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Studying a fire experiment for conservation management of savannas 
at Pripris de Yiyi 
Abstract 
Tropical savannas, which have a bigger chance to transform into forests, are important to 

conserve, because of their high biodiversity. The use of fire has been considered a well-known 

method for the conservation of savannas. To know whether this method is suitable for the 

savannas in French-Guyana, this article will focus on a fire experiment in order to explore the 

effects on the evolution of the savanna within time. The study area is the savanna of the Pripris 

de Yiyi in French-Guyana. This area was divided into three large parcels, where an inventory on 

species was executed before and after the fire experiment, using the method of Braun-Blanquet. 

The results show that there are dissimilarities between the parcels before and after the fire 

experiment. It can be concluded that the fire does have an impact on the evolution of savannas.  
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Introduction  
In this article the focus will mainly be on a 

fire experiment conducted in a savanna area 

at French-Guyana. French-Guyana, located 

in South-America, covers an area of 86,504 

km2. It is a country that has an equatorial 

climate, with average temperatures of 27°C 

and 70 to 90% humidity. French-Guyana is 

part of the Amazon Rainforest and has some 

unique ecosystems, which are among the 

richest and most fragile in the world: 

primary tropical forest, mangroves, wetland 

area and savannas (Jérôme Petit & 

Guillaume Prudent 2008). 

The study described in this article will 

mainly focus on savannas. Savannas are 

communities with a continuous herbaceous 

layer usually dominated by grasses and a 

discontinuous layer of trees or shrubs (David 

W. Peterson & Peter B. Reich 2001). 

Tropical savannas are considered to be 

important, because of their high biodiversity 

due to climatic factors. Higher energy levels 

from the more intense sunrays reaches the 

tropical ecosystems and the tropical 

temperatures and humidity do not vary as 

much over time, as they do in higher 

latitudes. In French-Guyana 0.3% of the 

country is savanna territory (A. Stier 2012). 

There are 800 species present in this 

savanna territory and they cover 16% of all 

botanical species in French-Guyana (Leotard 

2012). The high biodiversity in tropical 

savannas is a considerable reason to 

conserve it. The ability of doing this, 

depends on a well-functioning management 

plan. One method, mostly written in 

scientific articles for conserving savannas, is 

the use of fire. 

According to a research conducted in the 

cerrado of Brazil, the correct and effective 

use of fire could bring many environmental 

benefits like stimulating certain plant 

species to increase the vigour of particular 

herbaceous species, enhance nutrient 

recycling, control invasive species and 

maintain biodiversity (Jayalaxshmi Mistry et 

al. 2005).  In the history, savannas have 

been mostly modified by natural fires, but 

nowadays many tropical savannas are 

maintained by frequent human-made fires 

(Adriana G. Moreira 2000). The indigenous 

people living in the cerrado of Brazil use 

fire to manipulate the landscape and its 

resources at various times of the year. They 

burn the savanna for many reasons such as 

to cultivate, hunt, harvest natural resources 
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and for aesthetic reasons. This is also the 

case in French-Guyana. It may be concluded 

that indigenous burning can possibly benefit 

the savanna’s ecosystems. Nevertheless, the 

government sectors in Brazil deter fires in 

the cerrado, because of their perceptions 

and misconceptions about the effects of fire 

on natural ecosystems (Jayalaxshmi Mistry 

et al. 2005). 

When the frequency of savanna fire reduces, 

this may lead to significant structural 

changes such as the increase in tree density, 

canopy cover and succession toward more 

fire-sensitive and shade-tolerant overstory 

species (David W. Peterson & Peter B. 

Reich 2001). Savanna fires keep tree cover 

low and prevent forest to intrude on 

grassland (Morgan Kelly 2011). Plants and 

animals that occur in a forest or savanna 

often cannot transition from one habitat to 

the other. There is a risk of losing endemic 

plants and animals, if conservation actions 

are not taken into account. The loss of 

savanna to forest is as ecologically traumatic 

as deforestation is (Morgan Kelly 2011). 

There is not much information about 

research on the use of fire for conservation 

purposes in French-Guyana. Therefore, a 

fire experiment was carried out by the 

Society for the Study, Protection, and 

Development of the Nature Environment in 

French-Guyana (SEPANGUY) in 

collaboration with the Group Studying and 

Protecting birds in Guyana (GEPOG). The 

implementation of this experiment was 

funded by LIFE+, which is an European 

Commission that contributes to the 

development and implementation of policy 

and environmental law. The questions in this 

study will have to answer the impact of the 

fire experiment on the evolution of the 

savanna in the time.  

Methods 
Study area 
The area where the fire experiment was 

carried out is located between Iracoubo and 

Sinnamary in French-Guyana, named Pripris 

de Yiyi. Pripris de Yiyi is a protected 

wetland and belongs to one of the sites of 

the Ramsar Convention. The Ramsar 

Convention on wetlands is an 

intergovernmental treaty and works to 

conserve various habitats whose common 

point is that they are recognized worldwide 

as being an ecological interest. The name 

“Pripris de Yiyi” is derived from the 

estuaries of the Sinnamary and Iracoubo 

rivers which are called Yiyi marshes or 

pripris. This protected wetland covers 

various characteristic environments like 

savanna, forest, marshes and creeks 

(Mathieu Entraygues, 2007). The Coastal 

and Lakeside Protection Agency decided to 

protect Pripris de Yiyi, so nobody was 

allowed to conduct any human activities. 

However, when they discovered that the 

forest began to take over the savanna, they 

agreed on executing the fire experiment in 

the savanna. Prior to the fire experiment, 

this area was never burned before. 

Nowadays, there is a discovery trail for 

people who want to visit this site, since the 

Coastal Protection Agency decided to open a 

part of the zone to the public. 

 

Experimental design and inventory 
The fire experiment was conducted on 

savanna area with a size of 174x80m. This 

area was divided into three large parcels of 

80x50m.: PT, P1 and P2. Within each of 

those parcels there are 12 small plots of 

5x5m. Among and between the parcels, 

there is a space margin of 8m. to prevent fire 

to move from one parcel to the other. This 

border is called the “firewall”. The trees 

present in the “firewall” were planned to be 

removed, preventing the fire to move from 

one parcel to the other. Nevertheless, the 

plan changed due to the discovery of 

protected species present in this area such as 

the Actinostachys pennula. 
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Three types of treatment were implemented 

on the three large parcels. In the first 

treatment no fire was lit. The parcel with 

this treatment is called the “control” (see 

annex 4 zone Témoin, P. Silland  

R. Girault 2014). The second treatment is 

where there is only one fire during three 

years (see annex4 zone 1) and the third 

treatment is where there is one fire in one 

year (see annex 4 zone 2). To explore the 

effect of the fire experiment on species 

diversity, an inventory was carried out in 

three different times (time zero, time one 

and time two). Time zero (T0) is the time 

when the fire experiment had not started yet. 

Time one and time two are the times after 

the first fire. The difference is that time one 

(T1) is one year after the first fire and time 

two (T2) is two months thereafter.  The first 

species inventory was conducted before the 

fire experiment. The second inventory was 

done in the rainy season one year after the 

first fire and the third inventory was two 

months after the second inventory during 

dry season. The method used for the 

inventory was the method of Braun-

Blanquet (see annex 5). For this method, 

five types of strata were chosen to explain 

the architecture of vegetation: h(0-20cm), 

H(20-120cm), a(120-300cm), A(300-

500cm) and AA( > 500cm).   

 

Statistical analyses 
The data of recovery and the data of 

presence/absence were used for the 

statistical analyses. They were studied with 

the packages vegan (J. Oksanen et al. 2013) 

and labdsv (David W. Roberts 2013) in the 

R software (R Core Team 2014). The index 

of Braun-Blanquet was transformed in 

percentage with the method of Gillet (2000).  

The function “adonis” of the labdsv package 

was used to compare the parcels in the time 

(Anderson M. J. 2001) with the data of 

presence/absence. First, the three parcels 

were compared with each other before the 

fire (at T0). The purpose of doing this, is to 

confirm whether the parcels are similar or 

not. The evolution of each parcel within the 

time was also analyzed.   

When it comes to ecological abundance data 

collected at different sampling locations, the 

Bray-Curtis dissimilarity is one of the most 

well-known ways of quantifying the 

difference between samples. The distance of 

Bray-Curtis represents the diversity beta and 

is an index of dissimilarity. If the index is 0, 

the parcels are similar and if the index is 1, 

the parcels don’t have any species in 

common. This method was used to estimate 

the distance of dissimilarity between the 

three parcels in T0, T1 and T2. This analysis 

was done, using two kinds of data: recovery 

data of strata “h” (0-20cm) and the data of 

the strata having the best recovery in each 

species and each plot. In the second case the 

chosen strata in each species and each plot 

were normalized with the mean of the total 

recovery of the plot.  

To explore the typical indicative savanna 

species, that are present in each parcel, 

during the time, the “indval” code in R was 

used (Dufrene M. and Legendre P. 1997) 

with the recovery data. The identified 

species were then compared with an existing 

list of species that prefer to grow in forest or 

savanna in Pripris de Yiyi. This list has been 

made by Remi Girault, who works at 

SEPANGUY and used former data of the 

area. The values estimated in this list were 

done using the equation: affinity score = 

log(presence in forest/presence in savanna). 

A negative value means that the species 

prefers to grow in savanna and a positive 

value means that the species prefers to grow 

in forest.  

Rare species have been cut out of the whole 

inventory data in order to prevent them from 

influencing the analyses. The rare species 

are considered to be the species that appear 

just one time in one plot during T0. The 

identified rare species were then removed 
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for T1 and T2. With the new list of species 

these analyses have been carried out: 

distance of Bray-Curtis and indicative 

species.  

Results 

Comparison between parcels and time 

The parcels were compared by looking at 

the presence and absence of species in the 

time. See annex 1 for the table with an 

overview of the different comparisons 

made.   

Each parcel consists of 12 plots from which 

three plots are covered by forest and the nine 

remaining plots are covered by savanna. The 

three parcels were compared in T0, taking 

into account all the plots inside these parcels 

(see annex1 #1). The results indicate 

similarity between the three parcels in 

T0.  After this, all the plots which appear 

within the forest were removed and the 

parcels were compared again (see annex 1 

#2). This resulted in differences between the 

parcels. After this, the parcels were 

compared with each other in the time, taking 

only into account the plots that appear 

within forest (see annex1 #3). This has 

shown no differences between the parcels in 

the forest.  For further analyses it was 

decided to only use the data of the 27 plots 

covering the savanna and reject the 9 plots 

covering the forest. For PT, P1 and P2 the 

comparison was made for T0, T1 and T2 

(see annex 1 #4, 5, 6). This analysis 

indicates differences for P1 and P2 

separately, but no difference for PT.  

 

Distance of Bray-Curtis 

For the index of Bray-Curtis, the three 

parcels were compared with T0, T1 and T2 

taking into account the recovery of species.   

 
Graphic1. Index of Bray-Curtis in the time 

The triangles show the distance of Bray-

Curtis (BC) estimated with the recovery data 

of strata “h” (0-20cm). Strata “h” has been 

chosen, because it is the most representative 

strata that includes all the species. The 

distance of BC has been calculated with 

three distances between the parcels. 

According to graphic 1, the distance of T0 is 

close to zero, which means that the three 

parcels are more or less similar to each 

other. The distance of T1 is further away 

from zero and the three parcels are 

considered to be more different from each 

other. T2 seems to be similar as T1, which 

means that the three parcels have the same 

dissimilarity as in T1.  

The rectangles show the distance of Bray-

Curtis (BC) estimated with the strata that 

has the best recovery in each species and 

each plot. The distance of BC has also been 

calculated with three distances between the 

parcels. According to graphic 1, the distance 

of T0 is not close to zero, which means that 

the three parcels are dissimilar. The distance 

of T1 is higher than T0 and the three parcels 

are considered to be more different from 

each other than in T0. T2 seems to be a bit 

higher than T1, which means that the three 

parcels are more different from each other 

than in T1.  
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The case of the circles are almost the same 

as the rectangles. The difference is that it 

was only calculated with two distances 

between the parcels: the distance between 

P0 and P1 and the distance between P0 and 

P2. The distance of Bray-Curtis (BC) was 

estimated using the same data as the case of 

the rectangles. According to graphic 1, the 

distance of BC in T0 is not near to zero, 

which means that the three parcels are 

dissimilar. The distance in T1 is higher than 

T0, so the three parcels are considered to be 

more different from each other than in T0. 

The distance in T2 seems to be a bit higher 

than T1, which means that the three parcels 

have a higher dissimilarity than in T1.  

Index of Bray-Curtis without rare species 

The index of Bray-Curtis was also estimated 

without taking into account the rare species. 

This has been done to see if the difference of 

the parcels within the time is caused by the 

rare species.  

Graphic 2.Index of Bray-Curtis without rare 

species  

According to graphic 2 there seems to be a 

high dissimilarity without rare species. The 

dissimilarity is almost the same in the time. 

It is also the same when using three 

distances (rectangles) and two distances (PT 

with P1 and P2 seperately). 

 

Indicative species in each parcel 

The species that has a p-value below 0.05 

were kept. See annex 2 for the table with the 

indicative species in each parcel.  

In the tables of annex 2 and annex 3, the 

indicative species are shown with a value 

that indicates whether they are a species that 

prefer to grow in forest or in savanna. If the 

value is positive, the species prefers forest 

and if the value is negative, the species 

prefers savanna. NA means that for this 

species the calculation was not done.   

 

Architecture of the strata 

To see how the parcels have been changing 

in terms of recovery of strata, a comparison 

was made using data before and after the 

fire. 

P1 and P2 were compared separately 

between T0, T1 and T2 to see how the 

recovery of the strata has been changing. 

First, strata “A” (300-500cm) was taken for 

P1. Using the “adonis” formula, this showed 

that there is not enough data to do the 

statistical test. This was the same case with 

P2. For this reason, the strata “a” (120-

300cm) has been chosen to do the analyses. 

With the “adonis” formula, this showed a p-

value of 0.001 in P1, which means that there 

is a difference between the three times. After 

this, the total recovery of these strata was 

estimated and it seems that it is increasing 

within the time (see table 4). 

For P2, the “adonis” formula could not be 

applied, because the data was not sufficient 

enough. However, the total recovery was 

still estimated and this showed that the 

recovery of strata “a” in P2 decreases within 

the time (see table 1). 

 

Table1. Total recovery of strata “a” in 

different times 

Parcels  T0 T1 T2 p-value 

P1 261.9 288.3 318.2 0,001*** 

P2 282.1 159.3 100.3 NA 
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Discussion  

The data that was gathered for this study 

was taken at the middle stage of the 

experiment. Therefore, it is not always 

possible to give fair explanations for each 

analysis.  

 

Comparison between parcels and time 

When the three parcels were compared 

within T0, there seemed to be no differences 

between the parcels. The parcels were then 

compared, taking into account only the plots 

covering savanna. This showed a difference 

between the parcels, which means that the 

plots covering forest plays a role in the 

similarity of the parcels. This was proven, 

after the parcels were compared again 

including only the plots covering forest. It 

has been noticed that these plots in the 

parcels were not able to burn. The results 

showed that there are no differences 

between the parcels. Therefore, it was 

decided to only use the data of the plots 

covering savannas for further analyses. 

The parcels were also compared within T0, 

T1 and T2, leaving out the plots covering 

forest. For PT there was no difference in the 

time, because this parcel was never burned. 

P1 and P2 have shown differences in the 

time, because the fire has changed the 

species composition. 

 

Distance of Bray-Curtis 

According to graphic 1, the dissimilarity 

between the parcels increases in the time. 

Between T0 and T1 the differences are 

much greater than between T1 and T2. This 

can be explained by the fact that T1 and T2 

just differ two months from each other, 

while T0 and T1 differ almost a year with 

each other (before and after fire).  

The distance between P1 and P2 is below 

the distance of PT with P1 and P2 

separately, because P1 and P2 are almost 

similar due to the same treatment (one fire 

per year). When we remove the distance 

between P1 and P2 and take into account the 

distance of PT with P1 and P2 separately, 

the dissimilarity in T1 and T2 seems to 

increase (see circles in graph 1).  

However, in T0 the distance between P1 and 

P2 are similar with or without their distance. 

This means that the dissimilarity in T0 

between the three parcels is the same (see 

circle in T0). This can be explained by the 

fact that there was no fire yet during T0.  

In the case of the triangle, where the data of 

strata “h” was used, the dissimilarity seems 

to be reasonable. However, using the data of 

strata “h” does not include the recovery of 

all strata, so this may be not very 

representative. 

 

Distance of Bray-Curtis without rare species 

According to graphic 2 it seems that the 

circles and the rectangles are close to each 

other. This can be explained by the presence 

of the common rare species in P1 and P2, 

which shows that the two parcels are more 

similar.  

Indicative species 

The indicative species that doesn’t have an 

affinity score will not be discussed here.  

In T1-PT, the Scleria bracteata normally 

prefers to grow in savanna, but since it also 

appears in T0 (where there was no fire yet), 

it is not reasonable to say that this is a 

typical savanna species. Previous study of 

savanna in French-Guyana shows that there 

are different types of savanna, but no 

indicative species of “good” savanna were 

found (rapport final C4, A. Stier 2012). This 

means that there is no existing list of 

indicative species to compare with. This is 

the reason why it is impossible to conclude 

that the identified indicative species in this 

study are typical species for savanna.  

In T1-P1 and T1-P2, there are only 

herbaceous species as indicative ones. This 

can be explained by the fact that after the 

fire, the herbaceous species, which are 
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annual species, grows faster than others. The 

fire prevents the growth of trees and shrubs.   

 

Analyses without rare species 

Because a lot of indicative species were 

identified, it was decided to do the analyses 

without the rare species. In T0, there are a 

lot of indicative species, which means that 

the parcels are not similar. This is one more 

test that shows the same result as the 

distance of BC and the “adonis” formule 

that was used to compare the difference 

between parcels in the time.  

The same species seem to occur in the table 

of indicative species with and without the 

rare species.  In T0 and T1, all the parcels 

have the same species with or without the 

rare species.  This means that none of this 

species are rare. The Mandevilla hisuta 

appears in T1-PT, but it has no preference 

for forest or savanna, so it’s not important to 

take into account.  

In T2, there are two new indicative species: 

Spermacoce capitata and Ilex guinanensis. 

Spermacoce capitata is present in savanna 

and has a value of -0.57 (see annex 3). This 

is an expected value, because it prefers 

savanna. However, Ilex guinanensis with a 

value of 0.58 prefers to grow in forest, but 

was observed in a parcel that was burned. 

This can be explained by saying that this 

species may be resistant to fire. To be 

confident about this, it is important to 

explore this at the end of the study. 

 

According to the two tables (with and 

without rare species), it can be said that it is 

not necessary to remove the rare species, 

because it seems that the results are the 

same.  

 

Architecture of the strata 

Because the data is not sufficient enough to 

use the Adonis formula, it was not possible 

to do a statistic approach. The increase of 

the total recovery of the strata “a” in P1 may 

be explained by the presence of species, 

which are resistant to fire. The decrease of 

the total recovery of strata “a” in P2 has 

been expected, because this strata includes 

more shrubs, which are perennial species 

who need more time to grow.  

To have a better understanding of the 

architecture of the strata, it is important to 

have a look at this, at the end of the 

experiment. The impact of fire is possibly 

remarkable at a later stage. 

 

Conclusion 
According to the three tests (distance of 

Bray-Curtis, the use of adonis formule and 

indicative species), it can be concluded that 

it is not possible to compare P1 and P2 with 

PT, because they are different in T0. 

Therefore, it is better to just compare P1 and 

P2 in the time. The impact of the fire is 

measured with the initial state of the study 

area (when the savanna began to disappear), 

which is not a good reference to formulate a 

good conclusion.   

Parcels are dissimilar at T0, but the 

dissimilarity increases in T1 and T2, so the 

fire does have an impact on the diversity in 

savanna. The big question that had to be 

answered is if the use of fire is a good 

treatment for conservation of savanna. This 

question cannot be responded for the 

moment, because the P1 and P2 still have 

the same treatment. In French-Guyana there 

is no reference of a “good” savanna, so it’s 

impossible to say that in this study the 

savanna of Pripris de Yiyi is a good 

savanna. Finally, it can be said that in order 

to formulate final conclusions, it is 

important to do the same analyses again at 

the end of this experiment.  
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Recommendation 
Before doing another fire experiment, it is 

important to locate a real savanna area in 

order to have a good reference.  

To find a good method for conserving 

savanna it is recommended to do another 

study looking at the impact of fire on 

savanna and the impact of cutting down the 

trees in savanna. To find good indicative 

species for the savanna at the end of this 

study, it is recommended to have an existing 

list of typical savanna species.  
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Annex 

Annex1. Overview of comparisons 

# Parcel  Time Remarks *P-value 

of 

Adonis 

Results 

comparison 

1 PT, P1, 

P2 

T0 All plots within the parcels were 

included 

0.204 No difference 

2 PT, P1, 

P2 

T0 All plots appearing within forest are 

removed 

0.002 Difference 

3 PT, P1, 

P2 

T0, T1, 

T2 

Only plots appearing within forest 

are included 

0.287 No difference 

4 PT T0, T1, 

T2 

All plots appearing within forest are 

removed 

0.218 No difference 

5 P1 T0, T1, 

T2 

All plots appearing within forest are 

removed 

0.001 Difference 

 

6 P2 T0, T1, 

T2 

All plots appearing within forest are 

removed 

0.001 Difference 

*Adonis is the formula which is used to see the difference between the parcels. H0 means that the 

parcels are similar. If the p-value is under 0.05, H0 will be rejected. If the p-value is above 0.05, 

H0 will be accepted. 
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Annex 2. Overview indicative species  

Indicative species 

Time Parcels Species Type vegetation Affinity score 

T0 

PT 

Adiantum serratodentum fern 0.37 

Scleria bracteata herbaceous NA 

P1 Leptocoryphium lanatum herbaceous NA 

P2 

Bulbostylis stenocarpa herbaceous NA 

Paspalum pulchellum herbaceous NA 

Trachypogon spicatus herbaceous NA 

T1 

PT 

Adiantum serratodentum fern 0.37 

Amasonia campestris small shrub -0.07 

Clusia nemerosa small shrub 0.12 

Scleria bracteata herbaceous -0.43 

Tococa guianensis herbaceous 0.36 

P1 

Aristida torta herbaceous NA 

Ayapana amygdalina herbaceous -0.74 

Leptocoryphium lanatum herbaceous NA 

P2 

Clidemia sericea herbaceous -1.03 

Hyptis atrorubens herbaceous NA 

Microstachys coniculata herbaceous NA 

Trachypogon spicatus herbaceous NA 

T2 

PT 

Adiantum serratodentum fern 0.37 

Blepharodon nitidus herbaceous vine 0.13 

Scleria bracteata herbaceous -0.43 

P1 

Ayapana amygdalina herbaceous -0.74 

Paspalum pulchellum herbaceous NA 

Leptocoryphium lanatum herbaceous NA 

Tibouchina aspera herbaceous -0.54 

P2 Trachypogon spicatus herbaceous NA 
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Annex 3. Overview indicative species without rare species 

Indicative species without rare species 

Time Parcels Species Type vegetation Affinity score 

T0 

PT 

Adiantum serratodentum fern 0.37 

Scleria bracteata herbaceous -0.43 

P1 Leptocoryphium lanatum herbaceous NA 

P2 

Bulbostylis stenocarpa herbaceous NA 

Paspalum pulchellum herbaceous NA 

Trachypogon spicatus herbaceous NA 

T1 

PT 

Adiantum serratodentum fern 0.37 

Amasonia campestris small shrub -0.07 

Clusia nemerosa small shrub 0.12 

Mandevilla hirsute herbaceous vine -0.001 

Scleria bracteata herbaceous -0.43 

Tococa guianensis herbaceous 0.36 

P1 

Aristida torta herbaceous NA 

Ayapana amygdalina herbaceous -0.74 

Leptocoryphium lanatum herbaceous NA 

P2 

Clidemia sericea herbaceous -1.03 

Hyptis atrorubens herbaceous NA 

Microstachys coniculata herbaceous NA 

Trachypogon spicatus herbaceous NA 

T2 

P1 Spermacoce capitata herbaceous -0.57 

P2 Ilex guinensis small shrub 0.58 
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Annex 4. Experimental design 

 
  



14 
 

Annex 5. Index of Braun-Blanquet and transformation in % (Gillet 2000) 

Braun-Blanquet 
index 

Number 
associate 

**Rec. Minimum 
(%) 

**Rec. Maximum 
(%) *R (%) 

r 0.1 0 0.1 0.03 

+ 0.5 0.1 1 0.3 

1 1 1 5 3 

2 2 5 25 14 

3 3 25 50 32 

4 4 50 75 57 

5 5 75 100 90 

*The formule to obtain R  =  0 034* number associate ² 

**Rec= recovery 

 

 

 
 


