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Abstract

Jonkers, W.B.I., 1987. Vegetation structure, logging damage and silviculture in a tropical rain forest in
Suriname, Doctoral thesis, Agricultural University, Wageningen, The Netherlands. 172 p., 34 tbs, 31 figs,
7 apps, 142 refs, Eng. and Dutch summaries. ISBN 90-9001860-3. Also published in the series Ecology
and management of tropical rain forests in Suriname. Agricultural University, Wageningen, The Nether-
lands. ISBN 90-800076-3-3.

In the first publication in this series, a polycyclic forest management system was formulated, in which
three silvicultural treatments (refinements) were scheduled in a cutting cycle of twenty years. This system,
which is referred to as the Celos Silvicultural System, is developed further in this study.

Selective logging is the first action of forest management. Felling limits for most species need to be
raised from 35 cm to 50 ¢cm dbh to secure future harvests. If carried out properly, logging does not cause
unacceptable damage to the stand. The forest responds to logging with a slow recovery process and a refine-
ment is scheduled one to two years after felling to release commercial species. This treatment consists
of cutting lianas and poison-girdling trees without commercial value, which are either larger than 40 cm
dbh or 20 — 40 cm dbh and within 10 m of a commercial tree, A second treatment is necessary ten years
after the initial harvest and the third one is scheduled a few years before the second cut. These follow-up
treatments differ from the first one in the selection of trees to be poison-girdled.
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Stellingen

Onder de huidige economische omstandigheden is beheer van tropisch regenbos
voor duurzame houtproduktie alleen haalbaar als na een geringe investering per
hectare binnen enkele decennia een aantrekkelijke oogst mag worden verwacht.

Dit proefschrift.

Selectieve uitkap van tropisch regenbos leidt niet noodzakelijkerwijs tot een blij-
vende verarming van het bosecosysteem in enigerlei vorm.

Dit proefschrift.

Het invoeren van op duurzame houtproductie gericht beheer van tropisch regen-
bos wordt in sterke mate bemoeilijkt indien de houtexploitant geen direct belang
heeft bij een dergelijk beheer.

De verspreiding van boomsoorten in tropisch regenbos wordt beinvioed door een
veelheid van factoren, en laat zich slechts ten dele verklaren uit tot op heden
gepubliceerde wetenschappelijke theorién,

Dit proefschrift.

De zuidamerikaanse indianen hebben in de loop van duizenden jaren een zeer
gedetailleerde kennis van de ecologie van het neotropisch regenwoud opge-
bouwd, die met hun cultuur dreigt te verdwijnen.

D.A. Posey, 1983. Indigenous ecological knowledge and development of the
Amazon, in E.F. Moran (ed.). The dilemma of Amazonian development.
Westview Press, Boulder, USA.

P. Grenand, 1975. Introduction & I’étude de 'univers Wayapi. Gestencild rap-
port, Ecole des Hautes Etudes en Sciences Sociales, Parijs, Frankrijk.

Wetenschappelijke informatie over tropisch regenbos dringt onvoldoende door
tot tropische Janden, mede doordat veel studies of niet of als “grijze” literatuur
worden gepubliceerd, hetgeen, in afwijking van wat Grainger (1987) stelt, minder
te wijten is aan individuele onderzoekers dan aan hun werkgevers.

A, Grainger, 1987. Report on the Tiel consultation. {TROPENBOS Informa-
tion Series 3}). TROPENBOS, Ede.




7. Dedoor Poels (1987) gemeten toename van het nutriéntenkapitaal in Surinaams
regenbos wijst op een geleidelijke aanwas van de phytomassa en kan dienen als
partiéle verklaring voor post-glaciale vitbreiding van het regenbosareaal in ge-
bieden met zeer arme bodems.

R.L.H. Poels, 1987. Soils, water and nutrients in a forest ecosystem in Suri-
name. (Ecology and management of tropical rain forests in Suriname 2).
Landbouwuniversiteit, Wageningen.

8. Wetenschappelijk onderzoek onder primitieve omstandigheden dient niet af-
hankelijk te zijn van het storingsvrij functioneren van geavanceerde apparatuur.

9. Bij voortzetting van het huidige overheidsbeleid van bezuinigingen in het weten-
schappelijk onderwijs en onderzoek dreigen die takken van wetenschap, die zich
slecht lenen voor “contract research”; te verschrompelen tot weinig meer dan
weten op een schap.

10. De besluitvorming bij het verlenen van ontwikkelingshulp vertoont vaak een
treffende overeenkomst met een alledaagse opvoedingssituatie, dieraak gekarak-
teriseerd wordt door de kinderuitspraak “als mijn moeder het koud vindt, moet
ik een jas aan”.

11. Het kunstmatig instandhouden van heidevelden, zandverstuivingen en andere
esthetisch fraaie Nederlandse landschappen, die zijn ontstaan als gevolg van ont-
bossing, wordt ten onrechte beschouwd als natuurbehoud en kan beter om-
schreven worden als [andschapsbescherming.

12. Het opschorten van de Nederlandse ontwikkelingshulp aan Suriname kan gezien
worden als een in Nederland weinig omstreden bezuinigingsmaatregel, die al-
thans als zodanig aan zijn doel heeft beantwoord.

Stellingen behorende bij het proefschrift van W.B.J. JONKERS.
Wageningen, 18 november 1987,
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Aan Martien, Carolien, Michiel en Wouter
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Preface

There is widespread concern in the world today about the future of tropical rain
forests, because they are being destroyed with alarming rapidity. There is also a
growing awareness that efforts to preserve pristine forests can only be successful if
combined with other land utilization types which suit the short-term and long-term
economic needs of the people and countries concerned. Action plans have been
formulated and policies proposed to save the remaining rain forests, to establish new
tree stands, and to halt the deterioration of living conditions in rural areas.

One land utilization type considered is the use of natural forest for sustained
timber production. Many tropical countries need hardwoods to feed their own
industries and require revenues from lumber export to finance their development.
There is an urgent need for management systems which secure an adequate supply
in the decades to come. One such system, the Celos Silvicultural System, has been
developed in Suriname and is the subject of this report and other publications in the
series Ecology and management of tropical rain forests in Suriname.

The Celos Silvicultural System is based on ideas formulated in the 1960s and the
oldest experiment in which the system was used was established in 1967. Eight years
later, the data collected were analysed. Results indicated that polycyclic management
is a feasible option. Polycyclic management means that the interval between harvests
is short compared with the time trees require to grow to harvestable size and that
only part of the stand is felled at one time. It was decided then to test and develop
this approach further in a project of the Wageningen Agricultural University and
the University of Suriname entitled Husmnan interference in the tropical rain forest
ecosystem (project LH/UvS01), started in 1978. Links were established with the Man
And Biosphere Programme of UNESCO, to whom the project is also known as MAB
Project 949.

The first publication in English on the Celos Silvicultural System is by de Graaf
(1982), who proposed a sequence of three silvicultural treatments in a cutting cycle
of 20 years. A more elaborate description of this concept is found in de Graaf (1986)
entitled “A Silvicultural System for Natural Regeneration of Tropical Rain Forest
in Suriname”. This is the first volume in the series Ecology and management of
tropical rain forests in Suriname, and contains a detailed discussion on experiments
established prior to 1978.

This book is a sequal to de Graaf’s thesis. It analyses three experiments initiated
between 1978 and 1983 and summarizes the results of two earlier trials. The purpose
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of this study is to find ways to improve the Celos Silvicultural System. A wide range
of topics will be discussed, such as spatial distribution of palm species, volume
estimation of timber trees, logging damage, diameter class distributions of timber
species, flowering and fruiting of trees, technical aspects of silvicultural treatment
and growth of timber trees under various conditions. Each of these topics is of
importance for silviculture or forest management in one way or another.

This study suggests some improvements in treatment preseriptions, Further
improvements seem possible, but unfortunately, field-work was discontinued by the
end of 1983 as result of a political controversy between the Governments of The
Netherlands and Suriname. It is my sincere hope that relations between both
countries will return to normal and that the work of project LH/UvS01 will be
resumed to solve the remaining problems and to strengthen the scientific basis of
the Celos Silvicultural System.

1 could not have written this study without the help of many people. First of all, I
amindebted to Professor R.A.A. Oldeman for his support and his detailed comments
on the manuscript and to Dr J.LH.A. Boerboom, who made the LH/UvS0l project
possible and guided me during my stay in Suriname. Furthermore, I wish to thank
Professor L.C.A. Corsten, who gave me valuable advice on matters concerning
statistical analysis, and Dr N.R. de Graaf, who selected the site of the MAIN
experiment and conducted the logging operation and the initial enumerations.

I am grateful to the successive directors of CELOS and to the CELOS personnel
for their technical and administrative assistance, A word of special thanks is due to
Mr W, Wolff and his crew for their dedicated and accurate work in the field and also
to Mr 1. Betlem, field co-ordinator, Mr R. Timpico, foreman at Kabo, and all the
others who worked in the forest for project LH/UvS0l.

Most of all, I would like to thank my colleagues in the LH/UvS01 team for their
co-operation and friendship. I am grateful to Messrs F. de Vet, C. Jelsma and E.
Alimoenadi for their assistance in data processing, and to the students who
participated in the research work. I also wish to thank the Director of Centraal
Bureau Luchtkartering, the Editor of Interciencia and Dr I.P. Schulz for permission
to reproduce figures and aerial photographs.
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Summary

This study is part of a long-term effort to devise a forest management system for
the tropical rain forests of Suriname. Development of its vast, largely untapped forest
resources for sustained timber production would benefit the economy of this country,
which is heavily dependent on the exploitation of bauxite. A forest management
system which requires little labour and capital input per hectare and results in an
attractive return on investment is called for.

Investigations carried out in the 1950s and 1960s demonstrated that alleviation of
competition in the stand resulted in a substantial increase in the growth of marketable
species. However, methods used were considered too expensive and it was not until
the 1970s that a more cost-efficient approach was developed. A polycyclic system was
formulated, in which three silvicultural treatments (refinements) were scheduled in
a felling cycle of 20 years. Each refinement included poison-girdling of all unwanted
trees above a specified diameter limit and the cutting of climbers. This system, which
is referred to as the Celos Silvicultural System (CSS), has been tested and developed
further.

The principal aims of this study were to strengthen the ecological basis of CSS
and to achieve further reductions in treatment costs. Data are presented from
experiments in a mesophytic rain forest in the Kabo region, 100 km south-west of
Paramaribo. The MAIN experiment (148 ha; 1978 — 1983) compared the effects of
logging and refinement at three levels each, and was also used for vegetation studies,
stem volume estimation, phenological observations and other ecological and
silvicultural studies. Poison-girdling techniques were compared in an arboricide trial
(7 ha; 1981 — 1983), and relationships between soil and vegetation were investigated
in the Van Leeuwen transect (1.32 ha; 1982). Data from earlier investigations in the
Mapane region are also included (50 ha; 1967 — 1982).

An extensive analysis of spatial distribution patterns in the forest vegetation
revealed that some parts of the study areas had few or no trees of commercial species.
This was often due to adverse physical soil properties, and it is preferable not to
subject these areas to silvicultural treatment. Large pockets without commercial trees
were also found on soils of better quality. The seed dispersal mechanisms of most
commercial species appeared to be sufficient to cover these areas. Regenerating such
patches by means of a poison-girdling treatment therefore seems possible, but a
number of canopy trees should preferably remain to suppress proliferation of weed
species. The analysis also indicated that eradication of the larger individuals of
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boegroemaka (Astrocaryum sciophilum) and other palm species has a benificial
effect on stand development. However, as logging already results in a reduction in
palm competition, the need for such a treatment may only arise during the second
half of the felling cycle.

Timber harvesting is the first action of forest management under CSS. It is shown
that selective logging, if properly done, does not inflict unacceptable damage on the
stand, even if volumes extracted are twice the average yield currently obtained in
commercial operations. However, restrictions with regard to sizes of trees remain
necessary and felling limits for many species should be increased from the current
level of 35 cm diameter to approximately 50 cm. The forest recovers slowly from
disturbance caused by logging, and increment in logged forest is inadequate to
produce a next crop within a reasonable period. This means that sustained yield
management cannot be achieved without silvicultural treatment. A positive effect
of logging is that it creates extensive openings where commercial regeneration can
develop. Further stimulation of recruitment through silvicultural treatment does not
seem strictly necessary and may even be counterproductive in large gaps. Isolated
trees in such openings screen commercial regeneration from excessive light and
should preferably not be poison-girdled.

The first refinement is scheduled one to two years after logging. Investigations
initiated in the 1960s and 1970s have shown, that a 20 cm diameter limit for
refinement leads to attractive growth of commercial trees. This quality of the
treatment should not be affected by modifications in prescriptions. Efforts were
made to devise a treatment which discriminates between poorly and well stocked
parts of the forest. It has been shown that a medium-sized tree without commercial
value is unlikely to impede a desirable tree if the distance between both trees is more
than 10 m. Hence, a refinement with two diameter limits instead of one is
recommended. The lower limit of 20 ¢m dbh should apply in the vicinity of medium-
sized and large desirable trees and the higher limit of 40 ¢m dbh should apply
elsewhere. This study gives a detailed account of the organization of refinement,
techniques used and costs involved. Much attention is also given to the ecological
implications of the treatment.

The favourable growth rates induced by refinement extend over a period of eight
to ten years. A second refinement is necessary ten years after the initial harvest and
the third treatment is scheduled a few years before the second cut. These follow-up
treatments differ from the first one in the selection of trees to be eliminated. This
study concludes with recommendations for these refinements. Although it may be
possible in theory to obtain an attractive sustained yield in a felling cycle of 20 years,
it is recommended that allowance be made for delays in treatment and other
contingencies by planning 25 annual coupes.
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Samenvatting

¥Yegetatiestructuur, exploitatieschade en bosteeltkundige ingrepen in een tropisch
regenwoud in Suriname

Sinds de vijftiger jaren wordt in Suriname bosbouwkundig onderzoek verricht in
tropisch regenbos, met als doel het ontwikkelen van een beheerssysteem voor
duurzame houtproductie. Als ontwikkelingsland met een geringe bevolkingsdruk,
hoge werkeloosheid, een groot oppervlak aan bos en een economie die in hoge mate
afhankelijk is van één product (bauxiet), heeft Suriname belang bij ecologisch
verantwoord bosbeheer, waarbij met cen bescheiden investering per hectare een
aantrekkelijk rendement kan worden verkregen.

Onderzoek uitgevoerd in de vijftiger en zestiger jaren heeft aangetoond, dat het
doden van ongewenste bomen en lianen kan resulteren in een sterke toename van de
groei van commercieel belangrijke soorten (Schulz, 1960; Boerboom, 1965), maar
de destijds toegepaste methoden werden te duur bevonden. Pogingen om de kosten
te verminderen leidden in 1976 tot een polycyclisch systeem (de Graaf and Geerts,
1976; de Graaf, 1982; 1986), waarbij eens in de 20 jaar een deel van de bomen wordt
geoogst en waarbij gedurende die 20 jaar drie bosteeltkundige ingrepen worden
uitgevoerd. Bij deze behandelingen, die zuiveringen (*refinements”) worden
genoemd, wordt het aandeel van de commerciéle soorten in het bos geleidelijk
vergroot. Hiertoe worden lianen gekapt en ongewenste bomen, waarvan de stam
dikker is dan een tevoren vastgestelde ondergrens, met arboricide gedood. Dit
systeem, dat de naam “Celos Silvicultural System” (CSS) draagt, is sindsdien verder
uitgewerkt en getoetst. Dit boek maakt deel uit van een reeks getiteld “Ecology and
management of tropical rain forests in Suriname”, waarin de resultaten van deze
onderzoeksinspanningen worden beschreven,

Het verbeteren van de bosteeltkundige ingrepen is het hoofddoel van deze studie.
De nadruk ligt hierbij op ecologische aspecten en het verminderen van de kosten.
Drie experimenten werden hiertoe opgezet in tropisch regenbos nabij Kabo, ongeveer
100 km ten zuidwesten van Paramaribo (Fig. 1.1}. In het “MAIN experiment”
(148 ha; 1978 — 1983) werd de invloed van diverse niveaus van selectieve uitkap en
zuivering op de vegetatie bestudeerd. Deze proef werd daarnaast gebruikt voor
vegetatickundig onderzoek en andere ecologische en bosbouwkundige studies.
Mogelijkheden om het gebruik van arboriciden bij de zuivering te verminderen
werden onderzocht in een “arboricide trial” (7 ha; 1981 — 1983) en de relatie bodem
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— vegetatie werd in het “Van Leeuwen transect™ (1,32 ha; 1982) geanalyseerd. Verder

worden resultaten van oudere proeven in het Mapane gebied (50 ha; 1967 — 1982)
besproken.

Uit een analyse van verspreidingspatronen in de bosvegetatie bleek, dat
commerciéle soorten erg schaars zijn in sommige delen van het “MAIN experiment”
en het “Van Leeuwen transect”. In een aantal gevallen is dit een gevolg van
ongunstige fysische eigenschappen van de bodem. Een zuivering heeft niet het
beoogde effect in dergelijke arme bossen en is ongewenst vanuit een ecologische
optiek. Op betere bodems werd plaatselijk eveneens bos aangetroffen zonder bomen
van commerciéle soorten. Omdat de zaadverspreiding geen belemmerende factor
bleek te zijn en er op voldoende verjonging van commerciéle soorten gerekend kan
worden, mag men hier wel gunstige resultaten verwachten van een zuivering, mits
een aanzienlijk deel van het kronendak wordt gespaard om wildgroei van secundaire
soorten, lianen en andere minder gewenste planten te onderdrukken. Uit het
onderzoek bleek verder dat het doden van de grotere individuen van de boegroemaka
palm (Astrocaryurm sciophilem) en andere palmsoorten waarschijnlijk een gunstig
effect heeft op de ontwikkeling van de opstand. Een dergelijke ingreep kan
noodzakelijk zijn in de tweede helft van de kapcyclus, maar niet eerder, omdat de
uitkap ook resulteert in een vermindering van het aantal palmen.

De gevolgen van selectieve uitkap werden onderzocht in het “MAIN experiment”.
Het bleek dat uitkap, indien met enige zorgvuldigheid uitgevoerd, niet leidt tot
onaanvaardbare schade, zelfs niet als het geveld volume per hectare twee maal zo
hoog is als gemiddeld in Suriname. Toch is het wenselijk om de bosexploitanten
beperkingen op te leggen die verder gaan dan de bestaande wetgeving. De huidige
kaplimiet van 35 ¢m diameter dient voor veel soorten te worden verhoogd tot
50 ¢cm om voldoende verjonging te garanderen en om voldoende bomen over te
houden voor een volgende kap. Na uitkap herstelt het bos zich langzaam van de
toegebrachte schade. De bomen groeien gemiddeld iets sneller dan in ongestoord bos,
maar onvoldoende om duurzaam bosbeheer zonder bosteeltkundige behandeling
mogelijk te maken. Verder ontstaan er bij de velling en uitsleep een groot aantal
openingen in het kronendak, waaronder de verjonging van commerciéle soorten zich
goed ontwikkelt. Het is dan ook niet strikt noodzakelijk om de groei van zaailingen
en staken verder te stimuleren.

De eerste zuivering dient één tot twee jaar na de uitkap te worden uitgevoerd. Uit
eerder onderzoek is reeds gebleken dat een zuivering met een ondergrens van 20 cm
dbh leidt tot een aantrekkelijke groei van commerciéle soorten (de Graaf, 1986), maar
een dergelijke behandeling is te zwaar voor delen van het bos waar deze soorten
vrijwel ontbreken. Daarom is gezocht naar een aangepaste behandeling. Het bleek,
dat bomen weinig of geen concurrentie ondervinden van kleine en middelgrote
exemplaren, die op meer dan 10 m afstand staan. Dit resultaat lcidde naar een
zuivering met twee diameterlimieten. De ondergrens van 20 ¢m blijft gelden binnen
een straal van 10 m van middelgrote en grote bomen van commerciéle soorten, maar
elders dient een limiet van 40 ¢m te worden toegepast. Verder geeft deze studie een
gedetailleerd verslag van technische en organisatorische aspecten van de zuivering
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en wordt uitgebreid aandacht besteed aan het kostenaspect, aan ecologische
neveneffecten en aan de groei, mortaliteit en verjonging van commerciéle soorten.

Na de eerste zuivering neemt de diametergroei toe en blijft dan acht tot tien jaar
op een acceptabel niveau. Tien jaar na de velling is een tweede zuivering nodig om
de groei nogmaals te stimuleren en een derde behandeling dient enkele jaren voor
de volgende kap te worden uitgevoerd. Bij elke zuivering worden te elimineren bomen
geselecteerd volgens andere criteria. In een eerdere publicatie in deze reeks stelt de
Graaf (1986} voor om bij de tweede en derde zuivering diameterlimieten toe te passen
van 5 4 10 ¢cm. Het gevolg van deze benadering is dat soorten die volgens de huidige
normen geen marktwaarde hebben vrijwel worden uitgeroeid. Hiertegen bestaan
belangrijke bezwaren van ecologische en economische aard. Dit boek besluit met
suggesties om deze bezwaren te ondervangen.

De beschikbare informatie suggereert dat het theoretisch mogelijk is om na 20 jaar
een aantrekkelijke oogst te realiseren. In de praktijk moet men echter rekening
houden met vertragingen in de uitvoering van de =zuiveringen en andere
eventualiteiten en daarom is het verstandig te rekenen met een kapcyclus van 25 jaar.

XVI




1 Suriname

The Republic of Suriname, only 163820 km? in area, is the smallest independent
country on the South American mainland. It is located in the humid equatorial
region at 2° — 6°Nand 54° — 56° W, between the Atlantic Ocean in the north and
Brazil in the south, east of the Republic of Guyana and west of French Guiana (Fig.
LD.

Most of Suriname’s small population (Section 1.4) lives in or near the capital,
Paramaribo, and a few other towns along the coast. Most economic activities, such
as mining and agriculture, are therefore concentrated in the coastal plain, which
comprises about 10% of the land area. The remaining 90% is sparsely populated
and mainly covered with untouched tropical rain forest, growing on soils with little
potential for permanent land use other than forestry, protection of the environment,
and nature conservation, The inaccessibility of this interior region is an important
limitation for forestry development, and most activities are presently confined to a
relatively narrow zone¢ of ¢asily accessible terrain, the so-called Exploitable Forest
Belt or Forestry Belt, which includes most of the Zanderij Formation and the
northern fringe of the interior uplands (Fig. 1.1).

The principal objectives of this study and of the studies described in four other
publications in the series Ecology and management of tropical rain forests in
Suriname (de Graaf, 1986; Hendrison, in press; Poels, in press; Schmidt, in press)
are to develop and to test methods for sustained timber production both in the
Forestry Belt and in other tropical rain forest areas of Suriname which are considered
inoperable under current economic conditions, but whose potential may be realised
when these conditions change. Research objectives are discussed in more detail in
Section 2.3.

1.1 Physical environment

111 Geomorphology and soils

Suriname can be divided from north to south into three zones, namely the coastal
plain, the Zanderij Belt, and the interior uplands (Soe Agnie, 1982). The coastal

plain, which is about 40 km wide in the east and 120 km in the west (Fig. 1.1}, is
almost flat and consists of heavy textured marine clay deposits interchanged with
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sand and shell ridges. Its elevation varies from mean sea level in swampy areas to
about 10 m.

The Zanderij Belt is just 5 — 10 km wide in the east, widening to 60 — 70 km
in the west (Fig. 1.1), with elevations varying from about 10 m to 50 m, Most forestry
activities, including the research discussed in this study, are concentrated in this zone.
The Zanderij or Coesewijne Formation was formed during the Tertiary period when
alluvial fans were deposited as result of severe erosion of the Guiana Shield (the
present interior uplands). In more recent geclogical cras, the fans in the present
coastal plain were covered with marine sediments, while the highest parts remained
at the surface and now form the Zanderij Belt. Dendritic creek systems have created
an easily accessible, slightly undulating landscape.

The soils of the Zanderij Belt can be divided into two categories, deeply podsolized




bleached sandy soils and unbleached loamy textured soils. The transition between
them is usually abrupt. The bleached soils are extremely poor in nutrients and have
adverse physical properties, making them unsuitable for permanent cultivation (see
Goense, 1987). Unbleached soils are slightly less infertile and have a good but fragile
structure, which deteriorates rapidly when the soil is used for permanent agriculture
(see Boxman, in press).

Theinterior uplands are part of the Guiana Shield, which consists mainly of deeply
weathered rocks of Precambrian age, with a landscape resulting from erosion rather
than tectonic activity (Bruijnings et al., 1977). This zone occupies more than 80%
of Suriname and includes undulating to steep hilly lowlands as well as mountain
ranges with elevations up to 1280 m above sea level. Soils are mostly of low fertility
and range in texture from loamy sand to clay.

11.2 Climate

Temperature and humidity. Suriname has a warm and humid climate. The relative
humidity is high, usually about 80% during the daytime and 95% at night, but
slightly lower during long dry spells. Temperature is rather uniform, with an annual
mean of 27°C and monthly averages of 26°C to 28° C (Fig. 1.2), but the diurnal
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Fig. 1.2 Mean monthly precipitation (mm), temperature (°C) and sunshine (%) in Paramaribo, adapted
from Bruijnings et al. (1977)
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range, about 8°C, is considerably larger. The very high temperatures of less humid
tropical areas are never experienced.

Precipitation. Annual rainfall varies from 1500 mm in coastal areas to almost

3000 mm in mountain ranges in the interior and occurs in four seasons (Goense,
1987, see also Fig. 1.2):

- short rainy season, 5th of December to 9th of February;
- short dry season, 10th of February to 19th of April;

~ long rainy season, 20th of April to 14th of August;

- long dry season, 15th of August to 4th of December.

Based upon this seasonal variation in rainfall, three climatic types are distinguished,
following Koppen’s classification (Bruijnings et al., 1977):
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- permanently wet rain forest (Af) climate, where all months have at least 60 mm
precipitation;

- subhumid evergreen rain forest (Am) climate, where one or more months have less
than 60 mm rainfall but total annual precipitation is high;

- savannah (Aw) climate, where one or more months have less than 60 mm rainfall
and annual precipitation is moderate,

The Af climate is predominant in the coastal plain, the Zanderij Belt and the northern
part of the interior uplands. The Aw climate is restricted to a few small areas along
the coast and in the interior, and the Am climate predominates in the remaining 70%
of the country. :

A feature of the rainfall in Suriname is its intensity. A storm generally begins very
suddenly, and the intensity of rainfall is high but of short duration. Thunderstorms
are uncommon. Storms may be preceeded by short, violent squalls of wind, which
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are important from the point of view of forest ecofogy because the strong winds
sometimes uproot large trees and even destroy stands of several hectares, Schulz
{1960) mentioned an area of several hundred hectares of wind-blown trees, probably
caused by an exceptionally heavy local storm. Heavy rainfall has a similar impact,
presumably caused by top-heaviness due to the weight of water adhering to leaves
and twigs.

Solar radiation. Suriname is a land of sunshine, and even in the middle of the long
rainy season the sun shines a few hours per day. The day-length is almost constant,
as in other low latitude areas, varying in Paramaribo from 11 hours 48 minutes to
12 hours 27 minutes. The annual distribution of sunshine is a function of cloudiness
and strongly correlated with rainfall, so that September and October tend to be the
sunniest months, while mean monthly hours of sunshine are lowest in May and June
(Fig. 1.2).

Microclimate on the forest floor. Microclimatic conditions on the floor of
undisturbed tropical rain forest are distinctly different from those in the open air.
Daily temperature ampiitude is only about 2°C and seasonal variation in
temperature is also less than in the open field (Fig. 1.3). Only a small proportion (1.5
— 2%) of solar radiation reaches the forest floor and air humidity is higher (Fig.
1.4). Wind velocity is very low, even when heavy gusts occur above the tree crowns.
Precipitation is also less than in the open, because virtually all rain is intercepted
by the tree crowns and some of it evaporates before reaching the forest floor. Dew
starts to fall soon after sunset and may be an important form of precipitation in dry
periods. A detailed account of microclimatic conditions is given by Schulz (1960).

1.2 Vegetation

Forest vegetation of some kind covers 92% of Suriname and six broad classes can
be distinguished (Lindeman and Moolenaar, 1959):

- mangrove forest (115000 ha), hygrophytic forest in salty and brackish swamps
along the coast;

- fresh water swamp forest (725000 ha), mainly in the coastal plain;

— marsh forest (505000 ha), at periodically flooded terrain in the coastal plain and
elsewhere;

- savannah forest (150000 ha), xerophytic forest on bleached soils of the Zanderij
Belt and locally in the interior uplands;

~ mesophytic tropical rain forest (13362000 ha), on unbleached soils in the Zanderij
Belt, in the interior uplands and on ridges in the coastal plain.

This study deals almost exclusively with mesophytic forests in the Zanderij Belt,
which arerich in species, although not as rich as rain forest ecosystems found in other
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parts of the world (see Livingstone and van der Hammen, 1978). About 500 tree
species have been identified and 100 — 150 species are usually found per hectare
(Lindeman and Moolenaar, 1959; Schulz, 1960). Climbers and epiphytes are common
and palms tend to be frequent. Floristic composition, canopy height and size class
distribution vary considerably from place to place. The average height of taller trees
isusually 30 - 50 m, although some emergents may grow to 60 m or more. Diameter
class distributions are mostly well balanced and trees of some species may reach
diameters of 150 ¢cm. Commercial species tend to be fairly well represented, with
some stands containing trees of species on the CELOS commercial species list (49
species, see Appendix I) with diameters at breast height greater than 15 ¢m, at
densities as high as 100 trees per ha.

1.3 Population, land use and ecomomy

Most inhabitants of Suriname are of African, Asian or European descent, with the
original population, the Amerindians, forming a small minority of approximately
10000 people. Between 1870 and 1982 the population of Suriname grew from 50000
to 376000, mainly as a result of immigration initially but later due to natural
population growth, although the birth rate has declined sharply in recent years. At
present, about 25% of the population is under 15 vears of age and a further 25%
is between 15 and 30 vears old.

Suriname has a low population density, 2.3 persons per km2, and about 80% of
the people live in or near Paramaribo. The population elsewhere in the coastal plain
accounts for another 10%. Approximately 40000 Amerindians and Bushcreoles, the
descendents of escaped African slaves, live in a number of settlements along the main
rivers of the interior.

Most economic activities are concentrated within a radjus of 30 km of the capital,
including bauxite mining and processing, sawmilling, and various industries and
agricultural enterprises producing for the local market. Other important economic
activities are bauxite mining near Moengo, paddy cultivation near Nickerie,
generation of hydro-electric power in the Van Blommenstein Lake, and forest
exploitation in the coastal fresh water swamps and the Forestry Belt,

Only a small proportion of Suriname is used for primary production other than
timber extraction from natural forest. About 62000 ha, that is 0.4% of the land area,
is used for permanent agriculture and animal husbandry (Moerland, 1984) and an
estimated 170000 ha is involved in shifting agriculture, about 10% of which is under
cultivation at any one time (Vink, 1970). Some 9000 ha are under forest plantations.

Suriname is one of the richer developing countries, although the Gross National
Product (GNP), which in 1982 was US$ 8500 per capita, has decreased substantially
in the last few years. The economy is dominated by the bauxite industry which
produces about one-third of the GNP and three-guarters of the country’s export total
{Moerland, 1984). The forestry sector is fairly important in Suriname’s economy,
contributing 1.5% to the GNP and 2.5% to export figures.




Suriname has a working population of 104000 (Moerland, 1984), the largest
employer being the government, which provides jobs for 38500 civil servants.
Agriculture and industry combined employ only 35000 people and the remaining
31000 work for private companies in the commerce and services sector. The rate of
unemployment is high, about 25%, particularly among the young who received no
formal education beyond primary school.

There is obviously a large need for diversification of the economy and generation
of more jobs. Further development of Suriname’s vast forest resources for sustained
timber production may well contribute to a better-balanced economic development
in the country, and a forest management system which requires little input of labour
and capital per unit area and Ieads to an attractive return on investment is called for.




2 Trends in rain forest silviculture

Commercial timber exploitation has been carried out for centuries in the humid
tropics, the oldest record of timber trade in Suriname dating from 1650, In those
pre-colonial times, Dutch merchants bought snakewood (letterhout, Brosimum
guignense) from Amerindian tribes, but organized timber exploitation was not
introduced until the 18th century, when “houtplantages” (timber concessions)
appeared along navigable parts of Suriname’s main rivers. Transport was by water
and logging operations were confined to the vicinity of water courses unti] the 1950s,
Logging activities since then have been restricted to dry land forest in the Forestry
Belt and swamp forest in the coastal plain. A more detailed history of forest
exploitation in Suriname will be included in a later publication in this series
(Hendrison, in press).

The history of tropical silviculture is much shorter. In the second half of the 19th
century, extensive areas of subhumid teak (Teciona grandis) forest were brought
under management in the Indian subcontinent, Burma and Indonesia. Experience
gained there served as a basis for the first attempts in the early 1900s to develop
silvicultural techniques for tropical rain forest, in what is now Peninsular Malaysia.
Suriname was among the first countries to apply such methods on an experimental
scale, starting in 1904. Many silvicultural systems have been developed since then,
mostly in South-East Asia and Africa, but also in Australia and tropical America.
Some methods aim at replacing the original vegetation with planted timber trees
(artificial regencration techniques), others aim at stimulating increment of
commercial species already present in natural forest (natural regeneration
techniques).

A brief history of the origin, development and present status of natural
regeneration techniques used in tropical rain forests is given in Sections 2.1 and 2.2,
with the emphasis on silvicultural methods which have influenced developments in
Suriname. The most recently proposed silvicultural system for Suriname’s rain
forests (de Graaf, 1986) is briefly reviewed in Section 2.2. The testing and
improvement of this system was the principal object of the present study, and Section
2.3 discusses some objections to the system.

2.1 Review of rain forest silviculture, 1900 — 1985
1900 — 1950. The oldest and most widely applied form of tropical rain forest
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management is a primitive polycyclic system, in which only part of the stand is
harvested every 20 to 40 years, often called a ““selection system” but more accurately
termed a “diameter limit felling system” . Using this system, the minimum diameter
of trees to be felled is set high to safeguard against overcutting and, in theory at least,
leaves forests in a sufficiently viable condition to be exploited again when appropriate
silvicultural techniques have been developed.

The first attempts to bring logged tropical rain forest under scientific management
date from the beginning of the twentieth century, when silvicultural treatments were
devised to stimulate growth of Palaguium guita, then an important latex-producing
species in Malaya, the present Peninsular Malaysia (Wyatt-Smith, 1963). These
efforts were considered successful and stimulated the development of natural
regeneration techniques for Malayan rain forests. In 1926, the Malayan Regeneration
Improvement Felling System (RIF} was formulated (Wyatt-Smith, 1963), consisting
of a gradual but complete removal of the canopy either by a 7-year sequence of felling
operations (Commercial Regencration Fellings) or by girdling of inferior species, in
a series of treatments, followed by final felling {Departmental Regeneration
Improvement Fellings). In the 1930s, arsenical poison-girdling was introduced as the
action of girdling without poison was considered too slow and erratic. This
monocyclic shelterwood system achieved its goal, which was a substantial increase
in the recruitment and growth of desirable species.

In the meantime, research into natural regeneration techniques in British colonies
in Africa had failed. Methods of artificial regeneration developed in Francophone
Africa were more successful, and involved enrichment planting or replacement of
the forest by pure plantations (Donis, 1958; Letourneux, 1956).

During the Second World War, a number of foresters with experience in Malaya
served in Nigeria, where they helped to formulate and implement the Tropical
Shelterwood System (TSS), a technique similar to the Malayan RIF (see Taylor, 1962).

.TS8 has also been applied in a slightly adapted form in Ghana and Trinidad and
on an experimental scale in the Ivory Coast (Neil, 1981). A selection system for
secondary forest was also developed in Puerto Rico (Wadsworth, 1947; 1952) and
experiments were carried out in Queensland, Australia (Baur, 1962), and in Indonesia
(van Goor and Kartasubrata, 1982).

1950 — 1965. Around 1950, the introduction of mechanized felling and extraction
methods, together with increased demand for a greater range of species, had a
considerable influence on rain forest silviculture by resulting in pressure for a single,
more profitable harvest operation. Such pressure forced the Forestry Department in
Malaya to abandon RIF shortly after the Second World War and to introduce the
Malayan Uniform System (MUS)., MUS was also a monocyclic system, but
exploitable timber was removed in a single felling operation, followed by almost
complete eradication of the remaining forest canopy in one poison-girdling
treatment. In Malaysia, seedlings of commercial species, most of them
Dipterocarpaceae, are generally present in large numbers per hectare. They tend to
respond favourably to such a drastic intervention, in spite of infestation by climbers
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and pioneer species. Follow-up treatments were considered necessary five and ten
years after logging, then once every 10 — 15 years, and a second harvest was expected
after 60 to 80 years (see Wyatt-Smith, 1963). MUS was also applied in British North
Borneo, the present Malaysian state of Sabah.

The MUS sequence of operations included “diagnostic samplings”, prior both
to felling and to each silvicultural treatment, and human intervention in the forest
should have been guided by the results. Most publications on MUS (for example,
Wyatt-Smith, 1963) put much emphasis on sampling techniques, although their
practical value was questionable, for the following reasons. In practice, the sampling
results gave a choice of allowing or postponing a scheduled operation (logging or
astandard silvicultural treatment). In Malaysia, however, it proved extremely difficult
to postpone logging on silvicultural grounds, and short field inspections were usually
adequate to decide upon application of a standard treatment. Moreover, the
organization, field-work and analysis involved were so time-consuming that
aithough diagnostic sampling was practised in many MUS silvicultural schemes, it
never became a standard routine.

The Philippines was a major timber exporting country in the 1950s and 1960s, but
timber resources were rapidly depleted. In the 1950s, a polycyclic system based on
Brasnett’s “two cycle system” was developed (Reyes, 1968). Prescriptions included
a high diameter limit for trees to be felled (80 cm), directional felling aimed at saving
groups of valuable trees, and a silvicultural treatment five to ten years after logging,
consisting of cutting lianas and ring-barking non-commercial trees. A second harvest
was considered possible after 35 years. Although implementation of this system
proved difficult, it is still being advocated and modified (see Weidelt and Banaag,
1982).

In Africa, developments followed different lines in various parts of the continent.
TSS was frequently revised to reduce treatment costs and was applied with dwindling
success in Nigeria and Ghana until the 1970s. In Uganda, a monocyclic system was
devised which was intermediate between TSS and MUS in some respects. An
important element of this system was that when trees were to be eliminated,
harvesting was preferred to poison-girdling, provided that such an operation was
economically feasible. Timber trees were felled in one operation. The first
silvicultural treatment consisted of cutting climbers and of poison-girdling unwanted
trees or felling them for charcoal production. One or two follow-up treatments,
preferably commercial thinnings, were scheduled within ten years after logging, and
diagnostic sampling was used to determine the intensity and nature of the various
treatments. The aim was to retain a crop of about 50 trees per hectare, to be harvested
after 60 — 80 years (Dawkins, 1958),

The emphasis in Francophone Africa remamed on artificial regeneration,
although efforts to develop natural regeneration systems were made in Zaire
(*Uniformisation par la haut”, see Donis, 1958) and the French colonies in West
Africa (Letourneux, 1956; Catinot, 1965). In tropical America, the existing natural
regeneration methods in Trinidad and Puerto Rico were improved further and were
applied on a modest scale {(Neil, 1981). Research into new natural regeneration
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techniques was carried out in Suriname (see Section 2.2) and a few other countries
{Baur, 1962), but most work at that time concentrated on replanting with Pirus spp.
and some broadleaved species.

1965 - 1975. Interest in natural regeneration technigues in the humid tropics
declined in the 1960s for three reasons. Firstly, most tropical countries were facing
serious financial problems, and willingness to wait more than half a century for
financial return from investments in silviculture was therefore decreasing, Secondly,
the demand for tropical timber rose, especially in South-East Asia and West Africa.
Governments were under mounting pressure from timber concessionaives to increase
annual yields beyond levels acceptable under monocyclic systems, and illegal felling
increased sharply. Thirdly, land tenure became a problem in many tropical countries
as clearing of rain forest for agricultural purposes increased rapidly (Myers, 1980).
Naturally regenerated forest consists mainly of small trees which are easy to clear
and it is therefore attractive both to squatters and to large agricultural enterprises.

In Peninsular Malaysia, most forests treated under MUS were converted into oil
palm and rubber estates, an obvious setback for the Malaysian Forestry Department.
Moreover, timber resources in the Malaysian lowlands dwindled and logging
operations moved into the hill forest, which did not respond favourably to MUS. 1t
was not until the late 1970s that a suitable alternative was formulated.

MU'S was modified in the Malaysian state of Sabah to meet local conditions (Sabah
Forest Department, 1972) to give the Modified Malayan Uniform System (MMUS),
which tends towards a polycyclic system. Sound trees of commercial species were
retained whenever possible to provide a modest yield after 40 years, that is halfway
through the cutting cycle. In the early 1970s, Sabah became the world’s largest
exporter of tropical timber, and yields per hectare increased dramatically.
Application of MMUS was discontinued in 1973 because logging damage had
become so severe that poison-girdling was considered no longer useful.

1n Indonesia, large-scale logging operations were initiated both in Kalimantan and
Sumatra. Two management systems based on natural regeneration were formulated
but neither was implemented (Sudiono and Daryadi, 1978). The first was similar to
MUS and the second, the Indonesian Selection System, to the Philippine system. In
Africa, research into and implementation of natural regeneration techniques came
to a complete stop in the early 1970s, but research activities in tropical America and
Australia were continued at a modest level.

1975 — 1985, Deforestation and forest degradation became even more serious after
1975. Fortunately, however, interest in conservation and management of tropical rain
forest revived. Forest management research became concentrated mainly on the
development of polycyclic systems, as monocyclic approaches had proven unrealistic
under the prevailing conditions.

Two systems were introduced in Malaysia, namely the Sustained Yield Selective
Felling System (SYSF) in Peninsular Malaysia (FAQ, 1977b; 1978) and Liberation
Thinning in Sarawak (Hutchinson, 1982; 1987; Jonkers, 1982), The SYSF, which is

12




also referred to as the Selective Management System (Schmidt, 1987), is basically a
yield regulation method, using inventory data to calculate sustained yields, minimum
diameters for trees to be felled, and the length of the cutting cycle. The method of
computing diameter limits, which are at least 56 cm for Dipterocarpaceae and 46 cm
for other commercial species, is such that at the end of the cutting cycle, a yield similar
to the initial one may be expected. The length of the cutting cycle is usually 30 years
but may be 25 vears in rich stands or more than 30 years in relatively poor forests.
Silviculture plays only a minor role in the SYSF system, although tree growth may
be promoted by poison-girdling the largest unmarketable trees,

Liberation Thinning is an entirely different approach, in which the emphasis is
on silvicultural treatment. The diameter limit for trees to be harvested is fixed at
60 cm and the length of the cutting cycle is 30 years. Those non-commercial trees
which either compete for light with commercial species or are expected to become
competitors within 30 years are eliminated in one poison-girdling operation, together
with all trees larger than 60 ¢cm dbh. Small and medium-sized non-commercial trees,
other than actual and potential competitors, are spared and follow-up treatments are
not foreseen.

The reason for two systems within one country is economic. Peninsular Malaysia
has a large timber industry which processes a broad range of species and assortments
both for home consumption and export, so that emphasis in forest management is
to avoid overcutting. Logging is considered a silvicultural tool, that is a means to
reduce competition in the stand. Sarawak, on the other hand, has virtually no local
market for timber products and its forests, although by no means poor, contain less
commercial timber than virgin rain forests in many other regions of South-East Asia.
Only first quality timber of internationally accepted species is usually felled and there
is therefore less need to restrict yields per hectare. Instead, emphasis is on stimulating
growth by means of poison-girdling treatment.

Another polycyclic approach was adopted in Queensland, Australia, where
selective felling was considered “a means of combining the twin aims of sustaining
a supply of timber and minimizing the environmental impact of logging operations”
(Queensiand Department of Forestry, 1983; p. VII). Management is by means of
controlled harvesting operations and no silvicultural treatment is applied, so that
increment rates remain rather low and a cutting cycle of 40 — 50 years is required
(see Shepherd and Richter, 1985).

Additional large-scale experiments to test polycyclic systems were initiated in many
other countries (see Schmidt, 1987}, such as Brazil, French Guiana, Suriname (see
Section 2.2), Indonesia and the Ivory Coast (see Maitre, 1986; Vooren, in press). The
Philippine system also received renewed attention (Weidelt and Banaag, 1983).

Conclusion. In spite of these encouraging developments, this brief history indicates
that 85 years of research into rain forest management have, in fact, accomplished
little, Only a very small proportion of the remaining forest in the humid tropics is
under scientific management (see Lanly, 1982; Schmidt, 1987). Furthermore, the out-
dated diameter limit system of selective felling described at the beginning of this

13




section is still widely applied throughout the tropics. Even in Malaysia, a country
with a long tradition of forest management, many permanent forests are still opened
up using this primitive yield regulation system. In spite of growing awareness of the
value of tropical rain forest, many still consider it merely an unproductive form of
vegetation on land which should be developed for agriculture or some other use, even
if conversion does not lead to sustained production. In order to change this attitude,
it is necessary to prove bevond doubt that rain forest is a valuable economic asset,
not only as a sustained source of timber and other forest products, but also as means
of protecting the environment (see also Oldeman and Boerboom, 1982).

2.2 Silviculture in Sariname, 1900 — 1985

1900 — 1950. The history of silviculture in Suriname began in 1904, shortly after
the formation of a forestry department. Between 1904 and 1925 experiments in
natural and artificial regeneration were established over more than 1000 ha near the
present Zanderij airport (Gonggrijp and Burger, 1948). These activities came to an
abrupt end when the forestry department was abolished in 1925 and most of the
information that had been collected was subsequently lost.

Shortly after World War II, the forestry department was reinstated and study was
made of the remains of the Zanderij experiments (Gonggrijp and Burger, 1948;
Gonggrijp, 1948). The findings showed that planted indigenous species were capable
of reaching heights of approximately 25 m and diameters of about 30 ¢m within 30
years (see also de Graaf, 1986).

1950—1965. The forestry department {Dienst ’s Lands Bosbeheer) made efforts to
establish silvicultural systems for logged-over rain forest during this period. A wide
range of natural and artificial regeneration techniques was studied. Schulz (1960)
initiated the first natural regeneration experiment in 1957, using methods obviously
inspired by work in Malaya, Uganda and West Africa (see Section 2.1). Treatments
were aimed at converting rain forest into stands composed of relatively few medium
and heavy hardwood species suitable for construction purposes {(Schulz, 1967). A
monocyclic approach with a rotation of 60 — 80 years was adopted (Boerboom,
1965).

In the first experiments, pre-felling treatments were carried out, consisting of
cutting lianas and poison-girdling all “undesirable” trees over 5 or 10 cm dbh, that
is trees of non-commercial species, and overmature and poorly formed trees of
commercial species. This treatment was called refining (Schulz, 1960) or refinement
(Boerboom, 1965). The arboricide used was 2,4,5T butyl ester (2,4,5-trichloro-
phenoxypropionic acid, 480 g acid equivalent per litre), applied in a 5% solution in
diesel oil. In later experiments, similar treatments were carried out gfter logging.

In practice, all trees above the diameter limit were climinated except for a few small
and medium-sized commercial trees of superior quality. Very soon, however, “it
appeared that growth of seedlings and small saplings of commercial species is too
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slow to allow successful competition with other, more quickly growing primary and
secondary forest species” (Schulz, 1960). Proliferation of climbers also was a serious
problem, and frequent tending was considered necessary. In order to reduce costs, —5" —
desirables were liberated in two-metre-wide strips running in an east-west direction.
Spacing of the strips depended on the stocking of small-sized commercial
regeneration but intervals usually ranged from 10 to 20 m. Weeds within strips were
cutlassed or poisoned biannuaily during the first two or three years, and annually
thereafter (Boerboom, 1965).

The growth response of commercial species proved favourable for all size classes.
Boerboom (1965) recorded diameter increments of approximately 1 cm/yr, with large
trees growing slightly slower than small individuals. However, treatment costs were
unacceptable. Inputs required during the first ten years were estimated at 30 man-days
and 100 litres of 2,4,5-T solution per hectare (Vink, 1970). Experimental replanting
looked more promising and Dienst ’s Lands Bosbeheer initiated a programme for
establishing plantations, mainly of Pinus caribaea.

1965 — 1978. After 1963, natural regeneration research was continued on a modest

scale by the Centre for Agricultural Research in Suriname (CELOS), then an institute

of Wageningen Agricultural University. Several small-scale experiments were
established between 1965 and 1967, in which a large number of treatment schedules

was applied, following the recommendations of Boerboom (1965) and Schulz (1967).
Possibilities for reducing the tending frequency required by the previous system were  «=5—
investigated. Furthermore, efforts were made to reduce the intensity of refinement,

thus diminishing proliferation of competing secondary vegetation and allowing
investigation into polycylic management.

Increment data from these experiments were analysed by de Graaf and Geerts £
(1976) and de Graaf (1982; 1986) and the results indicated that a polycyclic system }
was preferable to a monocyclic system. De Graaf then formulated a treatment -
schedule consisting of three refinements, the first shortly after logging, the second
eight years later, and the third 16 years after exploitation, with the second harvest
foreseen after 20 years. The suggested basal area reductions (de Graaf, 1982) were
from 28 to 12 m2/ha ai first refinement, from 20 to 10 m2/ha at second refinement
and Trom 18 to 15 m?/ha at third refinement. In de Graaf’s approach, diameter
limits were based on average stocking and were intended to result in residual basal
areas as indicated above, so an inventory had to be carried out before each treatment.

In most cases, the diameter limit at first refinement would be about 20 cm and in
subsequent refinements approximately 5 cm. De Graaf (1982) named this sequence
of operations the Celos Silvicultural System (CSS).

De Graaf’s list of operations (1986} included line cutting, sampling of commercial
trees and marking, frilling and spraying of trees to be eliminated. He estimated input
per hectare for the first refinement to be 40 litres of arboricide and five man-days
labour, of which 3.5 man-days were spent on tree marking and poison-girdling (de
Graaf, 1982). Expenditure for each subsequent treatment was estimated at 3.3 man-
days and 10 — 15 litres of arboricide per hectare. Thus, total expenditure was
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