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A B S T R A C T   

Perennial grasses are the main source of fuel during fires in savannas. The demography of these grasses likely 
varies between species although they have the same general architecture and coexist in savannas. However, very 
few studies compare their demography. Similarly, their demography likely varies between years because of the 
variability in weather condition and fire intensity. We described and compared the demography and life-cycle of 
the four dominant perennial grass species (Andropogon canaliculatus, Andropogon schirensis, Hyparrhenia diplandra 
and Loudetia simplex) of the Lamto savanna (Ivory Coast) and assessed the influence of their demographic fea
tures (stasis, fecundity, growth, fragmentation and retrogression) on this demography. Grass species were 
monitored over three consecutive years (2015–2016, 2016–2017 and 2017–2018) on three 5 m × 10 m plots. We 
used a size-classified matrix model with 5 circumference classes (3–10 cm, 10–20 cm, 20–35 cm, 35–50 cm and 
>50 cm). Results showed differences in the age-based parameters, asymptotic growth rates (λs) and elasticities of 
the λs of the grass species. The population of A. canaliculatus, A. schirensis and H. diplandra were slowly declining 
while L. simplex was significantly declining. There were noticeable year-to-year variations in the demography of 
these four species. The most important demographic parameter influencing λs was the stasis in all species, while 
retrogression and fragmentation contributed to a relative homogeneity of ages between size-classes 2 to 5. This 
study provides new insights about the demography of Guinean savanna grasses that could be used to describe the 
mechanisms of their coexistence, and inform fire management policies.   

1. Introduction 

In humid tropical savannas, the grass stratum is dominated by 
perennial C4 tussock grasses representing 75–90% of the total above 
ground biomass (Menaut and Abbadie, 2006; Shea et al., 1996) and is 
the main source of fuel for fire (Savadogo et al., 2007; Whelan, 1995). 
This grass community is composed of 10–15 species (Abbadie et al., 
2006; Tessema et al., 2016) that have contrasting relative abundances 
but tend to have the same general architecture. Indeed, they consist of 
large tussocks (with a circumference up to 150 cm) that can exceed 2 m 
in height at the end of the rainy season (Koffi et al., 2019a, 2019b; 
Menaut and Abbadie, 2006; N’Dri et al., 2018). Though the demography 
of savanna trees (Hoffmann, 1999; Stokes et al., 2004) and even palm 

trees (Barot et al., 2000) has often been studied, the demography of 
these perennial grasses has been much rarely documented. Indeed, most 
studies using stage-classified matrix models to describe the demography 
of herbaceous perennials deal with forbs (Jongejans and De Kroon, 
2005; Salguero-Gómez and De Kroon, 2010). Only a few studies have 
assessed the demography of grasses, particularly West African perennial 
species (Garnier and Dajoz, 2001; Schleuning and Matthies, 2009; Silva 
et al., 1991). 

Matrix projection models are one of the most widely used tools to 
compare the demography and life-cycles of different animal and plant 
populations (Caswell, 1989; Crone et al., 2011; Silvertown et al., 1993) 
or of a single species in different environments (Salguero-Gómez and De 
Kroon, 2010; Silvertown et al., 1993). While age-classified matrix 
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models are usually used for animals, stage or size-classified matrix 
models are usually used for plant populations (Caswell, 2001). These 
matrix models constitute powerful analytical tools (Barot et al., 2002; 
Caswell, 2001; Cochran and Ellner, 1992), especially when: (1) survival, 
growth and reproduction depend more on size than on age (Harvell 
et al., 1990), (2) there are different modes of reproduction and (3) the 
age of individuals is difficult to determine (Huenneke and Marks, 1987). 
Savanna perennial grasses are typical examples of plants exhibiting 
these traits (Lauenroth and Adler, 2008; O’Connor, 1993). 

While we have already published data on the demographic param
eters of perennial grasses of the Lamto humid savanna in center Ivory 
Coast (Koffi et al., 2019b), here we use this data to parameterise 
matrix-population models based on classes of circumference. Thus, we 
modeled the demography of the four dominant grass species of this 
savanna as there was not enough data to build equivalent models for the 
less abundant species. Our first goal was to understand the dynamics of 
the dominant grass species through the description and comparison of 
their demography and life-cycle. Since the four species have different 
mean tussock sizes (Koffi et al., 2019a) and different values for their 
demographic parameters (fragmentation, mortality and retrogression 
Koffi et al. (2019b)), we expect them to have different asymptotic 
growth rates and sensitivity of these growth rates to the different de
mographic parameters. For example, Andropogon canaliculatus produces 
larger tussocks, has higher fragmentation rates but has lower mortality 
rates (Koffi et al., 2019a; 2019b) than the three other species. Such 
demographic differences could help explain how different species, using 
the same resources, coexist on the long-term (Barot and Gignoux, 2004). 
Moreover, perennial tussock grasses are prone to retrogression (the 
basal circumference of a tussock decreases over the years) and a large 
tussock can be fragmented leading to many smaller tussocks through a 
kind of clonal reproduction (Koffi et al., 2019b). 

Our second goal was to assess the influence of these demographic 
features on the demography of the grasses. Because grass age cannot be 
estimated using age markers such as in trees there are very few assess
ments of perennial grass age but see Lauenroth and Adler (2008). Esti
mating this age using the matrix modelling approach is therefore a good 
opportunity to study how long these perennial grasses live (Cochran and 
Ellner, 1992). Lauenroth and Adler (2008) found that the life-spans of 11 
perennial grass species varied between 5 and 39 years. Our species 
might also present such differences in longevities. 

Finally studying the demography of savanna perennial grass species 
is also very important because they contribute to soil fertility (Boudsocq 
et al., 2009; Srikanthasamy et al., 2018), the control of run-off and 
erosion (Durán Zuazo and Rodríguez Pleguezuelo, 2008; Kort et al., 
1998), the production of good food for livestock (Harun et al., 2017) as 
well as a good building material (Strohbach and Walters, 2015). The 
sustainable management of this important source of ecosystem services 
requires such a demographic study, at least to determine the stability of 
grass communities under global change and better manage the provision 
of these services. 

We tested the following hypotheses: (1) Grass species are all close to 
a demographic equilibrium because Lamto is a reserve established more 
than 50 years ago and because grasses are adapted to the most important 
disturbance, i.e. the annual fire. (2) Grass species differ by key de
mographic features (e.g. the mean age in each circumference class) 
because they have different demographic parameters. (3) Due to the 
interannual variability in rainfall and fire intensity (Soro et al., 2021; 
Tiemoko et al., 2020) the demography of the four species should 
strongly vary between years. (4) The high frequency of tussock retro
gression to a smaller tussock class and reproduction by tussock frag
mentation or basal tillering should blur the relation between age and 
circumference. Therefore, the age in the different circumference classes 
should be rather homogeneous. 

2. Methods 

2.1. Study site 

This study was conducted in the Lamto Reserve, in the wettest end of 
the Guinean savanna domain, in Ivory Coast (6◦ 9’ - 6◦ 18′ N; 5◦ 15’ - 4◦

57’ W). This site is a transition zone between semi-deciduous forests and 
humid savannas (Lamotte and Tireford, 1988). The Lamto Reserve is 
characterised by a long rainy season from March to July, a short dry 
season in August, a short rainy season from September to November, and 
a long dry season from December to February. The mean annual rainfall 
is about 1200 mm and the mean annual temperature is about 27 ◦C 
(Tiemoko et al., 2020). During the study period (from 2015 to 2018), the 
mean annual rainfall was 1167 mm and the mean temperature was 
29 ◦C. This shows that the study years were overall slightly hotter and 
drier than the average climate. Since the creation of the Lamto reserve in 
1963, the savanna is managed by a prescribed fire that burns grass 
biomass each year in the middle of January. 

The vegetation of Lamto is a mosaic of forests and savannas with 
variable shrub and tree densities. Perennial grasses dominate the her
baceous stratum (Menaut and Abbadie, 2006). About 10 species, mostly 
of the tribe Andropogoneae coexist in this savanna (Abbadie et al., 
2006). In this study, we analysed the demography of the four dominant 
species: Andropogon canaliculatus Schumach., Andropogon schirensis 
Hochst. ex A. Rich., Hyparrhenia diplandra (Hack.) Stapf and Loudetia 
simplex (Nees) C.E. Hubbard (Koffi et al., 2019a). 

2.2. Study plots 

Three independent 5 × 10 m plots delimited in three different 
patches of shrubby savanna (one plot by patch, each patch being about 
one km away from each other) were used to monitor grass demography 
for four years (from 2015 to 2018) encompassing three one-year tran
sitions: transition 1 (2015–2016), transition 2 (2016–2017) and transi
tion 3 (2017–2018). Plots were chosen away from all recognised sources 
of heterogeneity such as trees, shrubs and termite mounds. These plots 
were submitted to the standard mid-season fire applied in mid-January. 

2.3. Data collection 

We conducted a systematic sampling of perennial grasses on all plots. 
All the tussocks of the four studied C4 grass species having more than 
five tillers (identification and monitoring being then possible at this 
stage) were permanently marked between April and May 2015 (i.e. the 
first year of implementation) with a metal label tied to a metal peg. The 
circumference of each tussock was measured at the soil surface using a 
measuring tape. All labelled tussocks were censused every year in May 
until 2018, to determine their status, i.e. dead or living. When a tussock 
was alive, it was determined whether it had been fragmented since the 
last census, i.e. whether the tussock had been divided into at least two 
separate tussocks. In cases of fragmentation, the number of fragments 
was registered, the old peg was given to the principal fragment (i.e. the 
fragment with the largest circumference) and the other fragments were 
each labelled with a new peg. The circumference (cm) at the soil surface 
of all living tussocks was measured. The new tussocks arising from seed 
germination (i.e. seedlings) were distinguished from fragments of old 
tussocks and old tussocks that might have been missed in preceding 
censuses due to their very small sizes and the absence of fire mark at 
their base (remains of burned stems). 

To estimate grass fecundity, three tussocks of each species were 
randomly chosen in each size-class (see below) and each plot to count 
the number of seeds produced in 2016. These individuals were followed 
from mid-September 2016 (i.e. the beginning of seed production of the 
studied species) to mid-January 2016 (i.e. the fire date). This data 
allowed assessing the linear relation between tussock circumference and 
the yearly seed production for each modeled grass species (Brys et al., 
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2005). Numbers of new tussocks were combined to seed production data 
to assess fecundity as the number of new tussocks produced each year by 
each size-class of tussocks, without assessing the germination rate, as 
explained in Eq. A.1. This assessment should be relatively accurate 
because the dispersal distance of the seeds is very low (Garnier et al., 
2002) and because our plots were themselves located in the middle of 
relatively homogeneous grass stands, which should avoid strong biases 
due to boundary effects. 

2.4. Demographic model 

A common size-classified matrix model was parameterised for a one- 
year time step for each of the four C4 tussock grass species based on their 
circumference. We selected five size-classes as the result of the trade-off 
between increasing the number of size-classes to increase the precision 
of life-history description, and the robustness of parameter estimations 
that requires having enough individuals in each size-class. These classes 
are: 3–10 cm (the smallest tussocks measuring 3 cm in circumference), 
10–20 cm, 20–35 cm, 35–50 cm and ≥50 cm. The first two classes are 
narrower than the others because they gather the most individuals (Koffi 
et al., 2019a). 

The yearly tussock transitions between size-classes are shown on the 
life-cycle diagram (Fig. 1). These transitions are described using three 
matrices i.e. the survival (S), fragmentation (F) and birth (B) matrices 
(Eq. A.2). The survival matrix is composed of: (1) the probabilities of 
stasis (Pi) on the diagonal i.e. probabilities of surviving and staying in 
the same class i; (2) the probabilities of retrogression (Ri,j) on the upper 
triangle i.e. probabilities of surviving and retrogressing from a class (j) 
to a smaller class (i); (3) the probabilities of recruitment (Gi,j) on the 
lower triangle i.e. probabilities of surviving and growing from a class (j) 
to a larger class (i). The fragmentation matrix is a superior triangular 
matrix with entries (Fi,j) representing the probabilities of tussock in the 
size-class j to produce new tussocks in the size-class i by fragmentation. 
The separate tussocks resulting from the basal tillering of marked 

tussocks were also considered as fragments and added to fragmentation 
probabilities. The birth matrix, with entries (Bi) only on the first line, 
regroups fecundity (i.e. reproduction through seeds). 

The sum of these matrices gives the transition matrix (A) that de
scribes the contribution of each size-class to all others, with entries a(i,j) 
i.e. A = S + F + B (Eq. A.2). The number of individuals in the population 
at a given time is described by the vector N with entries n(i) representing 
the number of individuals in the size-class i at a time t. 

Demography can thus be summarised by the equation N(t+1) = AN(t) 
(Lefkovitch, 1965), where N(t) and N(t+1) are vectors of size-class 
abundances at time t and t + 1, respectively. 

To summarise some of the results, all the entries of the transition 
matrix (A) were classified into four categories according to the matrix 
regions they occupy. (1) Stasis (P + F) i.e. the entries in the form Pi + Fi 
+ Bi and Pi + Fi on the first diagonal. (2) Fecundity (R + F + B) i.e. all the 
matrix entries in the form Ri,j + Fi,j + Bi on the first line. (3) Retro
gression (R + F) i.e. the entries in the form Ri,j + Fi,j. (4) Growth (G) i.e. 
the category of the entries Gi,j under the first diagonal. 

2.5. Demographic analyses 

The dominant eigenvalue of the matrix A represents the asymptotic 
growth rate (λ) when the stable size-class distribution has been reached 
(Caswell, 1989). The stable size-class distribution is reached asymptot
ically if the entries of the population projection matrix do not change 
over time. 

Due to the uncertainty in the matrix parameters (because they are 
estimated from imperfect data), we calculated the standard error and the 
95% confidence intervals of λ, using Caswell’s (2001) approach 
assuming its normal distribution. The confidence intervals allowed 
testing whether the estimated λs were significantly different from 1.0. 

The elasticity of λ to the matrix parameters (Caswell, 1989) were 
computed. Elasticity analyses give the relative contribution of the 
transition matrix entries to λ. It shows how much λ can change if matrix 

Fig. 1. Life-cycle diagram of the five size-class matrix model. The letters denote: (n) the number of individuals in each class, (M) the mortality, (G) the probability of 
surviving and reaching a larger size-class, (P) the probability of surviving and staying in the same size-class, (R) the probability of surviving and retrogression to a 
smaller size-class, (F) the probability of new tussocks apparition through fragmentation and (B) the production of new tussocks through seed production. The 
subscript letters (i,j) denote a transition from size-class j to size-class i (or a production of tussocks in size-class i by individuals in size-class j). 
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entries change (Caswell, 1989; De Kroon et al., 2000). We then char
acterised the life-cycle by summing the elasticities of λ over the four 
categories of entries (stasis, fecundity, retrogression and growth) of the 
transition matrix as achieved by Silvertown et al. (1992). 

We conducted a log-linear analysis (Fingleton, 1984) using census 
data across years to test for the dependence of the transition matrices on 
the species, the transition years and the previous state of individuals. 
The response variable was the fate (i.e. the death or the new size-class of 
each living individual) while the explanatory variables were the species, 
the transition years and the state (the previous size-class of each indi
vidual). The goodness-of-fit (G2) were calculated after adding 0.5 to 
each cell of the contingency tables, as suggested by Fingleton (1984). 

We used life-table response experiment (LTRE) analyses to compare 
the demography of the species and the transition years by quantifying 
the contribution of each transition matrix parameter a(i,j) to the observed 
variations in λ between species and years. Contributions were calculated 
by the methods of Caswell (1996). The contribution of the a(i,j) to the 
difference in λ between two compared species or years was estimated by 

λ(m) − λ(r) ≈
∑

ij

(
a(m)

ij − a(r)
ij

) ∂λ
∂aij

⃒
⃒
⃒
⃒
(A(m)+A(r))∕

2  

Where m and r denote the two species or years to be compared (r being 

the reference) and ∂λ
∂aij

⃒
⃒
⃒
⃒
(A(m)+A(r) )∕

2 is the sensitivity evaluated for the mean 

of the two matrices i.e. at (A(m) + A(r))∕2. 
The terms in the summation are the contributions of species or year 

differences in the matrix entries to the species or year difference in λ 
(Caswell, 1996). The net contribution of all a(i,j) to λ was calculated by 
summing all the entries of the contribution matrix. The comparison 
between species was based on the average matrix calculated over the 
three yearly transitions (2015–2016; 2016–2017 and 2017–2018). 
Although this does not predict exactly the overall growth rates of the 
species (Tuljapurkar et al., 2003), but it could give a general idea of the 
demography of each species over the three study years, which would 
simplify the interpretation of our results. The comparison between years 
was made between the yearly projection matrices of each species. 

We also calculated the mean and the standard deviation of the mean 
age-based parameters using Cochran and Ellner method (Cochran and 
Ellner, 1992). This method is adequate for calculating these parameters 
for perennial grasses because it considers tussock fragmentation, i.e. 
clonal reproduction. We calculated the following age-based parameters 
and the corresponding standard deviations for each grass species: (1) the 
mean age of individuals in each size-class (yi), (2) the mean age of 
residence in a class (Si). These first two parameters differ by the fact that 
yi is calculated under the assumption of the stable stage distribution but 
not Si. We also calculated: (3) the mean time to first reach a class i from 
the class 1 (τ1,i), (4) the conditional remaining life-span of individuals in 
the class i (Ωi) i.e. the mean remaining life-span of individuals that have 
reached the class i and (5) the total conditional life-span if class i has 
been reached (Λi) (Barot et al., 2002; Cochran and Ellner, 1992). The 
standard deviations give an idea of the variability of the age in each 
circumference class. 

In addition, chi2 tests were performed to compare the observed size- 
class distribution of individuals to the predicted stable size-class distri
bution using the mean matrices other the three one-year transitions, 
with a significance level of 0.05. All these parameter calculations and 
analyses were achieved with the R software. 

3. Results 

3.1. Average matrix of the species 

A total of 5853 individuals of perennial grasses were censused during 
the three one-year transitions. The total number of individuals by 

species and transition ranged from 294 for A. schirensis during the 
transition 1 to 776 for A. canaliculatus during the transition 3 (Table A1). 
Stasis were higher than all other vital rates in all species and transitions 
(χ2 = 4619.4; df = 24; P < 0.001, Table A2). Stasis varied by species and 
size-class (χ2 = 2981.2; df = 12; p < 0.001), with A. canaliculatus 
attaining its highest stasis (0.631) in class 2, whereas A. schirensis, H. 
diplandra and L. simplex attained their highest stasis, 0.673, 0.588 and 
0.481, in classes 3, 4 and 1 respectively (Table A3). 

The log-linear test analyzing the effects of species, transitions and the 
interaction on the transition matrices, based on differences in goodness- 
of-fit (ΔG2) are showed in Table 1. The effects of species (ΔG2 = 291.4; 
df = 75; P < 0.001) and transitions (ΔG2 = 454.4; df = 50; P < 0.001) 
and the interaction (ΔG2 = 196.7; df = 150; P = 0.006) were all sig
nificant. The effects of species and transitions were significant whether 
or not they are combined in the calculations (Table 1). The effects of the 
species × transition interaction in each size-class were significant in the 
classes 2 and 3 (G2 = 56.34; df = 30; P = 0.002 and G2 = 49.62; df = 30; 
P = 0.013 respectively; Table 2). 

3.2. Asymptotic growth rates 

The mean λs, calculated with the mean transition matrices of each 
species were 0.9860 for A. canaliculatus, 0.9952 for A. schirensis, 0.9510 
for H. diplandra and 0.8881 for L. simplex. The standard errors of the λs 
were 0.0321, 0.0468, 0.0374 and 0.0434, respectively. The respective 
95% confidence intervals for λ under the assumption of the stable size 
distribution were 0.9229–1.0491, 0.9033–1.0871, 0.8776–1.0243 and 
0.8030–0.9732 (Table 3). Thus, the mean λ of L. simplex was signifi
cantly lower than 1.0 while the λs of the other species were not signif
icantly different from 1.0. 

Contrary to the other species, the λs of A. schirensis were not signif
icantly different from 1.0 during all transitions (Table 3). The λ of 
A. canaliculatus was significantly higher than 1.0 during the transition 2, 
but not different from 1.0 during the other transitions. The λs of 
H. diplandra and L. simplex were significantly lower than 1.0 respectively 
during the transitions 2 and 3, and during the transitions 1 and 3 
(Table 3). The λs of H. diplandra during the transition 1 and L. simplex 
during the transition 2 were not different from 1.0 (Table 3). 

3.3. Elasticity analysis 

The highest elasticity in all species was for the stasis representing, on 
the average, 54% of the summed elasticity. These highest values of 
elasticity were specifically found in the classes 2, 3, 4 and 1 respectively 
for A. canaliculatus (0.295; Fig. 2A), A. schirensis (0.270; Fig. 2B), 
H. diplandra (0.190; Fig. 2C) and L. simplex (0.203; Fig. 2D). The sum
med elasticity of fecundity and retrogression were low (between about 
3% and 17% of total elasticity; Table A4) while the summed elasticity of 
growth (≈23%) was intermediate. For L. simplex, the elasticity of 
fecundity and retrogression were null in the class 5. It was the same with 

Table 1 
Log-linear analysis of the effects of the Transition (T), Species (L) and the 
interaction on the demographic fate (D) of the four species, conditional on the 
initial state (S). G2: goodness-of-fit; df: degree of freedom.  

Model Effects G2 ΔG2 df Δdf p-value 

DS,STL  955.3  275  <0.001 
DST,STL  500.9  225  <0.001  

Transition  454.4  50 <0.001 
DSL,STL  663.9  200  <0.001  

Species  291.4  75 <0.001 
DST,DSL,STL  196.7  150  <0.001  

Transition  467.2  50 <0.001  
Species  304.2  75 <0.001 

DSTL  0.0  0.0  1.000  
Transition × Species  196.7  150 0.006  
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the elasticity of the growth of small individuals of this species from the 
classes 1, 2 and 3 toward the class 5 (Fig. 2D). 

The summed elasticity of the stasis was the highest for each species 
and each transition, (between 45% and 67%; Table 4). However, this 
highest elasticity was obtained in different classes depending on the 
species and transitions. The total elasticity was highest during the 
transition 2 for A. canaliculatus (63%) and L. simplex (57%), and the 

transitions 1 and 3 respectively for A. schirensis (67%) and H. diplandra 
(54%). 

During the transition 1, the highest elasticity of the stasis was ob
tained in the class 3 for A. canaliculatus (0.319) and A. schirensis (0.416), 
in the class 4 for H. diplandra (0.270) and in the class 2 for L. simplex 
(0.211; Fig. A1). During the transition 2, the elasticity of stasis was 
highest in the classes 2, 4, 3 and 1 respectively for A. canaliculatus 
(0.405), A. schirensis (0.293), H. diplandra (0.192) and L. simplex (0.374; 
Fig. A1). This elasticity was highest for the stasis during the transition 3 
in the class 2 for A. canaliculatus (0.265) and in the class 3 for 
A. schirensis (0.229), H. diplandra (0.165) and L. simplex (0.196) 
respectively. Low elasticity values were found in all species and transi
tions in the class 5 and for the growth of individuals towards the class 5. 
Therefore, the stasis was the parameter that contributed the most to the 
λ of all species during all transitions while fecundity had a very low 
contribution. Retrogression and growth contributed moderately to the 
λs. 

3.4. Stable size distribution analysis 

The highest proportions of individuals in the predicted size-class 
distribution were found in the classes 2 and 1 respectively for 
A. canaliculatus (44%) and L. simplex (43%) and the class 3 for 
A. schirensis (38%) and H. diplandra (31%). The lowest proportions were 
in the class 5 for all species (Fig. 3). The observed size distribution was 
significantly different from the stable size distribution in all species (P <
0.001 in all case). The observed proportions of individuals of 
A. canaliculatus and L. simplex in the classes 1 and 2 were lower than in 
the predicted population, while it was the reverse for the classes 3, 4 and 
5 (Fig. 3A and D). This suggests that the proportion of the population in 
the classes 1 and 2 would increase but would decrease in the classes 3, 4 
and 5, if the mean transition matrices remain constant in these species. 
For H. diplandra, the predicted proportions were higher in class 1, but 
lower in class 5 than the observed proportions. The two types of pro
portion were close in classes 2, 3 and 4. This suggests that the proportion 
of the population were close to the stable size distribution in the classes 
2, 3 and 4, but would increase in class 1 and decrease in class 5 if the 
mean transition matrices remain constant in these species. The observed 
proportions of A. schirensis were higher in classes 1, 2 and 5, but lower in 
classes 3 and 4 than the predicted proportions meaning that there was 
overabundance of individuals in the classes 1, 2 and 5 and an under
abundance in the classes 3 and 4. 

Table 2 
Log-linear analysis of the effect of the Species × Transition interaction on the 
fate of individuals in each size-class. G2: goodness-of-fit values; df: degree of 
freedom.  

State G2 df p-value 

Class 1 28.05 30 0.567 
Class 2 56.34 30 0.002 
Class 3 49.62 30 0.013 
Class 4 33.19 30 0.314 
Class 5 29.56 30 0.488 
Total 196.76 150 0.006  

Table 3 
Population growth rates (λs) for one-year transition calculated for each grass 
species with associated standard errors (SE) and 95% confidence intervals. The 
mean values were calculated using the mean matrices of the tree one-year 
transitions.   

Transitions Values of 
λ 

SE 95% confidence 
interval 

Andropogon 
canaliculatus 

2015–2016 1.0545 0.0377 [0.9805, 1.1286] 
2016–2017 1.0830 0.0347 [1.0149, 1.1510] 
2017–2018 1.0722 0.0510 [0.9722, 1.1723]  
mean 0.9860 0.0321 [0.9229, 1.0491]  

Andropogon 
schirensis 

2015–2016 1.0443 0.0510 [0.9442, 1.1443] 
2016–2017 0.9645 0.0477 [0.8710, 1.0581] 
2017–2018 0.9426 0.0454 [0.8534, 1.0317]  
mean 0.9952 0.0468 [0.9033, 1.0871]  

Hyparrhenia 
diplandra 

2015–2016 1.0514 0.0454 [0.9624, 1.1405] 
2016–2017 0.9195 0.0364 [0.8482, 0.9909] 
2017–2018 0.9118 0.0350 [0.8431, 0.9804]  
mean 0.9510 0.0374 [0.8776, 1.0243]  

Loudetia simplex 2015–2016 0.7490 0.0457 [0.6593, 0.8388] 
2016–2017 1.0722 0.0510 [0.9722, 1.1723] 
2017–2018 0.8321 0.0390 [0.7557, 0.9086]  
mean 0.8881 0.0434 [0.8030, 0.9732]  

Table 4 
Summed values of elasticities and the corresponding proportions (%) of the total elasticity for different types of demographic parameters and transition matrices 
(combinations of 4 species and 3 one-year transitions, 2015–2016, 2016–2017, 2017–2018). R + F + B: Fecundity; P + F: Stasis; R + F: Retrogression; G: Growth. The 
species: Andropogon canaliculatus; Andropogon schirensis; Hyparrhenia diplandra and Loudetia simplex.  

Species Transitions Summed elasticity of matrix entries % of the summed elasticity 

R + F + B P + F R + F G R + F + B P + F R + F G 

A. canaliculatus 2015–2016 0.0508 0.5713 0.1758 0.2019 5 57 18 20 
2016–2017 0.1219 0.6336 0.0558 0.1885 12 63 6 19 
2017–2018 0.0690 0.5967 0.1206 0.2135 7 60 12 21  

A. schirensis 2015–2016 0.0134 0.6678 0.1557 0.1630 1 67 16 16 
2016–2017 0.0385 0.6172 0.1485 0.1956 4 62 15 20 
2017–2018 0.0344 0.5828 0.1629 0.2196 3 58 16 22  

H. diplandra 2015–2016 0.0317 0.5347 0.1992 0.2342 3 53 20 23 
2016–2017 0.0821 0.5196 0.1327 0.2654 8 52 13 27 
2017–2018 0.0620 0.5355 0.1454 0.2569 6 54 15 26  

L. simplex 2015–2016 0.1490 0.4536 0.1293 0.2678 15 45 13 27 
2016–2017 0.1823 0.5666 0.0379 0.2130 18 57 4 21 
2017–2018 0.1404 0.4845 0.1148 0.2601 14 48 11 26  
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Fig. 2. Elasticity matrices of the four grass species (A: Andropogon canaliculatus, B: Andropogon schirensis, C: Hyparrhenia diplandra and D: Loudetia simplex) calculated 
from the mean transition matrices. The redder the colour the higher the elasticity of λ in the different size-class (1, 2, 3, 4 and 5). 

Fig. 3. Comparison of observed size-class distribution (OSCD) and predicted stable size-class distribution (PSCD) for the four species (A: Andropogon canaliculatus, B: 
Andropogon schirensis, C: Hyparrhenia diplandra and D: Loudetia simplex). The observed and predicted size distributions were calculated using the mean matrices of the 
three one-year transitions. 
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3.5. LTRE analyses 

3.5.1. Interspecific differences 
The LTRE showed that transition matrix (and thus the demography) 

of the four species are significantly different (Table 5). Stasis contributed 
mostly (at 72%, 50% and 33%) to the differences between respectively 
A. canaliculatus and L. simplex (72%), H. diplandra and A. schirensis 
(50%) and L. simplex and A. schirensis (33%). This stasis was lower for 
L. simplex than A. canaliculatus and A. schirensis and higher for 
A. schirensis than H. diplandra (Fig. 4). These differences were specif
ically due to the stasis rates in the class 2 (L. simplex vs A. canaliculatus) 
and the class 3 (L. simplex vs A. schirensis and H. diplandra vs A. schirensis; 
Fig. A2). The differences of demography between A. schirensis and 
A. canaliculatus (49%), H. diplandra and A. canaliculatus (40%) and 
L. simplex and H. diplandra (36%) were due to differences in growth 
rates. A. schirensis and H. diplandra had higher growth rates than 
A. canaliculatus, whereas L. simplex exhibited lower growth rate than 
H. diplandra (Fig. 4). These differences were specifically due to growth in 
the class 2 for A. schirensis and H. diplandra and the class 3 for L. simplex 
(Fig. A2). 

Taken together, the differences of demography between the four 
perennial grass species were mainly due to stasis and growth rates 
specifically in the classes 2 and 3 depending on the compared species. 
Fecundity (≈21% of mean contributions) and regression (≈14% of mean 
contributions) did not contribute much to the differences in λ between 
the four grass species. 

3.5.2. Variations between years 
The LTRE showed that there is no general pattern explaining de

mographic differences between yearly transitions (Fig. 5A). For 
A. canaliculatus, variations in λ were mostly influenced, at 32%, by dif
ferences in growth in the class 1 between transitions 1 and 2, at 40% to 
retrogression in the class 3 between transitions 1 and 3 and at 61% to 
stasis in the class 2 between transitions 2 and 3 (Table A5 and Fig. A3). 
There was a higher growth rate during the transition 2 than transition 1, 
a higher retrogression rate during transition 1 than 3 and a higher stasis 
rate during transition 2 than 3 (Fig. 5A). 

For A. schirensis, variations in λ were mostly influenced, at 38%, by 
differences in the stasis between the transitions 1 and 3 in the class 3 
and, at 34%, between the transitions 2 and 3 in the class 4. The differ
ence of λ between the transitions 1 and 2 was mostly due to differences 
in growth, at 36%, especially in the class 4 (Table A5 and Fig. A3). The 
stasis rate was lower during the transition 3 than the transitions 1 and 2 
while the growth rate was higher during the transition 2 than 1 (Fig. 5B). 

For H. diplandra, differences in λ were mostly influenced by a higher 
retrogression during the transition 1 than the transitions 2 and 3 
(respectively at 61% and 56%). The difference of λ between the transi
tions 2 and 3 was mostly due to differences in growth (at 44%), 

especially in the class 1 (Table A5 and Fig. A3). This growth rate was 
higher during the transition 2 than 3 (Fig. 5C). 

For L. simplex (Fig. 5D), the differences of λ between the transitions 1 
and 2 and between the transitions 2 and 3 were due to differences in 
stasis (at respectively 43% and 52%) particularly in the class 1 (Table A5 
and Fig. A3). This stasis was higher during the transition 2 than the 
transitions 1 and 3. The growth especially in the class 2 was the 
parameter that mostly (at 43%) influenced the difference of λ between 
the transitions 1 and 3 (Fig. A3). This growth rate was higher during the 
transition 3 than 1 (Fig. 5D). Taken together, interannual differences in 
fertility contributed very little to interannual differences in λ, whatever 
the transition or species. 

3.6. Age-based parameters 

The mean age of individuals in different size-classes differed by 
species. In each size-class, A. schirensis was older than other species with 
age ranging from 41 to 75 years and at least twice higher than for 
H. diplandra and L. simplex (Table 6). These two species had nearly the 
same mean age in the class 5 (34 years). The second oldest species in 
each size-classes was A. canaliculatus (31–43 years). In all species, the 
mean age of the individuals and the mean ages of residence in the classes 
tended to increase from class 1 to class 5 but the increase was very small 
from class 2 to 5. A. schirensis resided longer in each class than the other 
species while A. canaliculatus reached more quickly the classes 3, 4 and 5 
from the class 1 (Table 6). This shows that A. canaliculatus grew less 
quickly than A. schirensis from the class 3 to 5. Moreover, the mean time 
to first reach the ith class from the class 1 (τ1,i) was lower in H. diplandra 
and L. simplex than in A. schirensis and A. canaliculatus. Thus H. diplandra 
and L. simplex grew quicker from class to class than A. schirensis and 
A. canaliculatus. Using the conditional total life-span of individuals that 
had reached the class 5 (Λ5), the life-span of grasses followed this order 
A. schirensis (82.5 y), A. canaliculatus (52.2 y), H. diplandra (28.1 y), 
L. simplex (17.9 y). 

All the standard deviations of the mean age in each size-class (yi) and 
the mean age of residence in the ith class (Si) increased from class 1 to 
class 5, for all species, due to the accumulation of uncertainties on the 
time of recruitment between classes. There was no precise order in the 
variations of the standard deviation between classes for the mean time to 
first reach the ith class from the class 1 (τ1,i), the conditional remaining 
life-span of individuals in the ith class (Ωi) and the total conditional life- 
span if class i has been reached (Λi). Together with the slow increase in 
the mean age of individuals and the mean age of residence between class 
2 and 5, this is probably due to the high retrogression rates. 

4. Discussion 

4.1. Are the grass species close to their demographic equilibrium? 

The mean λs were lower than 1.0 for all species but only significantly 
for L. simplex. This suggests unlike Garnier and Dajoz (2001) that the 
population of L. simplex we studied was declining very quickly (by ≈
12% a year) and would tend towards extinction. The absence of signif
icant decline for the populations of the 3 other species can be explained 
by their adaptation to fire, which is a constitutive factor of all West 
African humid savannas (Murphy and Bowman, 2012; Sankaran et al., 
2005). Up to our knowledge there has not been any other major 
disturbance in Lamto savanna that could locally threaten grass species. 
The fact that L. simplex, which is also a fire-adapted species, was 
declining (at least temporarily during the study year) could be due to its 
lower drought tolerance (Brink and Achigan-Dako, 2012). Indeed, the 
study period was slightly hotter and drier (29 ◦C and 1169 mm of rain) 
compared to the usual climate of the Lamto reserve (27 ◦C and 1200 mm 
of rain). This could increase the fragmentation and size-dependent 
mortality as in Butler and Briske (1988). The decline of L. simplex 
could also be due to an unfavorable plant-plant competition with the 

Table 5 
Life table response experiments (LTRE) comparing the four grass species 
(Andropogon canaliculatus, Andropogon schirensis, Hyparrhenia diplandra and 
Loudetia simplex). When the demographic parameters are higher in the compared 
species than in the reference species, contribution values are positive and vice 
versa. Δ λ: the difference between the asymptotic growth rates (λ) of reference 
species (λ(r)) and compared species (λ(c)); C-value: the global contribution value 
calculated by summing all the entries of the contribution matrix from the 
comparison between the corresponding species.  

Reference species vs compared 
species 

λ(r) λ(c) Δ λ   C-value 

A. canaliculatus vs A. schirensis 0.9860 0.9952 0.0092 0.0058 
A. canaliculatus vs H. diplandra 0.9860 0.9510 − 0.0350 − 0.0394 
A. canaliculatus vs L. simplex 0.9860 0.8881 − 0.0978 − 0.0975 
A. schirensis vs H. diplandra 0.9952 0.9510 − 0.0442 − 0.0441 
A. schirensis vs L. simplex 0.9952 0.8881 − 0.1070 − 0.0967 
H. diplandra vs L. simplex 0.9510 0.8881 − 0.0628 − 0.0547  
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other species (Ariza and Tielbörger, 2011) because the tussocks of this 
species are overall smaller than the other species (Koffi et al., 2019a) 
and are thus shaded by the larger species, which can increase their 
mortality. In any case, because we are not aware of any long-term 
decline of L. simplex at the scale of Lamto savanna, the decline we 
have observed is probably local and temporary. This is linked to a 
general shortcoming of our approach (and of matrix models). De
mographic parameters vary between year and between sub-populations 
and our predictions only describe the asymptotic demographic behavior 
and thus depend on such a variability. The prediction would thus require 
more years of census and more monitored individuals to be more robust. 

4.2. Demographic differences between the grass species 

As in Moloney (1988) about Danthonia sericea, a perennial grass 
species in North Carolina, and as shown by elasticities, stasis was the 
type of demographic parameter that most influenced our grass popula
tion growth rates. The differences of demography between the species 
were materialised by the fact that stasis was the highest in different 
size-class for each species. This suggests that the most limiting de
mographic parameter for each species corresponded to different 
size-classes. In our model, stasis gathers individuals that survive in a 
class and those that enter this class by fragmentation, retrogression, 
recruitment and germination of a seed, all these parameters depending 
on tussock size (Koffi et al., 2019b) and thus the size-class of the 
matrices. This also means that all these demographic processes jointly 
determined the between species differences in the most influential 
size-class. 

Koffi et al. (2019a) classified the grass species in three groups 

according to their tussock size: large species (A. canaliculatus and 
H. diplandra), medium size species (A. schirensis) and small species 
(L. simplex). For the small size species such as L. simplex, survival, 
recruitment and reproduction by seeds tend to be lower but this is 
compensated by low retrogression and fragmentation rates. This is due 
to the fact that survival, retrogression and fragmentation overall in
crease with the size of individuals (Koffi et al., 2019b). This could 
explain why L. simplex had highest proportional sensitivity to its highest 
stasis in class 1. In species with large tussocks such as A. canaliculatus 
and H. diplandra, probabilities of moving between classes are high. Thus, 
these species are likely to have strong stasis in each intermediate class 
(2, 3 and 4) as we can see in our matrices. However, the fact that the 
highest stasis occurs in different size-classes for different species could 
be explained for A. canaliculatus by a higher retrogression and frag
mentation than growth from class 3 to 5. This would tend to reduce the 
size of the majority of individuals to class 2 and to increase the pro
portional sensitivity of the population demography to these small in
dividuals. Unlike A. canaliculatus, H. diplandra exhibits higher growth 
than retrogression and fragmentation therefore, individuals would tend 
to be larger, leading to high elasticity to the highest rate of stasis in class 
4. The same type of process would tend to reduce the size of individuals 
of A. schirensis towards class 3. Individuals smaller than 20 cm in 
circumference would grow quickly while those with more than 35 cm in 
circumference would undergo more fragmentation and retrogression. 
This would explain why this species has highest elasticity to the stasis in 
class 3. 

The grass species also differed in all the age-based parameters. 
Indeed, some species grow quicker, spend more time in particular size- 
classes or live longer than others. Overall, the variations in the 

Fig. 4. The total fixed LTRE contributions of the different categories of the transition matrix entries to the species differences in λ. The categories of the demographic 
parameters are fecundity (R + F + B), stasis (P + F), retrogression (R + F) and growth (G). The average matrix calculated for each species over the three transitions 
were used. "AC vs AS" means that the parameters of the species (AS) are subtracted from those of the species (AC). Positive contribution values show that the 
demographic parameters are higher in the second species than in the first species and negative values show the opposite. Δλ: the difference of the growth rate (λ) 
between the two species. The species are AC: Andropogon canaliculatus; AS: Andropogon schirensis; HD: Hyparrhenia diplandra; LS: Loudetia simplex. 
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demography of the four coexisting species remain difficult to explain. 
According to the literature, it may depend on their taxonomic grouping 
and their life-form (Buckley et al., 2010; Burns et al., 2010). In our case, 
all species have the same life-form and are from the Andropogoneae 
taxonomic tribe so that the demographic differences are difficult to 
explain. Our results suggest that our four species highly differ in their 
total conditional life-span, which seems to be in relation with the λs of 
the species. Indeed, A. schirensis (82.5 y with λ = 0.9952) lives longer 
than A. canaliculatus (52.2 y with λ = 0.9860) that lives longer than 
H. diplandra (28.1 y with λ = 0.9510) that lives longer than L. simplex 
(17.9 y with λ = 0.8881). This is consistent with García et al., (2008) 
who observed that the λ values were closer to 1.0 in long-lived species, 
while the short-lived species exhibited a wide range of λ values. This 
result confirms that all species are slowly declining, species with longer 
life-span at a slower rate (higher growth rate). Perhaps this is because 
individuals of these species are slowly dying in the same order as the 
life-span (about 9%, 11%, 11% and 13% respectively for A. schirensis, 
A. canaliculatus, H. diplandra and L. simplex; Table A1). There is thus a 

clear gradient in the life-span of the four species. Such a gradient 
together with other demographic differences could potentially be 
explained by non-documented differences in traits such as: the water 
and nutrient use efficiencies, the photosynthesis efficiency, phenology, 
and classical root and leaf traits in relation (Violle et al., 2007). 

4.3. Interannual variability in demography of grass species 

According to the log-linear analysis, the population transition matrix 
of each grass species varied significantly between years. This confirms 
that the demography of the four grass species varies from year-to-year as 
it is generally the case in perennial grasses (Horvitz and Schemske, 
1995; Jongejans and De Kroon, 2005). This result is also confirmed by 
the LTRE analysis that shows that stasis, growth and retrogression 
contributed more to this temporal variation than fecundity. These 
interannual variations in the grass demography could be explained by 
the temporal variations of the climatic conditions that change from year 
to year in Lamto savanna (Le Roux, 2006). For example, the rainfalls 

Fig. 5. The total fixed LTRE contributions of the different categories of the transition matrix entries to the differences in λ between yearly transitions for each species. 
The categories of the matrices are fecundity (R + F + B), stasis (P + F), retrogression (R + F) and growth (G). "2015-16 vs 2016–17" denotes that the parameters of a 
species in the second transition (2016–17) are subtracted from those of the first transition (2015–16). The third transition is 2017–18. Positive contribution values 
show that the demographic parameters are higher in the second transition than in the first transition, and negative values show the opposite. The species are in the 
rows A: Andropogon canaliculatus, B: Andropogon schirensis, C: Hyparrhenia diplandra and D: Loudetia simplex. 
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during these three study years were 1478 mm, 951 mm and 1077 mm 
respectively in 2015, 2016 and 2017 (data from the Lamto geophysical 
station) and the populations of all species except L. simplex increased (λ 
> 1.0), but not significantly during the transition 1 (2015–2016) by at 
least 4%. Thus, the higher growth rates of these species in 2015 could be 
due to the higher amount of rain during this year 2015. Such a quantity 
of rain would have favoured the stasis and the growth of the individuals 
while disfavouring the retrogression. The fact that the population of 
A. schirensis and H. diplandra declined by 4% and 9% respectively during 
the two following transitions (≈1000 mm of rain) reinforces this hy
pothesis. A. canaliculatus and L. simplex seem to appreciate low rainfall 
since their highest growth rates were in low rainfall years. This is 
particularly clear in L. simplex, where the population increased by 7% 
when the rainfall dropped to 951 mm while it declined by 26% when the 
rainfall was the highest in 2015. 

In these species, the climatic conditions could also have indirectly 
affected the temporal variations of the population through the intensity 
of the annual fire (Savadogo et al., 2007; Williams et al., 1998). Indeed, 
changes in rainfall can cause variations in the intensity of the yearly fire 
that has always been used for the management of the reserve (Frost 
et al., 1986; N’Dri et al., 2018). For example, low rainfall would cause 
low primary production and therefore a small amount of biomass i.e. 
fuel (Gignoux et al., 2006), which would lead to lower fire intensity and 
would have a lower impact on the grass demography (Trollope et al., 
2002). However, this relationship between rainfall, fire intensity and 
temporal variations in grass demographic parameters remains to be 
proven and deepened by new statistical models using fire intensity and 
meteorological data. This would ideally require accumulating data for 
more yearly transitions. 

4.4. Are the age parameters homogeneous between the grass 
circumference classes? 

In all species, the mean age of individuals and the mean ages of 
residence in the classes were rather homogeneous from the class 2 to the 
class 5. This could be due to the fragmentation and the retrogression we 
observed in all species, particularly in larger individuals. Due to these 
two demographic parameters, the small size individuals are not always 
young but have the age of the large individuals from which they are the 
fragments (Gignoux et al., 2006). The weak differences observed be
tween the size-classes (from class 2 to class 5) in each species are likely 
due to retrogression and fragmentation. Indeed, individuals can grow 
and retrogress several times before dying. This contributes to homoge
nise age-based parameters between circumference classes. This is 
confirmed by the fact that, for all classes, the standard deviations of ages 
are of the same order of magnitude as the mean age: the relation be
tween size and age is blurred by retrogression and fragmentation. This 
also leads to the fact that the standard deviations of life-spans (the 
conditional remaining life-span (Ωi) and total conditional life-span (Λi)) 
are higher than the life-spans, which denotes the high variability in the 
fate of the individuals within the same size-class: some individuals have 
just arrived from the first time in a given size-class, while others have 
already reached this class several times. On the other hand, the lower 
values of the age parameters obtained in the class 1 are due to the fact 
that the concerned individuals grow fairly quickly into the larger 
size-classes or die due to the small size and high growth rates of these 
individuals. 

5. Conclusion 

Despite the fact that the four studied species have the same general 
life-form and share the same environmental conditions, many de
mographic differences exist between their λs, age-based parameters and 
elasticity of the λs, which could help to understand differences in their 
dynamics. Moreover, the four grass populations have not fully attained 
their demographic equilibrium (differences between the observed and 
predicted size-class distributions) after more than 50 years of the insti
tution of the reserve, but three out of the four studied species are close to 
it (asymptotic grow rate not significantly different from 1.0). The 
demography of these grass species changes from year to year probably 
due to annual variations in climate and consecutive changes in fire in
tensity, which could contribute to explain why the grass populations are 
not at their demographic equilibrium. The most influential demographic 
parameter for the four grass species was stasis. Retrogression and frag
mentation contribute to a certain homogeneity of the age parameters, 
from classes 2 to 5. However, we should monitor the grass populations 
for a few more years to better analyse the causes of the temporal vari
ability in their demography. All the information collected could then be 
used to determine the mechanisms of coexistence (Barot and Gignoux, 
2004) between savanna grass species. For example, coexistence should 
be favoured if interannual increases and decreases in λs are not 

Table 6 
Age-based life-history parameters of the average matrix model for the four grass 
species. Values are mean ± standard deviation. yi = mean age in each size-class 
under the hypothesis of stable size distribution, Si = mean age of residence in the 
ith class, τ1,i = mean time to first reach the ith class from the class 1, Ωi = the 
conditional remaining life-span of individuals in the ith class and Λi = total 
conditional life-span if class i have been reached. Calculations are based on the 
average matrix calculated over the three monitored one-year transitions.   

yi Si τ1,i Ωi Λi Ωi/ 
τ1,i 

Andropogon canaliculatus 
Class 

1 
31.2 ±
37.5 

18.7 ±
23.7 

7.0 ±
11.3 

15.2 ±
38.4 

22.2 ±
49.7 

2.8 

Class 
2 

39.5 ±
38.4 

26.0 ±
24.9 

4.7 ± 3.9 26.7 ±
49.0 

31.4 ±
53.0 

5.6 

Class 
3 

41.7 ±
38.5 

28.1 ±
25.0 

9.3 ± 7.1 31.4 ±
52.5 

40.8 ±
59.5 

3.4 

Class 
4 

41.5 ±
38.5 

27.9 ±
25.0 

20.6 ±
18.3 

29.3 ±
51.3 

49.9 ±
69.7 

1.4 

Class 
5 

42.8 ±
38.6 

29.2 ±
25.1 

25.1 ±
22.4 

27.1 ±
49.9 

52.2 ±
72.3 

1.1  

Andropogon schirensis 
Class 

1 
41.3 ±
63.7 

27.4 ±
45.5 

15.9 ±
31.9 

24.4 ±
61.8 

40.3 ±
93.6 

1.5 

Class 
2 

66.4 ±
70.6 

48.8 ±
52.5 

14.1 ±
17.7 

35.0 ±
72.2 

49.0 ±
89.9 

2.5 

Class 
3 

73.4 ±
70.9 

55.5 ±
53.0 

7.6 ± 6.1 55.2 ±
85.8 

62.8 ±
91.9 

7.3 

Class 
4 

74.8 ±
71.1 

56.8 ±
53.0 

11.1 ±
8.7 

72.3 ±
93.0 

83.4 ±
101.7 

6.5 

Class 
5 

74.6 ±
71.1 

56.6 ±
53.1 

23.4 ±
21.4 

59.0 ±
88.5 

82.5 ±
109.9 

2.5  

Hyparrhenia diplandra 
Class 

1 
14.3 ±
24.3 

4.3 ± 7.7 2.7 ± 5.8 5.8 ±
25.0 

8.6 ± 30.8 2.1 

Class 
2 

27.6 ±
29.1 

10.9 ±
11.2 

6.1 ± 6.5 8.8 ±
32.2 

14.8 ±
38.7 

1.4 

Class 
3 

31.2 ±
29.5 

13.6 ±
11.8 

5.9 ± 4.4 12.8 ±
40.1 

18.7 ±
44.6 

2.2 

Class 
4 

33.9 ±
29.7 

15.9 ±
12.1 

8.2 ± 5.3 18.3 ±
49.0 

26.5 ±
54.3 

2.2 

Class 
5 

34.2 ±
29.7 

16.1 ±
12.1 

12.4 ±
9.5 

15.6 ±
46.4 

28.1 ±
55.8 

1.2  

Loudetia simplex 
Class 

1 
28.1 ±
29.7 

5.6 ± 6.2 2.2 ± 2.7 6.5 ±
38.7 

8.7 ± 41.4 2.9 

Class 
2 

31.7 ±
29.9 

8.3 ± 6.6 4.8 ± 3.3 7.7 ±
42.7 

12.5 ±
46.4 

1.6 

Class 
3 

31.9 ±
29.9 

8.5 ± 6.6 6.3 ± 4.7 7.1 ±
41.0 

13.4 ±
45.7 

1.1 

Class 
4 

32.5 ±
29.9 

9.0 ± 6.6 8.5 ± 6.4 7.4 ±
42.2 

16.0 ±
45.6 

0.9 

Class 
5 

34.1 ±
29.9 

10.6 ±
6.7 

10.0 ±
6.6 

7.9 ±
43.8 

17.9 ±
50.5 

0.8  
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synchronised between species. Monitoring the populations for more 
years would also allow better assessing the stability of the coexistence 
and the environmental factors responsible for interannual variations in 
the demography of the grass species. 

Interestingly, savannas are based on the coexistence between trees 
and grasses and in humid savannas of West Africa, these grasses are 
perennial tussock grasses as in Lamto savanna. Though trees and grasses 
have different strategies to cope with fires we have shown that grasses 
might live as long as trees and, for this, reason they probably share some 
common demographic features. However, a difference between trees 
and grasses is that in trees retrogression tends to be limited to young 
individuals that resprout each year when fire has burnt down their 
aboveground parts. Older and larger trees become resistant to fire and 
their aboveground biomass no longer burns each year. In the same vein, 
grasses incur fragmentation, which is not the case for trees. The impact 
of these differences could be better understood by comparing thor
oughly tree and grass matrix models. 
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place dans les climats de l’Ouest africain. Université d’Abidjan, Station d’Ecologie 
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Lauenroth, W.K., Adler, P.B., 2008. Demography of perennial grassland plants: survival, 
life expectancy and life span: demography of grassland plants. J. Ecol. 96, 
1023–1032. https://doi.org/10.1111/j.1365-2745.2008.01415.x. 

Le Roux, X., 2006. Climate. In: Lamto, Ecological Studies. Springer, New York, 
pp. 25–44. 

Lefkovitch, L.P., 1965. The study of population growth in organisms grouped by stages. 
Biometrics 21, 1–18. https://doi.org/10.2307/2528348. 

Menaut, J.-C., Abbadie, L., 2006. Vegetation. In: Abbadie, L., Gignoux, J., Le Roux, X., 
Lepage, M. (Eds.), Lamto, Ecological Studies. Springer, New York, pp. 63–74. 
https://doi.org/10.1007/0-387-33857-8_5. 

K.F. Koffi et al.                                                                                                                                                                                                                                  

https://doi.org/10.1016/j.actao.2022.103816
https://doi.org/10.1016/j.actao.2022.103816
https://doi.org/10.1007/0-387-33857-8_4
https://doi.org/10.1007/0-387-33857-8_4
https://doi.org/10.1111/j.1365-2435.2011.01848.x
https://doi.org/10.1111/j.0030-1299.2004.13038.x
https://doi.org/10.1111/j.0030-1299.2004.13038.x
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref4
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref4
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref5
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref5
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref5
https://doi.org/10.1111/j.1365-2435.2008.01476.x
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref7
https://doi.org/10.1016/j.actao.2005.05.008
https://doi.org/10.1111/j.1461-0248.2010.01506.x
https://doi.org/10.1111/j.1365-2745.2009.01634.x
https://doi.org/10.2307/3565311
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref12
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref12
https://doi.org/10.1016/0304-3800(95)00070-4
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref14
https://doi.org/10.2307/2937115
https://doi.org/10.2307/2937115
https://doi.org/10.1111/j.1461-0248.2010.01540.x
https://doi.org/10.1111/j.1461-0248.2010.01540.x
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref17
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref17
https://doi.org/10.1051/agro:2007062
https://doi.org/10.1051/agro:2007062
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref19
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref20
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref20
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref20
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref20
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref21
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref21
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref21
https://doi.org/10.3732/ajb.95.2.258
https://doi.org/10.3732/ajb.95.2.258
https://doi.org/10.1046/j.1365-2745.2001.00532.x
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref23
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref23
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref23
https://doi.org/10.1186/s13002-017-0184-5
https://doi.org/10.1007/BF00323539
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref26
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref26
https://doi.org/10.2307/2937136
https://doi.org/10.2307/1939207
https://doi.org/10.2307/1939207
https://doi.org/10.1111/j.1365-2745.2005.01003.x
https://doi.org/10.1111/j.1365-2745.2005.01003.x
https://doi.org/10.1017/S0266467418000391
https://doi.org/10.1111/jvs.12788
https://doi.org/10.1111/jvs.12788
https://doi.org/10.1016/S0961-9534(97)10071-X
https://doi.org/10.1016/S0961-9534(97)10071-X
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref33
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref33
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref33
https://doi.org/10.1111/j.1365-2745.2008.01415.x
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref35
http://refhub.elsevier.com/S1146-609X(22)00006-6/sref35
https://doi.org/10.2307/2528348
https://doi.org/10.1007/0-387-33857-8_5


Acta Oecologica 114 (2022) 103816

12

Moloney, K.A., 1988. Fine-scale spatial and temporal variation in the demography of a 
perennial bunchgrass. Ecology 69, 1588–1598. https://doi.org/10.2307/1941656. 

Murphy, B.P., Bowman, D.M.J.S., 2012. What controls the distribution of tropical forest 
and savanna?: tropical forest and savanna distribution. Ecol. Lett. 15, 748–758. 
https://doi.org/10.1111/j.1461-0248.2012.01771.x. 

N’Dri, A.B., Soro, T.D., Gignoux, J., Dosso, K., Koné, M., N’Dri, J.K., Koné, N.A., Barot, S., 
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and seasons in Côte d’Ivoire (West Africa) using MODIS fire data. South Afr. J. Sci. 
117, 1–13. https://doi.org/10.17159/sajs.2021/7659. 

Srikanthasamy, T., Leloup, J., N’Dri, A.B., Barot, S., Gervaix, J., Koné, A.W., Koffi, K.F., 
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