Sylvie GOURLET-FLEURY?
Guillaume Cornu?
Héléne DESSARD?
Nicolas PicArRD?

Plinio Sis13

1 CIRAD-Forét, TA 10/D, Campus
international de Baillarguet
34398 Montpellier Cedex 5, France

2 CIRAD-Forét, BP 1813, Bamako, Mali
3 EMBRAPA Amazonia Oriental-

CIRAD-Forét, Travessa Eneas Pinheiro,
Belém - PA 66095-100, Brazil

This article? reports
on a study undertaken with simple
matrix models on the three main
logged species in French Guiana.
These models are good substitutes

for pre-existing heavily parameterised
models, and provide rapid answers to &

guestions raised on the future of
logged tree species. The authors
discuss the method used and show

the value of investigating the future of

species individually rather than in
groups.

1 Article adapted from a paper given at the

IUFRO Symposium: Manejo integrado de
florestas umidas neotropicais por

industrias e comunidades, held at Belém,
from 4 to 7 December 2000. A preliminary

version is to be published in the
Symposium proceedings, by C. SABOGAL
and J. N. M. SiLvA (2003).

BOIS ET FORETS DES TROPIQUES, 2004, N° 280 (2)

FORETS AMAZONIENNES

GUYANE FRANCAISE

Modelling forest
dynamics for practical
management purposes

L

iy e i 1
= i
.y I’ﬁ # i ' d
i L
Overview of the stand adjacent to experimental plot 16 (Chimarrhis turbinata,

background). Undisturbed forest.
Photo S. Gourlet-Fleury.
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RESUME

/~ MODELES DE DYNAMIQUE
FORESTIERE : DES OUTILS D’AIDE
A LA GESTION ?

Pour garantir la durabilité de la res-
source exploitable, en Guyane fran-
caise comme ailleurs, les gestion-
naires forestiers doivent raisonner le
délai entre deux coupes. Pour les 'y
aider, le département Foréts du Cirad a
développé plusieurs modéles de dyna-
mique forestiére et les a calibrés avec
des données sur la croissance, la mor-
talité et le recrutement, collectées
depuis 1984, sur le dispositif sylvicole
expérimental de Paracou. Les modéles
élaborés — modeéle matriciel dépen-
dant de la densité, modéle hybride
matriciel-arbre indépendant des dis-
tances et modéle arbre dépendant des
distances — sont flexibles mais lour-
dement paramétrés. Pour estimer cor-
rectement leurs paramétres, il faut dis-
poser d’importants jeux de données.
Par ailleurs, de nombreuses espéces
sont peu fréquentes dans les peuple-
ments et elles doivent faire 'objet de
regroupements pour pouvoir &tre cor-
rectement décrites dans ces modéles.
C’est un inconvénient pour les ges-
tionnaires dont 'intérét se porte, en
général, sur des espéces bien particu-
liéres et peu abondantes. Des modéles
matriciels simples, indépendants de la
densité mais qui prennent en compte
’incertitude existant sur les para-
métres d’entrée, sont de bons outils
de substitution et apportent des
réponses rapides aux questions sur
’avenir des espéces exploitées. Cet
article rend compte d’un travail effec-
tué a ’aide de ces modéles sur les
trois espéces les plus prélevées en
Guyane frangaise. Nous discutons la
méthode utilisée et illustrons U'intérét
d’examiner le devenir des espéces
prises séparément plutét qu’en
groupe.

\_ Mots-clés : modéle d’arbre, modéle
matriciel, gestion de forét, forét tropi-
cale, Guyane frangaise.

Sylvie GOURLET-FLEURY,
Guillaume CorNuU, Héléne DESSARD,
Nicolas PicARD, Plinio SisT
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ABSTRACT

MODELLING FOREST DYNAMICS
FOR PRACTICAL MANAGEMENT
PURPOSES

A major challenge for forest man-
agers is to define the optimal rotation
period to ensure that resources are
sustained on a long-term basis. For
this purpose, CIRAD Forestry Depart-
ment has developed several models
of forest dynamics, calibrating them
with data recorded since 1984 on
growth, mortality and recruitment in
the large experimental plots of the
Paracou site in French Guiana. The
models — a density-dependent matrix
model, a hybrid model (matrix/single-
tree distance-independent) and a sin-
gle-tree distance-dependent model —
are flexible but heavily parame-
terised. Large data sets are required
to estimate the parameters correctly.
As most individual tree species are
infrequent in the stands, they cannot
be described as such in the models
and have to be clustered into species
groups. This can be a serious draw-
back for forest managers, who are
generally interested in the future of
particular valuable species. Simple
matrix models, which are independ-
ent of density but take into account
the uncertainty of input parameters,
are preferable if managers are to be
supplied with quick answers. This
paper describes how such models are
calibrated for the three main har-
vested species in French Guiana. We
discuss the method used and show
the relevance of examining the fate of
particular species separately rather
than in species groups.

Keywords: tree model, matrix model,
forest management, tropical forest,
French Guiana.

RESUMEN

MODELOS DE DINAMICA FORESTAL:
¢HERRAMIENTAS DE AYUDA
A LA GESTION?

'\
Para garantizar la sostenibilidad de los
recursos explotables, tanto en la
Guayana francesa como en otras par-
tes, los gestores forestales deben eva-
luar razonadamente el plazo entre dos
cortas. Para ayudarlos, el departa-
mento Foréts del CIRAD ha desarro-
llado varios modelos de dinamica
forestal y los ha calibrado con datos
de crecimiento, mortalidad y recluta-
miento obtenidos desde 1984, en el
disefo silvicola experimental de
Paracou. Los modelos elaborados
-modelo matricial dependiente de la
densidad, modelo matricial mixto:
arbol independiente de las distancias
y arbol dependiente de las distancias—
son flexibles pero hay que fijar nume-
rosos parametros. Para evaluar correc-
tamente sus parametros, es necesario
disponer de un importante conjunto
de datos. Por otra parte, numerosas
especies son poco frecuentes en los
rodales y deben agruparse para que
se encuentren adecuadamente descri-
tas en estos modelos. Es un inconve-
niente para los gestores que, en gene-
ral, suelen interesarse por especies
concretas y poco abundantes. Los
modelos matriciales simples, indepen-
dientes de la densidad pero que tie-
nen en cuenta la incertidumbre exis-
tente en los parametros iniciales, son
buenas herramientas de sustitucion y
proporcionan respuestas rapidas a las
cuestiones sobre el futuro de las espe-
cies explotadas. Este articulo informa
sobre el trabajo efectuado con ayuda
de estos modelos en las tres especies
mas explotadas en la Guayana fran-
cesa. Se analiza el método utilizado y
se explica porqué es mas interesante
examinar la evolucion de las especies
de forma separada que en grupo.

Palabras clave: modelo de arbol,
modelo matricial, gestion del bosque,
bosque tropical, Guayana francesa. __J
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Introduction

Giving permanent financial
value to tropical rain forests is con-
sidered as an alternative to over-log-
ging, degradation and conversion of
those forests. Besides new hopes
generated by the Clean Development
Mechanism and the establishment of
an international market in carbon off-
sets, much progress is possible in the
sustainable production of various
valuable forest products.

Efforts have been focused for a
long time on management for sus-
tainable timber production (DAWKINS,
PHILIP, 1998), although the potential
value of biodiversity has recently
widened the concept of sustainability
(LESLIE, 1997; MANKIN, 1998). Howe-
ver, the results of those efforts
appear somewhat discouraging when
judged from the viewpoint of the area
of tropical forests under real manage-
ment (GOMEZ-POMPA, BURLEY, 1991;
FAO, 1999).

In defining and implementing
management plans on forested lands,
the main difficulties to be overcome
are more concerned with national
policies, legislation, land and tree
tenure and forest staff training than
with technical problems. However,
one important issue remains to be
addressed: assessing the optimal
rotation period to ensure resource
sustainability on a long-term basis.
The problem stems at once from the
lack of appropriate and reliable field
data and the complexity of data analy-
sis. It most often requires the devel-
opment of models of forest dynamics.
This remains a difficult exercise which
is dependent on available data, time
and expertise, and on the initial infer-
ences that are supposed to be drawn
from the models (VANCLAY, 1994).

In French Guiana, which is almost
entirely covered by 8.5 million ha of
lowland rainforest, sustainable forest
management became a real concern in
the early 1990’s. Logging occurs only
in the coastal part of the territory.
Annual production is about 60 0oo m3,
coming from 20 main species
prospected, but only three species
accounting for 2/3 of this volume are
intensively harvested. These species

are: Dicorynia guianensis Amshoff
(Caesalpiniaceae), Qualea rosea
Aublet (Vochysiaceae), Sextonia rubra
Mez (Lauraceae). In order to prevent
logging operations from penetrating
deeper inland, the National Forest
Service (ONF) has marked out units of
production forests that, in the medium
term, will cover 844 000 ha, mainly
along the coast, and has started to
implement management plans

(DUTREVE et al., 2001). During this
process, researchers have been ques-
tioned intensively on optimal rotation
periods. The two main questions are:

= how quickly is the harvestable stock
supposed to recover after logging?
= what will be the composition of the
flora of harvestable stock at the end
of the first rotation?

In this paper, we aim to:
= assess how the forest dynamics
models used so far by researchers in
French Guiana can help in answering
these questions;
= assess the performance of a simple
model which is currently used in
some other tropical countries for the
same purpose, and suggest a way to
improve its use.
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Do available
models answer
to the managers’
needs ?

The data used to develop the
CIRAD-Forét dynamics models have
been collected since 1984 at the
Paracou experimental site (Box 1).
The three types of models built up
since 1992 are shown in Box 2. These
models are intended as prediction
tools for forest managers, which
remains an objective for the medium-
term given their varying degrees of
readiness.

A detailed comparison of the
functioning and overall value (for
research as well as for management)
of our models has been made by
PicARD et al. (2004). The main conclu-
sions of importance for our paper are
the following:
= Considering the global pool of
species, the three models show a
steady state close to what was
observed at Paracou before the treat-
ments were implemented. This result
applies to diameter structures, as
well as to the total number of trees
and the cumulated basal area. In
detail, SELVA performs better for
reproducing global stand characteris-
tics and their variability, while the dis-
tribution-based models (matrix and
hybrid) perform better for reproduc-
ing diameter structures.
= The three models do not behave
identically when reconstituting a
stand after logging. Figure 1 compares
the predictions of the models to what
was actually observed at Paracou on a
plot which was logged at about 10
trees per hectare = 60 cm dbh. SELVA
reproduces the evolution of both total
number of trees and basal area rea-
sonably well, while with the matrix
and the hybrid models (/) the total
number of trees seems to reach its
stationary value too fast, (i/) the basal
area tends to be overestimated.

Let us go back to the two ques-
tions addressed in this paper.

How quickly is the
harvestable stock
supposed to recover
after a logging?

After logging (10 trees/ha, dbh >
60 cm), SELVA predicts a return of the
stand to equilibrium after more then
150 years, for both the number of
trees and the cumulated basal area.
The same time is necessary, accord-
ing to the two other models, for basal
area.

The return to the initial state
(i.e. the state before logging, which is
not necessarily the state of equilib-
rium), in terms of basal area, could be
achieved in 50 years according to the
matrix model, 60 yrs according to the
hybrid model and 8o yrs according to
SELVA. Reconstitution of the diameter
class = 60 cm, which we consider to
be roughly equivalent to the har-
vestable stock, would occur over the
same time scale: 50 years according
to SELVA, 60 years according to the
distribution-based models.

These are indicative results
which can guide forest managers pro-
vided that they are used with caution:
predictions are made for the overall
pool of species and there is no guar-
antee that, 50 or 60 years after log-
ging, the new stock of big trees will
be made up of trees of valuable
species. This leads to the second
question.

What will be the floristic
composition of the
harvestable stock at the
end of the first rotation?

At present, none of our models
is able to answer this question even if
they do not ignore it. Modellers usu-
ally simplify stands by grouping
species according to ecological crite-
ria, reaching a degree of simplifica-
tion that does not allow the individual
examination of a particular valuable
species. In some regions, as in Asia,
where dipterocarps have fairly uni-
form ecological behaviour (i.e. shade
tolerant species stimulated in their
early stages by canopy opening,
reviewed in ASHTON, 1998), models
can be calibrated specifically for one
or two commercial groups. However,
this is usually not the case in the
Amazon and Congo basin regions,
where the few commercial timber
species belong to a large spectrum of
ecological behaviour (FAVRICHON,
1994; FINEGAN et al., 1999; LAHOREAU
et al., 2002).

In French Guiana, the 20 species
most in demand are spread over three
of the five groups considered in the
distribution-based models, and over
12 of the 15 growth groups consid-
ered in SELVA. The three species
which make up 75% of the timber vol-
ume extracted from the forest,
namely Dicorynia guianensis, Qualea

Box 1. The Paracou experimental site.

In French Guiana, forest dynamics have been studied for a long time in permanent sam-
ple plots (the oldest were established in 1954 near Saint-Laurent du Maroni; GAZEL,
1983). One of the most intensively studied sites, at Paracou, was set up in 1982 about
50 km NW of the European space city of Kourou, at latitude 5°18” North and longitude

52°53’ W,

Twelve plots of nine ha each, were marked out over a globally homogeneous substrate,
on a formation called the “ARMINA series”, which is characterised by schists and sand-
stones and locally crossed through by veins of pegmatite, aplite and quartz (PAGET,
1999). In each plot, all trees over 10 cm dbh within a central subplot of 6.25 ha sur-
rounded by a 25 m wide buffer zone were mapped and their coordinates recorded. Since
1984, growth, mortality and recruitment of more than 46 ooo trees identified at the
species or species group level were recorded annually (every two years since 1996).
Between 1986 and 1988, three silvicultural treatments of increasing intensity were
applied to nine of the plots (each treatment replicated three times), three plots remain-

ing undisturbed (SCHMITT, BARITEAU, 1990).



Box 2. Available models.

Three models were built using the Paracou data bank. According to
current terminology (FRANC et al., 2000) they can be qualified respec-
tively as:

= a size class model;

= a hybrid model combining size-class and single tree distance-inde-
pendent components according to the diameter of the trees;

= a single-tree distance-dependent model.

They basically differ from each other by the degree to which they
account for individual tree characteristics and their location in the
stands.

Size class model: FAVRICHON’S density-dependent
matrix model (1995)

FAVRICHON (1995, 1998) built a transition matrix model with “regu-
lated parameters”. In this model, trees are broken down into diame-
ter classes and five species groups. Each species group is charac-
terised by a vector y, that gives the number of trees in each diameter
class. The variation of y, over time is defined by a transition matrix Ag
so that we have:

Y (t+ A) = Ay, @ +r. [1]
with vector r, representing recruitment above 10 cm dbh, A being a
matrix with non-zero elements along the diagonal and subdiagonal
only:

0 Co [2]
mg; is the probability of death of a tree of species group s in diameter
class i between time steps t and At, and by; is the probability of sur-
vival of a tree of species group s in diameter class / up to the next
diameter class, between time steps t and At.

This matrix model is density-dependent, as the transition probabili-
ties mg; and by; are functions of a stand attribute, namely the cumula-
tive basal area. The recruitment flux, rg; also depends on basal area.
All the relationships are linear:

bsi =0 +00g D '*'OcszDi2 +as3%o

- = 2
ms; = Bso +Bs1Di+ BszDi

I = 850 +851 yBo

D;is the average diameter of the iy, diameter class, B is the cumulated
basal area of the whole stand at time t and By, is the “reference” basal
area, that is to say of the stand before disturbance (calculated in 1984
at Paracou). In this version, the model is entirely deterministic.

i

Hybrid model (PicARD, 1999)

PicARD (1999) divided the stand into two components: trees under
and over 40 cm dbh. He built a transition matrix model with “regu-
lated parameters”, similar to FAVRICHON’s model, for small trees, and
calibrated an individual-based model for large trees without taking
their location in space into account. The same five species groups as
FAVRICHON’s are used.

The following growth equation is applied to large trees (over 40 cm
dbh): 5

AD; = (a5, +ag /BO)At
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where j refers to the individual tree and A.D; to its diameter incre-
ment. B and B, are defined as in the previous paragraph and ay, and
a,, are parameters specific to each of the five species groups. To this
growth equation is added a mortality rate that depends on the diam-
eter of the tree only.

The connection is established between the two components through
the recruitment of trees above 40 cm dbh. Conditions to ensure the
continuity of the whole diameter distribution of the stand result in full
dependency between the parameters of the matrix model and the
parameters of the individual growth equation.

Single-tree distance-dependent model:
SELVA (GOURLET-FLEURY, 1997)

In this type of model, as many tree characteristics as possible, including
its spatial coordinates, are taken into account. SELVA runs submodels
describing growth, mortality and recruitment in the following way.

Growth

Growth models have been developed for 15 groups of species
(GOURLET-FLEURY and HOULLIER, 2000) in the following general form:
AD; = average (D;) x modifier(/C;,A, ,/C ;) X g

where s refers to the group of species, j to the individual tree,
and A,Dg; to its diameter increment. The function average (Dg) is
of the sigmoid family (Gompertz or Korf equation, see ZEIDE, 1993)
and describes the behaviour of a tree of diameter j and group of spe-
cies s in a “neutral environment”. The function modifier(lel- ,AFMICSI-)
depends on indices (’Cs/) reflecting local competition around the tree
jinside a circular plot of radius 30 m, and past variations in this com-
petition (between t— At and t). The form of these two functions as
well as the type of the competition indices vary according to the dom-
inant behaviour of the group of species considered. &; is a log-nor-
mally distributed random variate.

When all species are grouped together, the equation is as follows:

In(A,D; +cte) = a +{ln(m) +In(D;) +ﬁln(ln(K)— ln(D[))}

+[ao JNBD; +a,A, ,NBD; +a2(At,A,NBD,)2]+s,.

where a, m and K are the parameters of the Korf model, a,, a, and a,
are the other regression parameters. NBD; is the total number of
trees whose diameter exceeds Dj within a radius of 30 m around tree
J>and Ap_ ¢ NBD/ is the past variation of this number. & is a normally
distributed residual.

Mortality

SELVA takes four types of mortality into account. The probability of
occurrence of standing mortality (age, disease, competition), primary
windthrow (falling for some reason excluding the impact of another
falling tree), complex windthrow (unsteadiness due to the opening of
a gap) are logistic functions of the characteristics of the tree as well
as of particular competition indices. The number of trees broken by
the fall of big trees is described in a deterministic way.

Recruitment

Ingrowth is described through the probability for a certain number of
trees of more than 10 cm dbh to appear in 10 x 10 m square cells of a
regular grid superimposed on the stand under study. The probability
is a general logistic function of the local cumulated basal area.
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Figure 1.

Predicted (—) and observed (O) variation in Paracou plot 9, where treatment 1

was carried out.

— average variation over 12 reiterations of simulations (@) SELVA, (c) hybrid
model) or deterministic variation ((b) matrix model);

... envelopes of the 12 simulations.

rosea and Sextonia rubra, are “hid-
den” in one of the five species groups
of the distribution-based models,
which groups together 18 “emergent
mid-tolerant” species. In this group,
they represent 26% of the total num-
ber of trees and 38% of the basal area
only. Predictions on how this group
may evolve do not tell us a lot about
what will happen to the three individ-
ual species.

Calibrating dynamics models
requires a lot of data. Modellers basi-
cally have two options: (i) if they are
interested in mechanisms, they will
try to capture the behaviour of the
stands as realistically as possible. To
do so, they tend to parameterise the
components of the dynamics heavily
(regulated parameters in the transi-
tion matrix, individual-based dis-
tance-dependent growth and mortal-

ity models) and, in order to keep a
large enough data set for calibration,
they tend to group species according
to a number of general behaviour pat-
terns which are relevant to the con-
struction of the model (global ecolog-
ical behaviour in the distribution-
based models, diameter increment in
SELVA). In some ways, it might be
said that species are not the impor-
tant point. (i) If they want to supply
quick answers to forest managers,
regarding particular species. In this
case, and when the species of inter-
est are scarce in the stands, the data
needs usually require oversimplifica-
tion of the dynamic model.

At present, the second option is
the usual choice in several Congo
Basin countries . This results in the
use of non-regulated matrix models
(in Cote d’lvoire: MENGIN-LECREULX,
1990; DURRIEU DE MADRON et al.,
1998a; in Republic of Central Africa:
BEDEL et al., 1998; in Cameroon:
DEBROUX, 1998) or derived simple for-
mulae linking the percentage of har-
vestable stock recovery to the mini-
mum felling diameter through mean
diameter increment and mortality val-
ues (DURRIEU DE MADRON et al.,
1998b). Matrix models are preferred
when experimental data sets on for-
est dynamics are available; the recon-
stitution formula is generally used
with mean mortality and growth val-
ues taken from the literature.

In all cases, the inaccuracy of the
estimated parameters has been poorly
addressed in the matrices or formula.
Although the estimates are given with
confidence intervals, only mean values
are used. For mortality rates, the situa-
tion is even worse because data are
scarce and the phenomena highly vari-
able in time. Very often, a default mor-
tality rate of 1% is used.

The following paragraphs
describe the non-regulated matrix
model we built up for each of the three
main commercial species in French
Guiana and our studies of their behav-
iour, taking into account the variability
of the estimated parameters based on
their empirical distribution.



Predicting
variation in the
harvestable stock
of French Guiana’s
three most
valuable species

Populations, model
and parameters

The three populations consid-
ered are those which were present in
the 12 permanent plots (75 ha) of the
Paracou site in 1984, before logging
and silvicultural treatments (see Box
1). The total densities of Dicorynia
guianensis, Qualea rosea and
Sextonia rubra were respectively 520
trees, 710 trees and 210 trees. The
populations were broken down by six
dbh classes, 10 cm wide.

The model used is the same as[1],
with A¢ expressed as [2] (see Box 2).
The bgjand m; parameters are taken
as constants for each simulation. The
bg; are calculated from diameter incre-
ments estimated for each diameter
class considering the two-year period
before implementation of the silvicul-
tural treatments. The m; are estimated
using as many observations on natural
mortality as possible. For this, we used
all the years available and were obliged
to group diameter classes together in
order to obtain meaningful information:
only three classes were kept, namely
10-40 cm, 40-60 ¢cm and = 60 cm. We
proceeded on a treatment by treatment
basis in order to assess the variability
of the mortality phenomenon (taking
into account only mortality due to “nat-
ural causes”, that is to say that death
directly linked to the felling of valuable
trees was excluded). In doing so,
we probably overestimated values
because silvicultural treatments have
an impact on natural mortality. The data
used for each species are shown in
Table I and Table Il

For each species, the recruit-
ment vector R was calculated so as
to maintain a constant number of
trees in the first diameter class.

Carbet of the Paracou camp.
Photo A. Ferment.

Table I.
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Diameter increment values used to build the non-regulated matrix models (cm/yr).
Class 1 to class 5 are obtained when the interval of variation of the observed
increments is divided by five: classj=min+i*[(max-min)/5]. The data under each class

are the frequency of diameter increments observed between classj., and class;.

The sum for each diameter class equals 1. This information is used to sample diameter
increments according to the observed frequency.

Diameter Number
classes (cm)

Dicorynia guianensis
10-20 207
20-30 93
30-40 68
40-50 55
50-60 33
2 60 48
Qualea rosea
10-20 168
20-30 78
30-40 87
40-50 117
50-60 91
=60 152

Sextonia rubra

10-20
20-30
30-40
40-50
50-60
> 60

60
30
16
12
21

57

Mean
(em/yr) (cm/yr) (cm/yn

0.16
0.31
0.35
0.35

0.33
0.23

0.13
0.21
0.34
0.34
0.29
0.21

0.08
0.23
0.23
0.36
0.26
0.26

Min

0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00

0.00

0.00
0.00
0.00
0.08
0.00
0.00

Max

0.48
0.56
0.72
0.80
0.87
0.64

0.48
0.48
0.88
0.80
0.80
0.72

0.28
0.64
0.64
0.72
0.56
0.80

Distribution frequency of increments

Class 1

0.436
0.158
0.121
0.269
0.290
0.350

0.561
0.292
0.308
0.330
0.359
0.304

0.407
0.241
0.310
0.182
0.333
0.392

0.240
0.158
0.242
0.250
0.355
0.275

0.151
0.215
0.333

0.275
0.269

0.256

0.296
0.483
0.310
0.273
0.056
0.314

0.151
0.341
0.152
0.308
0.161
0.200

0.115
0.200
0.192
0.202
0.231
0.272

0.278
0.000
0.000
0.182
0.278
0.177

0.089
0.221
0.303
0.154
0.129
0.125

0.108
0.154
0.090
0.119

0.077
0.064

0.000
0.241
0.250
0.273
0.167
0.588

Class2 Class3 Class4 Classs

0.084
0.122
0.182
0.019
0.065
0.050

0.065
0.139
0.077

0.073
0.064

0.104

0.019
0.035
0.125
0.091
0.166
0.588
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Dicorynia guianensis

3,5
3
Simulation method o 25

<
s 2

The output variable of most é
interest is the level of stock recovery E 15
at the end of the first rotation period. 1
At present, in French Guiana, the rota- 05
tion length is 40 years, based on time 0

projections of basal area increments
observed at Paracou in the early
1990s. Since then, both the accumu-
lation of data and improvements in
calculation methods have led to rec- @
ommend a longer rotation period of
50 years, which appears to be reason-

10-20 20-30 30-40 40-50 50-60 > 60
Diameter classes (cm)

t Logging = Mean values - Sampling

0

able for the Paracou site (GOURLET- Qualea rosea
FLEURY, 2000). In this study, we have 3
therefore focused on the number of o5
trees of more than 6o cm dbh at the '
end of 50 years of simulation with the © 2
matrix model. E 15
The initial state, i.e. the input £
vector, is the diameter distribution of 2 1
the population under study immedi- 05

ately after logging. The final state is
compared to the diameter distribu- 0
tion before logging.

For each species, two types of
simulations were performed: t,  Logging = Meanvalues - Sampling
= one simulation using the mean val-
ues of diameter increments (6 values,
for the 6 diameter classes) and the
observed value of the mortality rate
in the logged-over plots (cf. T1in
Table Il, 3 values for the 3 diameter Sextonia rubra
classes). The matrix model has fixed
parameters, it is used once and at the
end we obtain a single value for the
output variable.
= 10 000 repetitions of the simulation,
using values of the matrix parameters
sampled inside their variation
domain: (i) for mortality rates, sys-
tematic sampling is performed
between the minimum and the maxi-
mum values; (i) for diameter incre- 10-20 20-30  30-40  40-50  50-60 > 60
ments, sampling is achieved accord- Diameter classes (cm)
ing to the observed frequency t,  Logging= Meanvalues - Sampling
distribution of increments between
the 5th and the 95th percentile of

10-20 20-30 30-40 40-50 50-60 > 60
Diameter classes (cm)

Number/ha
s o o o =
N = o [e:] — N

o

actual distribution. At the end, we

obtain 10 ooo values of the output Figure 2.

variable for which we compute the Variation in observed and simulated diameter distributions for (a) Dicorynia
guianensis, (b) Qualea rosea and (c) Sextonia rubra at Paracou.

“t,” refers to the year immediately preceding the logging operations.

“Logging” refers to the year following the logging operations. “Mean value”
indicates the result of a 50-year simulation using only one set of parameters
(mean values of diameter increments and observed mortality rate in logged-over
plots). “Sampling” refers to the 10,000 simulations carried out with sampled
parameters. The distribution shown is the mean result of those simulations.

mean and the variance.



Results

Figure 2 shows the changes in
the observed and predicted diameter
distributions for each species.
Results for the output variable are
given in Table III.

First, it can be seen that the
three species have very distinct initial
diameter distribution types. They are
more or less negatively exponential,
with a regular downward trend for
Dicorynia guianensis, high accumula-
tion of trees in the intermediate
classes for Qualea rosea and accumu-
lation of trees in the high diameter
classes for Sextonia rubra (Figure 2).
The use of the matrix models results
in a rapid loss of the initial shape,
which is particularly pronounced for
the two last species due to the value
of the parameters estimated for the
intermediate classes. Two hypothesis
can be made: (i) on the scale of
Paracou, the shape reflects the eco-
logical behaviour of the species but
the data set is not large enough to
produce correct estimates of the
parameters. The simulated loss of
shape is thus probably artificial; (ii)
the initial shape is transient, for his-
torical reasons, and the parameters
were correctly estimated: the trend
indicated by the results of the simula-
tion may be reasonable. The first
hypothesis is probably true for
Qualea rosea while for Sextonia
rubra, we probably have a mixture of
the two hypotheses.

Secondly, the number of trees of
dbh = 60 cm after 50 years predicted
either by using one set of mean
parameters, or by calculating the
mean result of 10 0oo repetitions with
sampled parameters are close to
each other, regardless of the species.
No logical rule can be found as to
over or under-evaluation according to
the initial diameter distribution. The
important point is that, by sampling
parameters and averaging the results
of the simulations, we obtain what
can be considered as “the most prob-
able value” given the quality of the
increment and mortality estimates for
the trees under study. We also obtain
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Table II.
Annual mortality rates used to build the non-
regulated matrix models (%). For each
diameter class, the minimum and maximum
values observed are considered as the
bounds of the variation interval in which
¥, mortality rates are sampled for the

Damage in expe'rimental plot 4 simulations. To refers to the control plots,
cabeed by e Tl woe oy T1 to logged-over plots, T2 to logged-over +
;t]e). Logged and thinned forest. thinned plots and T3 to heavily logged-over

IO O + thinned plots.

Control plots Treated plots
Diameter To T1 T2 T3
classes (cm)

Dicorynia guianensis

10-40 0.19 0.54 0.64 0.22
40-60 0.90 2.09 1.22 0.75
> 60 1.79 0.00 0.00 0.00

Qualea rosea

10-40 1.36 1.05 0.47 1.78
40-60 0.24 1.27 0.29 1.88
> 60 1.32 1.27 0.00 0.94

Sextonia rubra

0-40 1.16 1.07 1.29 2.07
£40-60 2.46 0.53 0.00 0.00
43 g e 2 60 1.45 0.00 0.00 1.89

Pinot palms (Euterpe oleracea)
in plot 16. Undisturbed forest.
Photo A. Ferment.

Angelica sapling (Dicorynia guianensis, the main logged species
in French Guiana) in the forest understorey.
Photo J.-G. Jourget.
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Table IIl.
Commercial stock (number of trees = 60 cm dbh) before and after

logging, and recovery after 50 years, depending on the parameters used.

Species Dicorynia Qualea Sextonia Total
guianensis rosea rubra

Initial state (t/ha) 0.75 1.81 0.53 3.09 t/ha

After logging (t/ha) 0.16 0.37 0.05 0.58 t/ha

After 50 years (mean) 0.52 1.51 0.35 2.38 t/ha

After 50 years (sampling) 0.59 1.68 0.31 2.58 (t/ha)

Variance 0.077 0.411 0.020

Variation coefficient (%) 47.0 38.2 45.8

Hemispheric photograph taken in plot 11. Undisturbed forest.
Photo V. Gond.

a confidence interval on the result,
which appears to be very large,
excluding zero by a narrow margin.
Variation coefficients are high for
both Dicorynia guianensis and
Sextonia rubra, whereas for Qualea
rosea the mean result appears to be
less variable because of the narrower
interval of variation in mortality in the
last diameter class for this species.
Third, all the simulations indicate
that the initial number of trees of dbh >
60 cm will not recover within 50 years
after logging, the situation being of
greater or lesser concern depending
on the species. If the three species are
grouped together, 83.5% of the stock
could be back by the end of the felling
cycle. This is consistent with what was
indicated in GOURLET-FLEURY (2000)



where, for 17 species, a 81% recovery
rate after 50 years was found using
other methods. However, this masks a
79% rate for Dicorynia guianensis, a
93% rate for Qualea rosea, and a mere
58% rate for Sextonia rubra. The latter
species, in our view, deserves special
attention from the ONF insofar as for-
est management is supposed to con-
sider to biodiversity as well as sustain-
able timber production.

Clearing in the stand in plot 15 (control).
Photo J.-G. Jourget.

The models built up so far for
French Guiana are capable of giving
some indication about what the rota-
tion length should be, but whatever
their level of detail (based on distri-
bution or single trees, spatially
explicit or not), these indications are
only based on the recovery of whole
stands or groups of species clustered
according to certain behavioural cri-
teria.

In view of sustainable forest
management objectives that include
sustaining biodiversity as well as tim-
ber production, the ability to supply
predictions on particular species is
critical. The use of simple, non-regu-
lated matrix models seems to be the
most practical and efficient way to
achieve this goal and to answer the
two main questions addressed in this
paper. However, this should not be
done without caution:
= First, such models should not be
used to predict long term changes
after logging, in particular beyond the
first felling cycle. The loss of the ini-
tial diameter distribution shape is
rapid and can be a pure artefact,
resulting, at the end of a 50 year
cycle, in distributions that no longer
reflect the characteristics of the
species studied. This could be partic-
ularly true for species with local accu-
mulations of trees like Qualea rosea
and Sextonia rubra.
= Use should be made of the real
information available on the variabil-
ity of estimates of population dynam-
ics parameters, at least for diameter
increments and mortality rates. This
can be achieved by repeated simula-
tions with sampling of the parameters
in the interval of variations observed.
The mean result can thus be associ-
ated with meaningful confidence
intervals, to obtain assessments of
the risk taken depending on the
species considered. In the case of
French Guiana, results show that a
so-year felling cycle could ensure the
recovery of 83% of trees of dbh = 60
c¢m belonging to the three most valu-
able timber species. However, there
are high risks to the recovery of one
of them, Sextonia rubra, which will
probably deserve more careful log-
ging rules in future.
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