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Abstract: The influence of slope on Astronium graveolens population dynamics in a
Southern Brazilian Seasonal Semi-deciduous Forest was investigated by prospective (sensibility
and elasticity) and retrospective (LTRE-life-table-response-experiment) approaches. This study
addressed the following questions: (i) Do vital rates (fecundity, mortality and growth) differ
between slope (SA) and flat (FA) areas? (ii) Do population growth rates () differ between SA
and FA? Demographic data were collected from 5,000 m2 of FA and 5,000 m2 of SA. All A.
graveolens individuals within each plot were measured for height and grouped into five height
classes to determine their transition probabilities. Five annual surveys (from 2007 to 2011)
were conducted and demographic changes were described to total time interval (2007/2011) and
to four annual intervals (2007/08, 08/09, 09/10 and 10/11), using the matrix model. In general,
the probability of growth to taller height classes was higher in the SA, while the proportion of
deaths and fecundity were higher in FA. The  values differed between localities, although their
values were always close to one. The  values indicated that the A. graveolens population would
remain stable or decrease in the FA, while the population would remain stable or increase in
the SA. Therefore, the highest density of A. graveolens in the SA resulted from the higher
probability of survival and height growth of individuals in this area. Regeneration was higher in
the SA, probably due to environmental heterogeneity promoted by slope and associated factors.
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Introduction
Understanding the population dynamics of
tropical tree species and how they respond to
environmental
changes
or
environmental
heterogeneity are important goals in studies of
population ecology (Bruna & Oli 2005).
*Corresponding

Author; e-mail: bianchi@uel.br

Environmental heterogeneity is one of the main
factors that determines the floristic composition
and structure of tropical forests (Botrel et al. 2002;
Durigan et al. 2000; Lindner 2011), through birth
and death of individuals in these communities.
Tropical forests are highly heterogeneous
ecosystems because of diverse biotic and abiotic
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factors that interact constantly with the species
(Pulido et al. 2007). Topography has been
highlighted as one of the environmental factors
that influences the structures and dynamics of
forest fragments (Cielo-Filho et al. 2007; Yamada
et al. 2007) and in other kinds of vegetation (e.g.
Srinivasan et al. 2015). Slope is a complex
environmental gradient that include many factors
(Takyu & Kitayama 2002) such as soil water
availability (Becker et al. 1988; Daws et al. 2002),
soil texture (Pavanelli et al. 2011) and light
(Poorter et al. 1994; Tateno & Takeda 2003;
Tsujino & Yumoto 2007; Yamada et al. 2007).
Various studies in tropical and subtropical
forests have reported differences in tree species
density
across
topographic
gradients
(Bunyavejchewin et al. 2003; Tsujino & Yumoto
2007; Yamada et al. 2006; Zuidema et al. 2010).
For example, among seven Dipterocarpaceae
canopy species growing in steeper areas, the
highest density was recorded in Hopea odorata
Roxb., and Vatica cinerea King. (Bunyavejchewin
et al. 2003). Twelve tree species, among 17, showed
different densities in a topographical gradient in
Japan (Tsujino & Yumoto 2007), despite the
random or homogeneous distribution of seeds in
the study area. The differences in tree species
distribution could be attributed to anthropogenic
activities, the effect of competitors or other
biological enemies and habitat specialization
(Harms et al. 2001).
Whether niche differentiation occurs, species
growing in sites they are bests adapted are
expected to occur at higher density, while their
density will be lower in „niche margins‟, and may
reach zero in poor sites (Yamada et al. 2007).
Population traits that can affect tree density are:
fecundity (number of seedlings produced per
reproductive individual), survival of individuals
and growth to the final life stages.
A higher density of Astronium graveolens
Jacq., was recorded in sloppy areas in a seasonal
semideciduous forest (SSF) remnant of Southern
Brazil (Bianchini et al. 2010). The higher density
of A. graveolens in SSF occurred probably due to
favourable
microsites
that
enhanced
its
establishment and development (Pavanelli et al.
2011). A. graveolens is an emergent lightdemanding and drought resistant high value
hardwood timber species (Carvalho 2006). It is
typical Neotropical SSF species which has been
reported to be highly abundant in this forest type
(Bianchini et al. 2010; Dias et al. 2002; SoaresSilva et al. 1992). Due to selective logging in the

natural distribution range, A. graveolens has been
placed on the red list of endangered species in
Paraná State, Brazil (Hatschbach & Ziller 1995).
Information on tree species population
dynamics is critical in understanding how the
differences in density among habitats are
generated and maintained. The aim of this study
was to investigate how population dynamics
differed in topographically distinct areas. The
following questions were addressed by this study;
(i) Do vital rates (fecundity, mortality and growth)
differ between slope (SA) and flat (FA) areas? (ii)
Do population growth rates () differ between SA
and FA?

Materials and methods
Study site
The field investigation was carried out in a
SSF remnant in Ibiporã County, Paraná State,
South Brazil (23º17´51´´–23º18´34´´S, 50º58´04´´–
50º59´33´´W) at elevation of 464 m above sea level.
The study site covers approximately 100 ha at the
Tibagi river edge, on Doralice Farm (hereafter
Doralice remnant). The area has been protected
from human disturbance for at least the last 20
years. Large stems of hardwood timber species
such as Aspidosperma polyneuron Müll. Arg and A.
graveolens were recorded in accessible areas of this
remnant (Soares-Silva et al. 1992), suggesting that
the area was not severely logged in the past.
In the Doralice remnant, 105 tree species were
sampled in a 1 ha area (Soares-Silva et al. 1992).
The forest canopy height ranges from 8–12 m,
discontinuous at some points due to the opening of
gaps. The most common trees include Gallesia
integrifolia (Spreng.) Harms (Phytolaccaceae), A.
polyneuron (Apocynaceae), Ficus sp. (Moraceae)
and A. graveolens (Anacardiacae) and can reach up
to 35 m of height. The understory is closed and
dominated by species such as Sorocea bonplandii
(Baill.) W.C. Burger, Lanj. & de Boer (Moraceae),
Trichilia casaretti C. DC. (Meliaceae) and
Actinostemon concolor (Spreng.) Müll. Arg.
(Euphorbiaceae).
The Doralice remnant exhibits an area of high
declivity close to the Tibagi River edge. The southfacing sloppy area (hereafter SA) extends for about
40–50 m and further ahead the topography
gradually flattens until it becomes almost a
plateau. The flat area (hereafter FA) shows weak
to moderate steepness (< 10%), according to the
steepness of conventional classes (Garcia &
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Piedade 1987), while SA, which is 300 m away
from FA, shows very strong (20–40%) to extremely
strong (> 40%) steepness. Soils in the SA are
shallow and drier loam clay and loam soils that are
poor in nutrients, with rocky outcroppings. The FA
is dominated by deep clay and silty clay soils
(Pavanelli et al. 2011; Soares-Silva et al. 1992).
The climate of the study site (Cfa in Köppen´s
classification) is humid subtropical, with a hot and
humid season (October–March) and a cool and dry
season (April–September) (Bianchini et al. 2010).
The average annual temperature is 21.8 °C, with
February (24.6 ºC) and July (17.8 °C) being the
hottest and coldest months. The average annual
precipitation is 1570 mm (Bianchini et al. 2010),
with January being the wettest month (215.4 mm)
and August the driest month (46.5 mm). The
highest rainfall is received between November and
February and the lowest from May to August
(Costa et al. 2011).

Data collection and analysis
Data was collected in two 0.5 ha plots (SA and
FA). The use of larger plots in the Doralice
remnant was not possible due to small size of
remnant and small dimension of sloppy area.
Replications in other forest remnants were also not
possible because we could not find another
remnant with the same characteristics (slope, soil
types, and proximity to the river, conservation
status and historical use). Despite the limitation of
the study due to plot size and lack of replication,
the study is very important because A. graveolens
is an endangered species distributed in a highly
fragmented landscape, such as the one found in
Southern Brazil.
All A. graveolens individuals were measured
for height within each plot, using a Laser Distance
Meter, and tagged with metal plates. As it was not
possible to establish ontogenetic stages, the
population was grouped into five height classes:
C1: > 0–0.25 m; C2: > 0.25–0.5 m; C3: > 0.5–1 m;
C4: > 1–8 m; C5: > 8 m. Height was chosen instead
of stem base diameter to express the development
of individuals because it represents the population
structure more adequately in this light demanding
species. The tallest class was considered to
comprise the reproductive individuals (adults),
because these individuals were at canopy or above
it (emergent). Many big stems of trees such as
Bertholletia excelsa Humb. & Bonpl., a lightdemander (Zuidema & Boot 2002) only become
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Fig. 1. Life-cycle diagram of Astronium graveolens
showing the transitions used to construct the
population model. Arrows represent transition
probabilities between height classes (from one circle
to another) or stasis probabilities (from a circle to the
same one) and numbers represent the original (first
number) and fate (second number) height classes.
C1–C5 = height classes; F = fecundity; G = growth
(progression); Re = retrogression; S = stasis.

reproductive after attaining a position in the
canopy (Poorter et al. 2005).
Five annual censuses were carried out between
June and August from 2007 to 2011. The first two
surveys were conducted by Pavanelli et al. (2011)
and we calculated the transition probabilities
among height classes (Fig. 1) for each annual
interval, resulting in four annual intervals: 2007–
2008, 2008–2009, 2009–2010 and 2010–2011.
A transition matrix model (Caswell 2001) was
used to analyze the population dynamics of A.
graveolens. The matrix formula is: n(t+1) = A.n(t),
where n is a column vector whose elements (ni) are
the numbers of individuals in each height class at
time t or t + 1. A is a square matrix containing
transition probabilities among height classes
during one time-step (transition matrix). Finite
population growth rates (λ) were calculated for
both the SA and the FA using this model. A 95%
confidence interval for λ was estimated using
bootstrap with 1,000 permutations (Pulido et al.
2007) for each annual transition matrix.
Transition matrices for both the SA and FA
were constructed for total interval (2007–2011)
and for each annual interval (2007–2008, 2008–
2009, 2009–2010 and 2010–2011). Transitions
probabilities were calculated as the proportion of
individuals in each class following different fates
such as surviving and growing to the next height
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Fig. 2. Diagram showing the different height classes (C) of a population of Astronium graveolens on a slope area of
seasonal semideciduous forest fragment, Ibiporã County, Paraná State, Southern Brazil. I = recruitment of new
seedlings; N0 = number of individuals at time t; S = individuals that survived and remained (stasis) in the same
height class at time t+1; N1 = number of individuals at time t+1; M = number of dead individuals; solid arrows (to
the right) = progression for the next height class at time t+1; dashed arrows = retrogression to the previous height
class at time t+1.

class (sub-diagonal); surviving and remaining
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Fig. 3. Diagram showing the different height classes (C) of a population of Astronium graveolens on a flat
area of a seasonal semideciduous forest fragment, Ibiporã County, Paraná State, Southern Brazil. I =
recruitment of new seedlings; N0 = number of individuals at time t; S = individuals that survived and
remained (stasis) in the same height class at time t+1; N1 = number of individuals at time t+1; M = number
of dead individuals; solid arrows (to the right) = progression for the next height class at time t+1; dashed
arrows = retrogression to the previous height class at time t+1.

class (sub-diagonal); surviving and remaining in
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class (sub-diagonal); surviving and remaining in
the same height class (diagonal); surviving and
retrogressing to the preceding height class (supdiagonal). To estimate fecundity of C5 (first row),
the number of seedlings resulting from last
reproduction was considered. Fecundity is
calculated
empirically
by
analyzing
the
relationship of seedlings censused in an area to
total reproductive plant in the area (Menges 1990).
In this study, we estimated C5 fecundity by
dividing the number of new plants in C1 at time
t+1 by the number of plants in C5 at time t. A
probability of 0.001 or 0.999 was assigned when
entries of matrix were zero and one, respectively
(Souza & Martins 2004).
The resulting annual transition matrices (n =
8) were subjected to a log-linear analysis to test
the effect of “years” and “locality” (SA and FA) on
the fate of individuals (Caswell 2001; Pulido et al.
2007). This method evaluates the degree of
interdependence between explanatory factors
(years and areas) and the fate of individuals. This
analysis was performed using the Statistica
Program (StatSoft 2004). As the log-linear analysis
indicated differences in annual transition matrices
for years and localities, all transition matrices are
presented.
We used prospective analyses (sensitivity and
elasticity) to evaluate the relative contribution of
matrix entries to λ by providing information on
how much λ would change if matrix entries were
modified (Caswell 2000, 2001). These analyses
were performed for each time interval considered.
Furthermore, we used a retrospective analysis
(Life Table Response Experiment-LTRE), to
identify which elements of the transition matrix
contributed significantly to variations in λ in each
locality. LTRE analyses are based on the
construction of contribution matrices, which are
derived from the observed variation in the matrix
entries of the treatments combined with their
sensitivities (Caswell 2000; Pulido et al. 2007).
These contribution matrices indicate the extent to
which each demographic rate increased or
decreased the λ value of its corresponding
transition matrix compared to the λ value of the
average matrix (Pulido et al. 2007). As our
questions involved the comparison of the SA and
FA, we used a one-way fixed design, which
analyzed the effect of locality. We used the total
interval (2007–2011) transition matrix for each
locality and these were used to construct
contribution matrices for both SA and FA.

Matrix analyses and both prospective and
retrospective analyses were performed using the R
program, version 2.12 and popbio package (R
Development Core Team 2010).

Results
A higher density of A. graveolens was observed
in the SA in all sampling years (2007 to 2011). In
2007, the density per 100 m2 was 22.5  25.4 and
3.48  2.98 in the SA and FA, respectively. The
size structure differed between the SA and FA,
with a decrease in the number of plants from the
first to the last height class in the SA (Fig. 2). The
second class in FA revealed the highest number of
plants (Fig. 3). The results show that the number
of adults in C5 was 10 times higher in the SA
compared to the FA (Figs. 2 and 3). During the
study period, a decrease in the number of
individuals was observed in both the SA (from
1,126 to 892) and the FA (from 174 to 111) (Figs. 2
and 3).
Considering the 2007–2011 interval, the
fecundity was similar between the SA and FA, but
the probability of individuals remaining in the
same height class, especially in C1, C3 and C5 and
the progression probability to C4 and C5 was
higher in the SA compared to the FA (Appendices I
and II). The proportion of deaths was lower in the
SA than the FA, especially in C3 (Figs. 2 and 3).
The  values differed between the two areas, with
the SA having a  value greater than 1.0 and FA
smaller than 1.0. However, 95% confidence
interval of the λ value of SA included unity (Fig.
4).
In both the SA and FA, the population growth
rate was more sensitive to changes in progression
and persistence, especially for C4 and C5. In the
SA, the persistence of C5 individuals showed the
highest elasticity (Appendix III), while persistence
of C4 and C5 individuals showed the highest
elasticity in the FA (Appendix IV). Fecundity,
progression and retrogression elements had
relatively low contributions to the  value.
However, the relative importance of fecundity was
higher in the SA than FA.
Considering the annual intervals in both
areas, fecundity was higher from 2007–2009.
However, fecundity of zero was observed from 2009
to 2010 in the FA (Fig. 3). Although the total
number of new seedlings was higher in the SA
(Fig. 2 and 3), overall, the fecundity was higher in
the FA (Appendices I and II). In both areas, the
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Fig. 4. Population growth rate (λ) for each time
interval considered (2007/2011, 2007/2008, 2008/2009,
2009/2010, 2010/2011) of Astronium graveolens in flat
areas (open circles) and slope areas (solid circles) of a
seasonal semideciduous forest remnant, Ibiporã
County, Paraná State, Southern Brazil. Error bars
indicate 95% confidence interval for λ.

Fig. 5. Contribution of the different demographic
processes (F= fecundity; G = growth; R= retrogression;
S= stasis), according to life–table–response–experiment
(LTRE), to the observed variation in λ of two Astronium
graveolens populations (FA = flat area; SA = slope area)
of a seasonal semideciduous forest fragment, Ibiporã
County, Paraná State, Southern Brazil.

Fig. 6. Detailed results of the life–table–response–
experiment (LTRE), indicating the contribution of all
matrix entries to the observed difference between the
λ of each population (FA = flat area; SA = slope area)
and that of the overall average matrix (λPD). S =
stasis; R = retrogressions; G = growth (progression);
F = fecundity. The first numbers of the x-axis refers
to the origin class and the second refers to the fate
class.

number of dead individuals differed among years,
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number of dead individuals differed among years,
with more death recorded from 2009 to 2010 (Fig.
2 and 3). Death in both areas occurred mainly in
the first three height classes, with highest values
observed in the C1 in all periods, except from 2007
to 2008 in FA (Fig. 2 and 3). Our results show that
the proportion of dead individuals was higher in
the FA. Progression was recorded in all height
classes in the SA and only occurred in C2 and C3
in FA (Fig. 2 and 3). Therefore, in FA, numerical
changes in the population involved individuals
that had up to 1 m in height.
For the SA, the probability of remaining in the
same height class was higher than 60% with little
variation over the years. Lowest values were
observed in C1 from 2010 to 2011. Progression
occurred among all classes, with a maximum of
16% from 2008 to 2009 for C3 (Appendix I). In the
FA, the probability of individuals remaining in the
same height class varied greatly over the years,
with lower values (29%) in C1 from 2009 to 2010.
Progression to the next height class varied
between the periods analyzed, with highest value
(24%) recorded in C1 and C2 from 2007 to 2008
and 2010 to 2011 (Appendix II).
In both localities, population growth rates (λ)
were slightly under or above unity but all λ values
included unity in 95% confidence interval, with the
exception of 2008–2009 in the SA and 2009–2010
in the FA (Fig. 4). The population growth rate was
more sensitive to changes in progression and
persistence in both areas, especially for C4 and C5.
Therefore, small changes in these rates will have
major impacts on the  value. The largest
proportion of total elasticity is confined to stasis
entries (Appendices III and IV). The highest
elasticity was observed in the persistence of C5
individuals in the SA and in the persistence of C4
and C5 in the FA. Fecundity, progression and
retrogression elements contributed relatively low
to the  value. However, the relative importance of
fecundity was higher in SA than FA.
The LTRE analyses show that the λ value of
the overall average matrix (λPD) was 0.9529. The
population in the SA exhibited a higher λ (1.0225)
than the λPD, mainly due to the positive
contribution of stasis (Fig. 5). In the FA
population, the λ value was lower (0.8681) than
the λPD due to the negative contribution of stasis
and growth (Fig. 5). The differences in the λ values
between the SA and the FA were mainly related to
stasis in the C5 and progression of individuals
from C3 to C4 and C4 to C5 (Fig. 6).
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Discussion
Although the probabilities in the 2007–2011
projection matrixes were calculated at an interval
of four years, their projections indicate that the A.
graveolens population would exhibit a decreasing
trend in FA and increasing numbers in the SA.
Light demanding tree species, such as A.
graveolens, occur mainly in gaps and forest edges.
Therefore, the maintenance of such species in the
interior of mature forest depends on events that
promote the rupture of the canopy, which are
sporadic in time and space. The FA area has a
more closed canopy (Pavanelli et al. 2011) when
compared with SA, thus, having less favorable
microsites for regeneration of light demanding tree
species. The SA exhibited more favorable
microsites for regeneration A. graveolens because
not only was the canopy more open, but it also had
the presence of shallow soil (less water retention
capacity) that favors the occurrence of droughtresistant species.
The different values of the finite population
growth rate among annual intervals might result
from environmental stochasticity, with favorable
and unfavorable years for population growth in
both areas. Favorable environmental conditions
(rainfall, temperature, etc) could increase the
progression of individuals to subsequent height
classes, decrease mortality and/or increase
fecundity of the A. graveolens population (as
observed in the two first survey of this study). As
the λ values were very sensitive to changes in the
first two vital rates, in favorable years its value
would be higher and A. graveolens population size
would increase. Years with very low temperatures
(frost) or prolonged periods of low rainfall, as was
the case in the winters of 2010 (153 mm) and 2011
(230 mm) in the region, can lead to increased
mortality or decreased progression to next height
class, which might be responsible for a decline in
the λ value, as observed in the two last census in
the SA and in 2009–2010 in the FA.
The higher density of A. graveolens in SA,
probably resulted from higher survival and
progression to next height class (growth height) in
this area, suggests a greater number of favorable
microsites for regeneration in the SA than in the
FA. According to the hypothesis of “niche
differentiation”, species density is higher in areas
with favorable environmental conditions, and
lower in marginal areas (Islam et al. 2016;
Yamada et al. 2006, 2007). Changes in factors
associated with slope, such as water availability,

soil composition and depth (Cielo Filho et al. 2007;
Comita & Engelbrecht 2009; Daws et al. 2002;
Gibbons & Newbery 2003), and especially solar
radiation, might explain the greater number of
favorable microsites for regeneration and density
of A. graveolens in SA.
In more illuminated localities such as the SA,
average air temperature and evapotranspiration
are usually higher than in shaded localities such
as the FA. All these factors may cause temporal
and spatial heterogeneity and promote changes in
vital rates and in λ values. Light-demanding and
drought-tolerant species such as A. graveolens
might be favored in sloppy areas as suggested by
Pavanelli et al. (2011). The higher survival and
growth height of A. graveolens in this area
corroborates this information.
Competition can also promote changes in
population size affecting birth and survival rates
(Marques & Joly 2000). The highest proportion of
deaths in C1 and C2 in the FA could also be
associated
with
higher
competition
from
herbaceous species compared to the SA, because
several ground patches covered by dense
herbaceous vegetation were observed in the FA.
The more closed forest canopy in the FA (Pavanelli
et al. 2011) associated with shading promoted by
the canopy of herbaceous species might contribute
to higher mortality and lower growth height
observed in A. graveolens. Mory & Jardim (2001)
also observed lower recruitment of Goupia glabra
Aubl., a light-demanding species, in areas with
lower solar radiation. Herbaceous species also
exert competitive effect on seedling survival and
growth on tropical forest (Islam et al. 2016; Saikia
& Khan 2013)
Although other biotic factors could also be
important in population dynamics, we did not
record leaf herbivory or seed predation in A.
graveolens in either area. In contrast, Klinger &
Rejmánek (2010) observed that sites with high
densities of seed predators had the highest rates of
seed predation and lowest rates of seed
germination, but a higher number of dispersed
seeds and a higher density of seedlings, saplings,
and adults of Astrocaryum mexicanum Liebm. ex
Mart. in these sites.
The vital rates of A. graveolens differed
between the FA and SA and stasis mostly
contributed to the λ values. In the SA, progression
occurred in all height classes, indicating that even
with low fecundity and high mortality at the
smallest height classes, this area offers favorable
conditions for survival and growth of larger
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individuals, which increases the probability of
growth to the last height class (C5). In the FA,
there was a deficit in progression to the last height
class (C5) and stasis could be reduced to only 29%.
The specific causes of mortality were not
identified. However, competition in the FA
provided by herbaceous plants could be an
important factor, whereas in the SA the burial or
uprooting of smaller individuals was probably the
main cause of mortality.
High survival of larger individuals, especially
adults (high values of elasticity), can ensure the
maintenance of the population, given that the
seeds produced by them could have an important
role in the population dynamics (Nabe-Nielsen
2004).

Conclusion
Our results indicate that vital rates of A.
graveolens differed between areas; while the
progression of individuals to subsequent height
classes, mainly in C4 and C5 was higher in SA
than in FA, the proportion of deaths and fecundity
were lower in SA. For these reasons, population
growth rates differed between the localities,
although their values were always close to one. In
general,  values indicated that the A. graveolens
population size would remain stable or decrease in
FA, while population size would remain stable or
increase in SA, if environmental conditions are
maintained over time and the forest fragment is
preserved.
The higher density of A. graveolens in SA
might be caused by better adaptation of this
species to the slope environment, indicating the
importance of this species in the occupation of
areas with steep slopes.
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Appendix I. Transition matrices for the Astronium graveolens population on the slope area of a seasonal
semideciduous forest fragment, Ibiporã County, Paraná State, Southern Brazil. λ = finite population growth
rates  95% confidence interval. C = height class. The values with an asterisk (*) have been adjusted as
proposed by Souza and Martins (2004).
2007–2011
λ=1.023 ± 0.063
(n = 1,126)

C1

C2

C3

C1

0.351

0.109

0.041

C2

0.224

0.444

0.172

C3

0.017

0.130

0.517

0.045

0.010

0.117

0.705

C4
C5
2007–2008
C1
λ = 1.056 ± 0.064
C2
(n = 1,126)
C3

0.838

0.089

0.007

0.097

0.833

0.138

0.004

0.061

0.814

0.045

0.034

0.920

0.636

0.098

0.021

0.150

0.700

0.063

0.001

0.158

0.769

0.009

0.140

0.944

C5
2009–2010
C1
λ = 0.953 ± 0.061
C2
(n = 1,278)
C3
C5
2010–2011
C1
λ = 0.977 ± 0.061
C2
(n = 1,089)
C3
C4
C5

0.999*
3.889

0.037
0.653

0.161

0.025

0.079

0.705

0.210

0.003

0.045

0.704

0.090

0.019

0.902

C4

0.969
6.813

0.036

C4

C5
3.562

0.134

C4
C5
2008–2009
C1
λ = 1.072 ± 0.064
C2
(n = 1,305)
C3

C4

0.972
0.513

0.057
0.609

0.100

0.021

0.114

0.674

0.113

0.002

0.056

0.725

0.050

0.006

0.049

0.891

0.949
0.114

0.030

0.977
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Appendix II. Transition matrices for the Astronium graveolens population on the flat area of a seasonal
semideciduous forest fragment, Ibiporã County, Paraná State, Southern Brazil. λ = finite population growth
rates  95% confidence interval. C = height class. The values with an asterisk (*) have been adjusted as proposed
by Souza and Martins (2004).

2007–2011
λ = 0.868 ± 0.058
(n = 174)

C1

C2

C3

C1

0.120
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0.001*

0.999*
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Appendix III. Elasticity matrices for the Astronium graveolens population on the slope area of a seasonal
semideciduous forest fragment, Ibiporã County, Paraná State, Southern Brazil. Numbers in bold indicate the
highest values and *represents values below 0.001.

2007–2011

C1

C2

C3

C1

0.021

0.003

0.0*

C2

0.032

0.030

0.004
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0.008
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0.035
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0.109

0.006
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0.025

0.116
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0.001

0.023

0.158
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0.004

0.0*
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0.077
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0.001
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0.257

C5
2009–2010
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0.011

0.001
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0.004

0.016
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0.017
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0.004
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0.0*

C2

0.001
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0.0*
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0.012

C5

0.326
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0.385
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0.847
0.001
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Appendix IV. Elasticity matrices for the Astronium graveolens population on the flat area of a seasonal
semideciduous forest fragment, Ibiporã County, Paraná State, Southern Brazil. Numbers in bold indicate
the highest values and *represents values below 0.001.
C1
2007–2011

C2

C3

C1

0.003

0.0*
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0.010

0.008

C3

0.010

0.004

0.011

0.005

0.014
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C1

0.049

C2

0.021

C3

0.248

0.029

0.123

0.005

0.026

0.231
0.021

0.006

0.0*

C2

0.006

0.015

C3

0.005

C4

0.007
0.005

0.473
0.005

0.0*

0.358
0.005

C5
0.0*

0.473
0.0*

C2

0.0*

0.0*

0.0*

C3

0.0*

0.0*

0.003

0.0*

0.0*

0.718

0.056

0.056

0.166

C4
C5
2010–2011

0.075

0.009

C1

C1

0.056

0.108

C5

2009–2010

0.536

0.021

C4

2008–2009

C5
0.019

C5
2007–2008

C4

C1

0.0*

0.0*

0.0*

C2

0.0*
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0.0*

C3
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0.001
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C4
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0.997

