
                               

 

 

 

Modeling of the Angelique’s regeneration 

(Dicorynia Guianensis) 

 

Guerrere Vincent
1
, Petit Matthis

1
, Piquet Marie

2
, Sévelin-Radiguet Pauline

2
 

1
 AgroParisTech : Agropolis Campus,-648 rue Jean-François Breton-BP 7355-34086 Montpellier Cedex 4 

2 Université des Antilles et de la Guyane : Fouillole-BP 250-97157 Pointe à Pitre 
 

 

 

Abstract  

 

Reasoning on the future land use in the Amazon region and the Guiana must take care of 

the type of forestry applied in timber production area.  

The management of an important part of the Guyanese forest tries to strive to a 

sustainable exploitation. Sustainable management requires defining practices environmental 

respectfulness (low felling cut, wood removal…). The lake of knowledge on the local tree 

species and its regeneration impose to develop research.  

This study deals with the tree Angelique (Dicorynia guianensis), a large canopy tree 

species, and endemic to the French Guiana. This species is the first exploited and 

commercialized species in this region. This study complements the knowledge about the 

Angelique’s dispersion and regeneration on the first stages of seedling life.  

Different developmental stages were defined, and the seedling where sampled on three 

different isolated mature trees on the Paracou experimental site. The isolated trees allow 

defining a prior model of dispersion and recruitment on this species that is aggregate and 

gregarious. The spatialization of this sample permits to define dispersion for each stage by a 

gamma law and defining a global generalized linear model. 

Environmental distance dependant filter causes mortality on the first stages. The filter 

applied in the first 25 meters and is more expressed in the first 15 meters. This results in a 

more distant dispersal of the older stages. 
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1. Introduction 

 

In tropical forests managed for timber 

exploitation, the choice of the management 

parameters is crucial for forestry 

conservation. Sustainable forest 

management must ensure, at least, that 

recommended felling is compatible with 

the regeneration capacities of the species 

(Gourlet-Fleury et al. 2005). 

 

The Angelique (Dicorynia guianensis) 

is an endemic tree species, belonging to the 

Caesalpiniaceae, well represented in the 

French Guiana forest. It represents the 

largest part of the French Guiana wood 

production in a large range of use. It is the 

first commercial species (M. Bereau et al, 

2000).  

 

Because of its relative abundance and 

favorable wood properties, 20,000 m
3
 of 

logs of this species are felled each year in 

the managed forests of French Guiana 

(about 30% of the total wood production) 

(Hammond et al. 1996). 

 

 

Its abundance and its importance in the 

entire Amazonian region, conduct the 

Dicorynia guianensis (Angelique) to be a 

well known biological model. Huge 

scientific knowledge about the ecology and 

the biology of Angelique has been 

accumulated by previous studies. 

 

 

Many criterias and characteristics of 

the Dicorynia guianensis reproduction, 

germination and regeneration are known. 

The regeneration of trees depends on the 

seedling, the dispersion, the potential of 

germination, and the recruitment of future 

mature trees. These four factors are 

conditioned by environmental factors 

(climate, soil, parasitism…) and permit to 

define the tree process regeneration. 

 

Forest management and its 

sustainable uses expected to know the 

behavior of the cutting trees. Studies have 

provided informations on complex 

populations composed of several mature 

trees in a restricted area.  

 

Knowledge is already acquired on 

the ecology of the Angelique. It allows 

proposing and calibrating a model of 

recruitment from seeds, incorporating the 

spatio-temporal installation process, 

growth and mortality (Jesel 2005). 

Moreover, these studies have often focused 

on saplings or seeds but not on seedlings. 
 

 

We try to modelize data focusing only 

on seedlings first stages of an individual 

and isolated mast tree. The aim is to 

complement knowledge on the determinant 

of mortality process and parameters of the 

distribution, at the younger stages of the 

Angelique’s life. 

 

These axes are essential in the 

development of an Angelique regeneration 

model. It will help to know how the 

regeneration of this species occurs. 

 

This study therefore attempts to 

describe the spatial distribution of the very 

young seedlings of Angelique in the 

experimental site of Paracou on three big 

isolated mast Angelique (DBH>60cm). 

 

Modeling aspect is essential to 

understand the global behavior of the 

Angelique population and will lead to 

define a sustainable forestry management 

of the Angelique. 

 

At the population scale, is the local 

seedling's and sapling's mortality an 

important step for the demography and the 

spatial repartition of Dicorynia guianensis? 
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2. Material and Methods 

Dicorynia guianensis physiology 

D. guianensis is a large canopy tree 

species and the most important timber species 

in French Guiana (Hammond et al. 1996). 
The Angelique is found on all types of 

soils (Gourlet-Fleury et al. 2005) and 

shows spatial aggregation at the scale of 

50–100 m (Clark et al. 1999, Crespin et al. 

2001, Jesel 2005). Trees produce seeds 

after reaching 25 cm DBH (Diameter at 

Breast Height), during April and May 

(Jesel 2005) (Traissac, 2010. Comm. Pers.). 

Seeds are wind-dispersed in indehiscent 

flat pods. Anemochorie is not very efficient; 

seeds do not cover long distances, the 

majority of which fall within 30 m of the 

mother tree. This low dispersion involves 

an aggregate structure (Jesel 2005). 

Seedlings and saplings of this species are 

shade-tolerant, and need gaps to reach the 

canopy (Flores et al. 2006, Gourlet-Fleury 

et al. 2005, Jesel 2005, Leroy 2000). 

 

 

Experimental site location 

 

This study was conducted in the 

Paracou experimental station (5°18'N; 

52°23'W) (O.Flores et al., 2006), setting in 

1984, in French Guiana. Paracou is located 

in 40 km West of Kourou, on the coast 

(Figure 1). 

 

The 108 ha of this scientific station are 

divided in 15 parcels of 9 ha and 1 parcel 

of 25 ha (Figure 2).  Each parcel is divided 

into 4 squares with a buffer area on the 

periphery (Leroy 2000). In this station, all 

the trees with a diameter greater than 10cm 

and for some species greater than 1cm (as 

Angelique) were mapped thanks to the 

CIRAD database. For each of them, the 

geographic coordinates and developmental 

parameters (DBH…) are known. We used 

these referenced trees to localize our 

samples (Traissac, 2010. Comm. Pers.). 

 

 

Data collection 

 

We choose to work on three mature D. 

guianensis (called mother tree 1 / 420 / 523) 

and their offspring. They all are located in 

parcel 16, the biggest, of Paracou station. 

This parcel has never been exploited and is 

classified as untreated plot (Figure.2). We 

choose these three trees because of their 

relative isolated situation from the other 

mature Angelique. It permits to be sure that 

the seedlings observed belong the three 

trees studied. 

 
Figure 1. Paracou experimental site location (Jolivot 
2009) 

Sampling methods 

 

To get the best estimation offspring 

population estimation of our mother tree, 

we divided the sample area into 10 meters 

strips. Band by band, the sampling was 

conducted from the mother tree until 

obtaining a strip without any seedling or 

sapling. Then, we can estimated the entire 

population for each mother tree was 

sampled. 
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Figure 2.  Paracou plot treatment, « Parcelles témoins » means no forestry activities. (Jolivot 2009a)
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Before sampling, we defined three 

different arbitrary physiological stages: 

- Seedling stage 1 is defined by the 

presence of the first simple leaves 

(sometimes the cotyledons are still 

viewing). 

- Seedling stage 2 is defined by the 

presence of composed leaves, and a basal 

diameter equal or smaller than 1 cm. 

- Saplings stage 3 is defined by a basal 

diameter greater than 1cm (Figure 3). 

 

For each sample, we recorded the 

azimuth, the stage and the relative distance 

to its referenced tree, basal diameters for 

stage 2 and 3 are added. 

We completed our sample for the older 

stage by the CIRAD database, permitting 

to have a greater overview of the 

Angelique growth physiological behavior 

(until a diameter of 10cm). 

Data sampling and modeling 

1. Samples repartition and distribution   

Sample coordinates were calculated 

from reference trees to the mother trees. 

And from each coordinate, the distance to 

the mother tree were calculated and 

mapping (Annex.1, Figure 4) using ArcGIS 

software. We localized the mother trees 

and their samples in the parcel 16. It 

permitted to look if sample distributions 

are homogeneous and if they are equally 

dispersed around the mother tree. 

Sampling population data of each 

mother tree had been compiled to be more 

consequent and so statistically stronger. All 

our points had been distributed around an 

hypothetic mother tree (coordinates (0;0)) 

which allows to have bigger sample for 

each stage and to realize better analyzes.  

Data were explored with graphical 

ways of analyze. A histogram representing 

the number of saplings in function of the 

distance to the mother tree was drawn. 

Based on this representation, probability 

density functions had been fit on 

distributions observed. Non-parametric 

Kolmogorov and Smirnov test were 

applied to compare our results to empirical 

law distributions and to compare curves to 

each others. A general linear model 

permitted to quantify the stage's repartition 

distance to the mature tree. All tests 

applied here, accepted 5% relative error. 

2. Survival ratio estimation 

A second work looks for mortality 

filters applied on saplings survival along 

the gradient of distance to their mother 

tree. We did the proxy stages 1 could be 

considered as the initial pool of stages 2 

observed. A size population ratio (called 

Figure 3. Angelique sampling stage definitions. (Crespin 
et al. 2001) 
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survival ratio 1&2) was calculated between 

stages. Graph represents mortality applied 

on saplings in function of their distance to 

mature tree. It must be notice that we only 

worked on distances included between 0 

and 25 meters to the mother tree because 

of not enough remote data. Moreover, our 

hypothesis can bring some confusing 

results about survival. 

Kendal non-parametric test permitted 

to know if a correlation could be made 

between size sapling population's ratio of 

stage 2 on stage 1 (and stage 3 on stage 2) 

and distance to mother tree. Binomial tests 

finally estimated if each mortality observed 

at a specify distance if significantly 

different to the mortality's mean 

(independent of the distance to the mother 

tree.) 

3. Results 

Global observation of the 

distribution  

After a calculation of the sample 

coordinates from the reference trees to the 

mother trees, a map was created (Annex.1, 

Figure.4). And from each coordinate, the 

distance to mother trees was calculated.  In 

this map, the different stages of seedlings 

were detailed. We observe that the number 

of seedlings or saplings populations was 

different for each mother tree (Figure 5) 

Mother tree 1 420 523 

Stage 1 51 78 160 

Stage 2 53 6 66 

Stage 3 37 5 53 

Total 141 89 279 
 

Figure 5.  Mother tree sample population sizes: total & 
by stages 

 

The layering in a map (Figure & 

Annex) of the different mother trees 

sample, permit to appreciate a global 

distribution (Annex.2, Figure.6). The map 

shows a relocation of the sample on the 

west, and slightly attracted on West/North. 

We can also observe a bigger distance for 

the oldest stage; this point is detailed 

during the next statistical analysis.  

Statistical analysis and modeling of 

the different stages distribution 

The histograms (Figure.8), with 

distance class of 5 meters, permit a view of 

the global distribution of each stage. The 

boxplots (Figure.7) give the quartile 25 & 

75, and median dispersion of the distance 

for each stage.  

The maximum distance of dispersion 

is almost 50 meters. We can also notice a 

difference of median distance of dispersion 

between the different stages. A 

Kolmogorov and Smirnoff test shows if 

there is a difference of localization 

between each test : 

Figure7. Boxplots of different stage distributions. 
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- Stage 1 & 2: p-value=1.35e-7 

- Stage 1 & 3: p-value=5.32e-5 

- Stage 2 & 3: p-value=0.2 

There is a significant difference in the 

mean distance between stage 1 and the 

others, and no difference between stage 2 

and 3.  

 

The Figure 8 clearly shows that stages 

have different dispersion behavior around 

their mother tree: the more the 

developmental stage is evolved, the more 

they seem to be numerous at remote 

distance. All the samples of the stage 2 and 

3 started as stage 1.  

These histograms unable us to assess 

the distribution according to distance to the 

mother tree. And also develop a model on 

it. Intuitively those histograms seem to 

follow a gamma distribution. To test the 

validity of this law, a Kolmogorov and 

Smirnov test was executed. We obtained a 

significant test result for each stage, which 

demonstrates that each stage distribution 

follows approximately a gamma law 

(Figure): 

- Stage 1: p-value = 0.2719 

- Stage 2: p-value = 0.2743 

- Stage 3: p-value = 0.2757 

 

Figure 8. Histogram of distribution & gamma law for each stage. 

Population size 

Population size 

Population size 

Distance class (m) 

Distance class (m) 

Distance class (m) 
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Global model: 

The generalized linear model (glm) 

permits us to test and to describe the 

distance repartition for each stage. The 

gamma function is linked to the glm with a 

logarithm, which is a link corresponding to 

counting values. The residuals of the glm 

are presented in the Annex.3, Figure.9  

Di = µ + αi * St + εi 

- Di : the distance for each stage 

- St: the developmental stage  

- µ: the global distance repartition 

- αi  : the intercept adjustment for 

each stage 

- εi      Gamma (ki , Өi ), the residual 

error. 

We get  µ = 14.12; α1= -1.95; α2= 

3.39; α3= 1.50, with α1 significantly 

different than α2 (p-value=2e-16) and α3 (p-

value=3.46e-09). 

 

Quantification of the filters: 

The hypothesis of a stage 2 seedling is 

flowing from the stage 1, allows defining a 

survival rate (equally for stage 3 and stage 

2). This index is for each distance class the 

size ratio of an upper stage on the younger 

stage (stage 2/stage 1 & stage 3/stage 2).  

The graph (Figure.10) of this index 

enables to appreciate the effect of the 

survival rate (filter) as the function of 

distance. 

The Kendall Correlation analysis 

unable us to test the trend of the survival 

rate along the distance from the mature 

Figure10. Survival rate in function of distance class for stage 1 and stage 2. 
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tree.  

- Stage 2/1: p-value = 0.01667 

- Stage 3/2: p-value = 0.4833 

 

From 0 to 25 m, the stage 1 survival 

ratio is positively related to the distance to 

the mother tree. The test is not significant 

for the ratio stage 3 on 2.  

The continuous line represents the 

maximal survival: there is no stage 1 

mortality. Values bigger than 1 underline 

the limits of our assumption which state 

that all the stage 1 observed represents the 

background of the stage 2 observed.  

 

We applied a binomial test (Figure.11) 

on the stage 1 survival ratio on the first 25 

meters to the mother tree. For each 5 

meters of distance range, we tested to see if 

there is a difference from the global 

survival rate of 0.43 (H0, represented in 

the graph by the dotted line) and to the 

maximum survival rate estimate to 1 (H’0, 

represented in the graph by the continuous 

line ). 

St2/St1 0 to 5 5 to 10 10 to 15 15 to 20 20 to 25 

0,43 4.67e-005 2.97e-6 0.716 0.001 / 

0,43 H1 H1 H0 H1 / 

1 2.2e-16 2.2e-16 2.2e-16 2.2e-16 / 

1 H’1 H’1 H’1 H’1 / 

Figure11. Result of the binomial test of the class rate 
concordance with the population survival rate (0.43) 
and the estimate rate of 1. 

The survival ratio in the two first 

distance range is significantly smaller than 

H0. From 10 to 15m, the survival ratio is 

not significantly different than the H0. 

From 15 to 20m, the survival ratio is 

significantly bigger than the H0 ratio. After 

25m distance, the trend is erratic; no 

general conclusion can be drawn. All the 

ratio in the first 25 meters distance range 

are significantly smaller than 1. 

3. Discussion & conclusion 

Results analysis 

The sample cloud dispersal is closely 

linked with the wind direction and the date 

of mast-fruiting. Actually, the Angelique 

produces and disperses seeds during April 

and May (Jesel 2005), (coms. Pers. 

Traissac & Burban, 2010), this date 

corresponds prevailing winds from 

South/East; created by the anticyclone of 

St Hélène Trade Wind (Poixblanc 2001). 

The Angelique has an aggregate 

regeneration. Actually, the maximum 

distance of dispersion is about 50 meters, it 

agrees with other research on this species 

(Crespin et al. 2001, Jesel 2005, Leroy 

2000). The scattering of seeds, their 

survival and the installation of the young 

stages are near the reproductive tree. 

Nevertheless we can observe a 

difference in the location of the different 

stages with the mother tree. The stage 1 is 

closer than the older stages which show no 

difference between them. We can also 

suppose that mortality rate is higher to 

seedling closed to the mother tree. The 

younger seedlings are more sensitive than 

the older.  

The analysis of the survival rate 

suggests a link with the distance for the 

stage 1 trees. The environmental filter 

(mortality) is more pronounced at the 

proximity of the mother tree and follows a 

decreasing gradient with distance to the 

mature tree. The analysis of the older stage 

doesn’t suggest the same trend, the 

mortality filters are more variable, 

stochastic and less important.   

Associated with the Kendall correlation, 

binomial tests state the increase of the 

stage 1 survival ratio along the first 25 

meters. The more a seedling grows near the 

reproductive Angelique, the more their 

death occurs. The ratio tends to 1 near 25m 
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distance. Distance dependant mortality 

exists for Angelique and applies on the first 

25 meters. 

Method and sample critics 

It is important to underline that 

different source of data were used, 

especially on the diameter parameter. 

Actually, data ground samples use a base 

diameter and data issue from CIRAD 

databases, the oldest stage, use DBH. The 

sampling method is not totally regular; 

nevertheless it occurs no bias in the stage 

creation. A DBH of 2 cm has at least a base 

diameter of 2 cm. And the low importance 

of those population sizes should not have 

bias our results.  

To get the survival ratio along the 

distance, we used 5 meters range distance. 

This precision corresponds with the data 

sampled, and permits a tradeoff between 

showing the general trend and avoiding 

parasitic variability.  Other distance range 

values did not impact the value of the 

decrease of the stage 1 filter. The distance 

mortality dependant was always showed 

before 25m, but not clearly after 25m.   

However, weakness of the sample size 

does not permit to perform a detailed 

analysis after 25 m and on the oldest stage. 

A performing of this analysis needs a 

bigger sample. In this study, the number of 

stage 2 and 3 is too low for significant 

statistical analysis. In future studies, we 

should double at least the number of 

mother trees to have a more integrative 

sample.  

A comment can be made on our 

hypothesis which said that stages 1 could 

be considered as the initial pool of stages 2 

observed. It’s important to notice that our 

hypothesis can bring confusing results 

about survival and approximates the reality. 

It is necessary to know limits of our 

reasoning to understand ecological process 

considered here.  

Expand the time scale over several 

years could be interesting. It permits to 

observe the evolution of a single seedling 

through time and measure real survival 

ratio. 

The three trees studied showed very 

different dispersal behavior. The mother 

tree n°1 is especially different from the 

others, the 3 stages were almost present in 

the same quantity. Whereas, for the two 

others mature trees, the decrease from 

stage 1 to higher stages is obvious. This 

variability has not been studied here 

because of the sample size. It should be 

considered and analyzed in next studies. 

This gradient of mortality applied on 

saplings survival could be caused by 

predator pressures. Although that it had 

already showed that invertebrate seed 

predators (insects, birds and arboreal 

mammals) are major agents of seed 

destruction in tree crown (Crawley 2000), 

few studies treated of seedling mortality on 

the soil (Forget. 1988, Loubry. 1994b). A 

pressure predation gradient could be 

supposed to explain the seedling mortality 

gradient. Like for many legumes, the more 

the seeds are locally abundant, the more 

predators could find and eat them in 

important quantity (less time research, less 

mobility to obtain resources, and so less 

energy used to survive and growth…).This 

could explain why mortality is more 

efficient around the mature tree, where 

young stages are numerous. A "fat tail" 

event could be accord to this theory, giving 

more probability to survive for far 

dispersed seedlings because of the 

remoteness to the main pool agglomerated 

seeds. To verify this hypothesis, 

prospection area must be expand of few ten 

meters. This species might adapt his 

fructification to regulate his dissemination 

by mast fruiting to satiate predators. 

This study adds knowledge about the 

young stage of seedling regeneration of the 

Angelique species. These are important for 

a sustainable forestry itinerary and 

resource conservation aspects. We were not 

able to define a real model of recruitment; 

nevertheless it might lead to future 

experimentations. 
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Annex.1

Figure 4. Global mapping of Angelique population (Dycorinia Guianensis) parcel 16 of Paracou experimental site. (Guerrere 
et al. 2010) 
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Annex 2:   

 

Figure 6. Angelique sample localization mother centered (Dycorinia Guianensis) - Parcel 16 of experimental site of 
Paracou French Guiana. (Guerrere et al. 2010) 
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Annex.3 

 

 

 

Figure 9. Graph of GLM residuals. 


