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ABSTRACT

Aniba rosaeodora is a valuable species of the Amazon, being extensively logged to extract linalool - a secondary metabolite that
fixes cosmetic perfumes, which has led to its overexploitation and near extinction. Forest conservation and management efforts
are hampered by insufficient knowledge about the distribution of A. rosaeodora seedling and population structure. Therefore,
in the present study we sought to understand these patterns in a central-eastern tropical forest in the Peruvian Amazon, where
seed dispersal result mainly from barochory and zoochory. The average distance of seedlings from their seed trees was 18.3
+ 9.3 m, with a maximum of 44 m from the seed tree, and the emergent population structure was 53.4% seedlings; 12.2%
saplings; 27% stems and 7.4% adult trees, fitting the Weibull model (shape 2.1; scale 20.2). In selected plots, we observed
population density ranging from 7 to 3.3 ind ha’!, with a low presence of adult trees (0.5 ind ha). Trees with diameters
> 20 cm were grouped in clusters of 2 to 5 individuals, with a Morisita index of 1.97 in the F-distribution (p > 0.05) and were
spaced on average 97 to 110 m apart. Our analysis indicated that the population was unsustainable, with a high probability
of co-ancestry, as indicated by the exponential (R? = 0.98) and Liocourt’s quotient (q = 1.5-3). Nevertheless, the area holds
significant potential for the conservation of the species” genetic resources.
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Dispersion de plantulas y estructura poblacional de palo rosa (Aniba
rosaeodora Ducke) en Ucayali, Peru

RESUMEN

La Aniba rosacodora es una especie valiosa del bioma amazénico, talada para extraer linalol, un metabolito secundario fijador
de perfumes cosméticos, llevandola a su sobreexplotacion, y cerca de su extincién. Mas, los esfuerzos de conservacién y manejo
forestal se dificultan por el insuficiente conocimiento sobre la distribucién de las pldntulas y estructura poblacional de A.
rosaeodora. Por lo tanto, en el presente estudio buscamos conocer estos patrones, en un bosque tropical centro oriental en la
amazonia peruana, donde la dispersién de semillas se produce principalmente por barocoria y zoocoria alcanzando una distancia
media de 18,3 + 9,3 m, con una méxima de 44 m desde el drbol semillero, y una estructura poblacional emergente de 53,4%
pléntulas; 12,2% brinzales; 27% fustales y 7,4% 4rboles adultos, lo que se ajusta al modelo de Weibull (forma 2,1; escala
20,2). En parcelas seleccionadas observamos que la densidad varia de 7 a 3,3 ind ha', con una baja presencia de drboles adultos
(0,5 ind ha'). Los drboles con didmetros > 20 cm se agrupardn en nicleos de 2 a 5 individuos, con un indice de Morisita de
1,97 en la distribucién F (p > 0,05), y se encontraban espaciados en promedio entre 97 y 110 m. La poblacién presenta una
recuperacién insostenible en el 4drea de estudio, con alta probabilidad de coancestria, segtin el ajuste al modelo exponencial
de Meyer (R? = 0,98) y al coeficiente de Liocourt (q = 1,5-3). No obstante, el 4rea posee un potencial significativo para la
conservacién de los recursos genéticos de la especie.
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INTRODUCTION

One of the most valuable native tree species in the Amazon
biome is Aniba rosaeodora Ducke (Lauraceae family), or
rosewood. The species has been overexploited for decades to
extract linalool, a secondary metabolite valued in the cosmetic
industry as an excellent perfume fixer (Amusant ez a/. 2015;
Amusant ez al. 2016; Giongo et al. 2017). Overexploitation
has led to the decline of both populations and oil production,
with the consequent genetic erosion of A. rosaeodora natural
populations, putting the species at risk of extinction in heavily
exploited areas (May and Barata 2004) and leading to its
inclusion on the IUCN list of threatened species (Barstow
2021). Although linalool is present in all parts of the tree, its
yield for oil extraction is 1.4 and 2.4% from wood and leaf
biomass, respectively. Oil has been primarily extracted from
the wood (Aradjo et al. 1971; Teles and Mouchrek 2022)
which implies the destruction of the tree and consequently its
death, this has led to an increase in research for the extraction
of oils from the leaves.

Aniba rosaeodora flowers’ are pollinated by insects, its seeds
are dispersed by zoochory, mainly by mammals and birds,
particularly parrots and toucans (Araujo 1967; Spironello ez
al. 2004), who after feeding on its pulp and digesting them,
transport the seeds to different locations and distances in the
forest randomly. Reproduction begins when individuals reach
about 10 cm in diameter at breast height (DBH) (Spironello
et al. 2003). However, several studies have shown that seed
production in these individuals is scarce, intermittent, and
of low viability (Spironello et 4l., 2021). Moreover, studies
in Amazonian plantations indicate that although young trees
grow at moderate rates, they do not reach stable reproductive
capacity or contribute effectively to regeneration until they
exceed 25 cm in diameter at breast height (DBH) (Perea-
Gonzales, 2022; Ferndndez-Silva, 2023). Therefore, early
sexual maturity does not guarantee functional maturity, as
it does not significantly contribute to natural regeneration
and population sustainability (Condit, 1995). In adulthood,
individuals can reach up to 30 m in height and 2 m in DBH
(Kubitzki and Renner 1982); in Ucayali, Peru, trees have been
reported in natural populations with approximately 25 cm in
DBH and a maximum total height of 26 m (Gudtierrez ez al.
2023; Revilla-Chavez et al. 2024).

Trees have a straight and cylindrical trunk, yellowish or
reddish-brown bark that easily separates into large plates, and
a narrow, oval crown. The species occupies the intermediate
or upper stratum of the forest canopy and occurs in Brazil,
Colombia, Ecuador, French Guiana, Guiana, Peru, Suriname,
and Venezuela (Kubitzki and Renner 1982). It is found in
both dry and moist forests, with a preferred habitat on plateaus
and streams (Kubitzki and Renner 1982). Population density
is generally low, ranging from two (Loureiro ez al. 1979) to 27
trees/ha (Mitja and Lescure 1996) for trees with DBH > 10 cm
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in terra-firme forests north of Manaus, Brazil. Near to Manaus,
the density for DBH > 20 cm ranged from 0.12 to 0.16 trees
ha' (Alencar and Fernandes 1978). The spatial distribution of
adult trees on those sites was clustered in groups (five to eight
trees), with spacing among trees ranging from 50-100 m and
300-400 m between groups (Alencar and Fernandes 1978).

The natural regeneration of A. rosaeodora is irregular and
infrequent. The recruitment of seedlings generally occurs near
to seed trees, from seeds dispersed by barochory. Previous
studies have shown the occurrence of juvenile individuals in the
area surrounding about 70% of seed trees, with approximately
50% of these juveniles distributed within a radius of four to
10 m, and no individual beyond 23 m (Araujo 1967; Mitja
and Lescure 1993; Mitja and Lescure 1996; Santana 2000).
Seed dispersal also occurs by zoochory (Araujo 1967), an
important aspect of seed dispersal as it influences the genetic
and population structure of tree species (Dick ez al. 2008;
Ellstrand 2014). However, these processes are affected by
forest overexploitation and the spatial fragmentation of
remaining stands, which can lead to reductions in gene flow
and seed dispersal between populations (Braga & Collevatti
2011; Tambarussi et al. 2015), giving rise to generations
of seedlings that are increasingly related to the nearest seed
tree (Manoel er al., 2017). Seed dispersal is a fundamental
element of natural regeneration that ensures the sustainability
of forest resources over time when it occurs in a random and
complex manner (Rodriguez & Mandujano 2007; Calama
et al. 2017). This phenomenon determines the potential
area of recruitment of new individuals and establishes the
foundation for subsequent processes, which are influenced by
the tree’s genetics, age, position in the forest canopy, among
other factors (Campoe ¢t al. 2013). Therefore, the species
may have a reduced dispersal capacity due to environmental
factors, resulting in limited numbers of seeds reaching the soil.
During dispersal, seed predation is one of the main causes
of mortality in the tree’s reproductive cycle (Norden 2014;
Munoz 2018). A. rosaeodora can lose up to 60% of its seed
viability, with approximately 50% of the mortality associated
with insect infestations (Spironelo ez a/. 2003) and viability
can be affected by severe inbreeding processes (Sebbenn ez al.
2011; Sant’Anna et al. 2013).

Anthropogenic interventions can alter the structural
dynamics of forests that have developed under natural
processes, whose regeneration is typically characterized by an
inverted “J”-shaped distribution of seedlings, juveniles, and
adults, along with a sigmoidal growth pattern (Rasal ez al.
2012). The inverted “]J”-shaped curve can be modeled by the
negative exponential function of Meyer (1952), where a high
R? indicates minimally disturbed forests (Alder, 1980). At the
same time, Liocourt’s quotient (q) has been used to estimate
the balance between successive diameter classes in various
forest species. Typical values (1.3 to 2.5) indicate sustained
regeneration, while deviations suggest possible disturbance
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(Liocourt 1898; Silva et al. 1984). Moreover, the Morisita
index (1959) has been used in various studies to classify the
spatial distribution of trees, providing insight into genetic
connectivity within the population (Morisita 1959; Krebs
1999). Likewise, the Weibull model (Weibull 1939) has been
used to describe seedling dispersion, given its flexibility to
represent asymmetric patterns of dispersion and mortality.
This function has proven effective in modeling seedling
aggregation near the parent tree, especially under mixed
dispersal mechanisms such as barochory and zoochory (Pérez-
Lépez et al. 2019). Altogether, these indicators are essential
for diagnosing the population structure of Aniba rosacodora
and guiding effective management and conservation strategies.

Towards this goal, the present study seeks identifying
seedling dispersion patterns, density, and population structure
dynamics of A. rosaeodora in a forest concession, which would
contribute to developing strategies for conserving genetic
resources for the development of breeding and domestication

programs, reducing pressure on forests.

MATERIAL AND METHODS
Study site

We carried out the study in the Forest Concession of the
Company LUSH SAC, located in the Iparia district, Province
of Coronel Portillo, Ucayali, Peru (between 9°12’7.57”S
74°3’33.01” W, 9°13°18.88” § 74°2°21.05” W, 9°12°8.37” §
7402°23.05” W, 9013°18.25” § 74°3°31.02” W). This location
is a hot spot of genetic diversity of A. rosaeodora occurrence
in the department of Ucayali (MINAM 2015; Guizado ez 4l.,
2020). The concession is located in a low terrace forest (Btb)
and is a transitional zone between tropical humid forest and
tropical premontane very humid forest (bh-T/bmh-PT). In
this area, the mean annual temperature is 24.9°C and the total
mean annual rainfall is 1603.8 mm ha year! (GRU 2017).
We examined the population structure of A. rosaeodora in the
Permanent Production Forest (Forest Concession) using two

different forest plot types.

Plots for evaluating seedling dispersion

Three circular sampling plots (1-D, 2-D, 3-D) of 50 m radius
with an area of 0.785 ha each were established, for a total
of 2.4 ha. Each one composed of three concentric subplots
(Sp1, Sp2, Sp3), treated as nested units forming three rings
with a radius of 12.5 m and an area of 0.0491 ha, of 25
meters with 0.1473 ha and of 50 m with an area of (0.5890
ha) respectively, the distance between seedling dispersal
plots is 194 m from 1-D to 2-D, 1800 m from 2-D to 3-D,
and 1926 m from 3-D to 1-D (Figure la, b). Each plot was
installed with a seed tree as its central point. Within the plots
and subplots, all A. rosaeodora individuals were classified by
diameter category: seedling and adult, according to MINAM
(2015): seedlings: naturally regenerating plants with a height

3/13 VOL. 55 2025: e55a924264

Revilla-Chavez et al. Seedling dispersion and population structure of rosewood

of 30 to 50 cm; saplings: plants with a diameter greater than
5 cm and less than 10 cm at 30 cm from the ground (D30)
and one to less than three m in height; stems: plants with a
DBH of 10 cm and less than 25 cm, and a height greater
than 50 cm; and adults: trees with a DBH greater than 25
cm. The evaluation consisted of counting the number of
individuals, measuring height and diameter, and recording
their geographic coordinates. Diameter at breast height
(DBH) was measured with a measuring tape at a height of 1.3
m above ground level or over 30 cm where the root flanges.
Total tree height (H) was measured with a clinometer, from
the base of the tree to the apex of its crown.

We calculated the relative abundance of seedlings (n, %),
arithmetic mean (mean) of the seedling density per square
meter (seedlings m*), standard deviation (SD ), coefficient
of variation (CV), and arithmetic mean distance to seed tree
(mean), distance range (range), coefficient of variation (CV)
per plot, subplot, and for all plots using dynamic tables tools
for analysis. Seedling dispersion distance (D) was calculated
as the Euclidean distance between the central focal tree and
each seedling. The Weibbul adjustment was used to model
the dispersion distances from seedlings to the seed tree
(Weibull 1939; Pérez-Ldpez et al., 2019), due to its ability to
adjust to asymmetrical dispersal patterns, which are common
in species with predominantly barochoric or zoochoric
dispersal. Regression models with the highest coefficient of
determination (R?) were selected.

Plots for evaluating population structure

The sample plots were established based on the A. rosaeodora
population census conducted in the forest concession for three
annual cutting plots (ACP) over an area of 823 ha. Three plots
were established in areas with the known occurrence of A.
rosaeodora trees, adapting the methodology of the Flora and
Vegetation Inventory of the Peruvian State (MINAM 2015).
The total sampling area was 27 ha distributed in three plots
(1-E, 2-E, 3-E) of 9 ha (300 x 300 m) each, the distances
between population structure assessment plots are 442 m from
1-E to 2-E, 692 m from 2-E to 3-E, and 1430 m from 3-E to
1-E (Figure 1a,c), in an area classified as a critical point for the
conservation of genetic diversity (MINAM 2015; Guizado
et al. 2020). In each plot, the evaluated individuals were
georeferenced using UTM coordinates. In addition, the DBH
(cm) and individual height (m) for four growth categories were
taken: seedlings — naturally regenerating plants with a height of
30 to 50 cm; saplings — plants with diameter > than fiveand < 10
cm at 30 cm from the ground (D30) and one to < three m tall;
stems — plants with 10 >5DBH< 25 cm, and height greater than
50 cm; and adults — trees with DBH> 25 cm (MINAM 2015).

Based on the results of the natural regeneration dispersion
study, a dispersion map and horizontal population structure
of the species was developed. To do so, an area of seedling
dispersal around mature trees (trees that produce seeds) was



ACTA
AMAZONICA Revilla-Chavez et al. Seedling dispersion and population structure of rosewood

Figure 1. A - Location map of plots for A. rosaeodora seedling dispersal (1-D, 2-D, 3-D) and population structure (1-E, 2-E, 3-F) assessments; B - Design of plots and strips
to evaluate the population structure and distribution of A. roseadora seedlings; C - Plot design for the evaluation of the dispersal of A. rosaeodora plants smaller than 50 cm.
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established, considering that the main dispersal processes of A.
rosaeodora are barochory and zoochory. With the abundance
and DBH data, the population density (ind ha™') of saplings,
stems, and adults was determined, and abundance histograms
with five diameter classes: 10 (5-15cm), 20 (16-25 cm), 30
(26-35 cm), 40 (36-45 cm) and 50 (46-55cm) were developed
to model the normal distribution pattern of the population.
This was done by fitting Meyer’s (1952) exponential equation:
y=c<, e “*, where y is the estimator of the total number of
trees in the diameter class x, expressed by their class mark in
centimeters; i, are the model parameters, calculated for the
complete sample and for the species. This model helps assess
whether the population follows a typical natural regeneration
pattern and to detect signs of disturbance or overexploitation.

We determined the population recovery status based
on the assumption that abundance in all population classes
resembles an inverted J, with adjustment for the Meyer
exponential model and the Liocourt coefficient (g) (Meyer,
1952) as an indicator of the stability of the diameter cla}svses
in the population. For individuals with DBH> 5 cm: g=5",
where g=Liocourt coefficient; NV, = number of individuals
in the largest diameter class; /V = number of individuals in
the lowest diameter class.

For the analysis of dispersion in the population structure,
we used the Morisita index (Morisita 1959), applying the
following equation:

and

where: =>1 grouped and/or aggregated; =1 aleatory and <
lis regular

We used this index because it allows us to determine
whether individuals are distributed in aggregated, random,
or uniform patterns, which is essential for understanding
ecological processes such as seed dispersal, genetic structure,
and habitat use.

Data were processed in Microsoft Office Excel 2019 using
pivot tables and R-Studio R 4.0.0 (R Core Team, 2020).
The census dispersion and population structure maps were
made using the open source software QGIS Desktop 3.34.0
(QGIS Project, 2024).

RESULTS

Seedling dispersion
The mean dispersion distance measured between progenies
and seed trees was 18.3 + 9.2 (SD) m, and a CV of 50%
(Table 1, Figure 2 a,b,c). The maximum dispersal distance
observed was 44 m (Figure 2 a,b,c and Figure 3a). Seedling
density (mean) for all plots was 0.03 seedlings m? (Table 1).
Seedling dispersal was adjusted to the Weibull model with
reference to the seed tree and dispersing animals (Figure 3a).
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The best fit of the A. rosacodora seedling dispersal data to the
Weibull model is within the average shape parameters of 2.09
and an error of 0.12 with a scale of 20.23 for an error of 0.72
and a correlation between shape and scale of 0.31. (Figure 3b).

Population structure

We found a total of 189 individuals of A. resaeodora distributed
across the four categories with similar rank order across plots
(Tables 2 and 3, Figure 4): 53.4% seedlings; 12.2% saplings;
27% stems and 7.4% adults. The mean population density
by diameter class was 3.7 ind ha! for seedlings, 0.9 ind ha™!
saplings, 1.9 ind ha! stems and 0.5 ind ha' adult trees (Table
2). We found a mean overall density of 7 ind ha! (including
seedlings). The proportion of the distribution structure by
plant class are maintained in the evaluated plots with 1.1 to
5.7 seedlings, 0.6 to 1.1 saplings, 1.4 to 1.9 stems, and 0.4
to 0.6 adults, with a mean of 3.7, 0.9, 1.9, and 0.5 ind ha!
respectively, and a SD of 2.4, 0.3, 0.8, and 0.1 (Table 2).
The adjustment of A. rosaeodora population abundance per
diameter class with the Meyer’s (1952) exponential equation
showed y = 118.91e*”" and R?= 0.98 (Figure 3), with
Liocourt coefficients (¢) ranging from 1.5 to 3.0 (Table 3).
The Morisita index for this population was /;=1.97, i.e. >1
(p < 0.05) indicating an aggregated pattern.

DISCUSSION
Seedling dispersal

We found that most dispersal occurs at small distances from
the parent tree (up to 20 m), leading to a high (75%) relative
abundance of seedlings up to 12.5 m from the parent. A similar
pattern was previously identified by Santana (2000), who
reported that 79.27% of seedlings were located between four
to 10 meters from the seed tree. The observed seedling dispersal
patterns are consistent with two dispersal systems: dispersal
over small distances by a barochoric mechanism and dispersal
over longer distances by a zoochoric mechanism, potentially
by birds (Psittacidae and Ramphastidae families) and the few
mammals that feed on the pulp (Araujo 1967; Santana, 2000).
Previously, Spironello ez al. (2003) found that 75% of toucans
that ingested the fruits dispersed them at distances greater than
50 m from the seed tree (via regurgitation, 15-30 minutes
after ingesting the fruit), while 30% of parrots that ingested
the fruits dispersed 40% of the seeds after a few minutes.
Although the seedlings in our study reached distances of up
to 44 m from the seed tree, likely a result of animal dispersal,
the frequencies of large-distance dispersal are low, consistent
with Santana (2000).

The general pattern observed here points towards a
predominance of short-distance seed dispersal. However, this
requires further analysis, preferably based on maternity and
paternity tests using genetic markers such as microsatellite loci.
Considering that the isolation of overexploited forests favors
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Table 1. Seedling abundance (n, %), density (seedlings m?) and mean distance between seedlings to seed tree (m) for plots, subplots and total for Aniba rosaeodora

in a forest concession in the Iparia district, Ucayali, Peru.

Plot Subplot Abundance Density (seedlings m?) Distance to seed tree (m)
n A% Mean SD CV, (%) Mean sD Range CV,(%)

1-D 150 100 0.02 - - 17.9 8.3 2.8-42.2 46
Sp1 37 247 0.08 - - 74 30 28-124 17
Sp2 72 48.0 0.05 - - 18.9 34 13.5-25 19
Sp3 41 27.3 0.01 - - 256 79 26-42.2 44

2-D 29 100 0.00 - - 20.2 13.1 3.2-44 65
Sp1 12 414 0.02 - - 7.8 38 3-125 19
Sp2 7 24.1 0.00 - - 18.7 35 14.4-24 17
Sp3 10 345 0.002 - - 36.2 5.7 26.2-44 28

3-D 26 100 0.00 - - 14.0 6.7 1-27.6 48
Sp1 9 346 0.02 - - 6.3 43 1-12 31
Sp2 16 61.5 0.01 - - 174 26 13.1-24 19
Sp3 1 39 0.0002 - - 27.6 0 276 0

Total summary

1-D, 2-D, 3-D 205 100 0.03 - - 18.3 9.2 1-44 50
Sp1 58 283 0.12 0.04 73 7.3 19 1-12.5 47
Sp2 95 463 0.06 0.02 34 18.7 18 13.1-25 76
Sp3 52 254 0.01 0.03 49 30 29 26.2-44 39

n = abundance of individuals per plot, and A% = abundance percentage per area; SD= standard deviation; CV,= Density variation coefficient (%); CV,= Distance variation

coefficient (%).

endogamous reproduction and that inbreeding offspring rates
increase for seedlings closer to the seed tree (Pereira ez a/. 2020),
the seedlings likely have greater levels of relatedness with the
nearest seed tree (Sebbenn et 2/. 2012; Manoel ezt al. 2017;
Manoel et al. 2021). These events create a restricted spatial
genetic structure, since fragmented habitats present an increase
in the deleterious genetic load and reduce heterozygosity,
which weakens vigor, fertility, biomass reduction, germination
and the capacity to adapt to environmental changes (Dussex
et al. 2023; Aguilar et al. 2019).

Population structure

The total mean population density (including seedlings,
saplings, stems and adults) was high (7 ind ha™'), but adult
trees had very low density (< 1 ind ha'). A total population
density of 0.547 ind ha” was found previously in the same area
(Gutierrez 2023) and 0.77 ind ha™ (for trees >15cm DBH)
in the Tapajés National Forest, Brazil (Carvalho 1983). The
difference between the density estimates for the same area may
have arisen from the differences in sampling design - plots of
300 x 300 m in areas with known occurrence of A. rosaeodora
individuals in the present study which increases the probability
of detection and tends to overestimate relative density, in
contrast to Gutierrez e al. (2023), who used randomly
placed strip plots of 1000 x 10 m, which are more suitable for
characterizing overall communities but could underestimate
rare or aggregated species. The sampling design has a decisive
impact on the detection and estimation of rare species,
especially when they present non-random spatial patterns
(Sutherland (2006), Magnusson ez al. 2013). Another study
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in the same area found 0.2 ind ha! (DBH < 10 cm) in 10 x
100 m plots, with an A. resaeodora whole population density of
2.09 ind ha'' (CANDES 2017). Furthermore, the regeneration
potential of the species is very heterogeneous - a similar
study found that 65% of the species had less than 10 young
individuals in their immediate vicinity, while only 5% had
abundant regeneration, leading to a high population density
of 27 individuals per ha (Mitja and Lescure 1993). Finally,
Loureiro et al. (1979) reported a density of two individuals
per ha. This A. rosaeodora population heterogeneity across the
Amazon are most likely the result of historical processes of
selective exploitation, which drastically reduced the number of
adults, leaving young natural populations, while also inducing
fragmentation and isolation of populations, limiting gene flow
(Guizado ez al. 2020; Gutiérrez et al. 2023).

We detected evidence of a persistent disturbance in the
studied population, given by the lack of adjustment of the
size-class distribution to the inverted ] pattern, as expected in
naturally regenerating populations. In regular natural forests,
the species respond to multiple ecological and ecophysiological
filters (Souza and Jesus 1994), leading to the predominance of
younger individuals compared to a low number of individuals
with larger diameter; hence the decreasing abundance
distribution in the shape of an inverted J. Similarly, it can
be verified that the extreme diameter classes where ¢ differs
appreciably from the rest occur because a large number of
individuals of these classes were recently extracted for various
reasons (Imafa-Encinas ez /. 2020).
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Figure 2. Aniba rosaeodora seedling dispersion and population structure by diameter class. A - seedling dispersion in the plot 1-D; B - seedling dispersion in the
plot 2-D; C - seedling dispersion in the plot 3-D; D - distribution of the population structure in the plot 1-E; E - distribution of the population structure in the plot 2-E;
F - distribution of the population structure in the plot 3-E; G - Distribution map in South America, prepared by the authors, based on bibliographic and cartographic
records from various institutions and authors; H - political location of the department of Ucayali, Peru; I - political location of the Iparia district in the Ucayali department
of Peru, where the sampling was conducted.
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Figure 3. A - Seed and seedling dispersal data for Aniba roseadora, adapted to the Weibull model with reference to the seed tree and dispersing animals; B - Distribution
of plants among size-classes (histogram) adjusted with the Weibull model (Weibull distribution curve); C - Q-Q plot for diagnosing differences between the probability
distribution of a population from which a random sample has been drawn and a distribution used for comparison; D - The cumulative failure distribution (CDF) function;
E - The probability-probability (P-P) chart.
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Table 2. Population structure of Anita rosaeodora in a forest concession in the Iparia district of Ucayali, Peru.

Plots/ Abundance DBH (cm) H (m) Density (ind ha™)
n A% Mean Range cv Mean Range cv Mean cv
1-E 38 100 13.7 25-38 80.4 136 0.11-31 70.5 4.0% 24
Seedling 10 263 2.8 25-34 0.1 24 0.11-6.2 6.3 1.1 25
Sapling 10 263 84 58-99 22 123 7-176 83 1.1 25
Stem 13 34.2 15.9 10.3-24 21.0 19.5 13-31 306 14 22
Adult 5 132 29.6 25.1-38 244 219 12.2-272 10.7 06 29
2-E 76 100 11.6 1-53.9 139.5 75 0.1-31 98.9 8.4* 23
Seedling 51 67.1 22 1-4.1 1.1 13 0.1-10 6.5 5.7 1
Sapling 8 105 7.0 55-99 25 12.8 6.5-16 103 09 30
Stem 13 17.1 17.0 12-22.8 15.8 21.8 16-31 21.1 14 28
Adult 4 53 39.0 29-55.9 109.7 29.0 25.3-31 73 04 32
3-E 75 100 129 0.3-36.6 733 103 0.1-29.8 1034 8.3* 23
Seedling 40 533 29 03-44 19 20 04-11 83 44 16
Sapling 5 6.7 77 53-9.2 24 120 6.34-18 19.1 0.6 31
Stem 25 333 15.6 14.4-235 187 20.5 9-29.8 309 28 22
Adult 5 6.7 29.0 254-36.6 20.3 24.7 17.5-284 19.7 06 31
Total summary 189 100 12.7 0.3-53.9 96.4 9.8 0.1-31 99 7 16
Seedling 101 534 25 03-44 13 1.7 0.1-13 73 3.7 63
Sapling 23 122 77 53-99 25 124 42-18 103 09 33
Stem 51 27.0 16.0 103-24 18.1 20.6 74-31 279 19 4
Adult 14 74 321 25.1-55.9 599 249 13.8-31 19.6 0.5 12

n=abundance of seedling, sapling, stem, and adult individuals; A%= abundance percentage per area; H= individual height; DBH= diameter at breast height; CV= coefficient
of variation (%); Density= Plant density per hectare (ind ha); *density includes seedlings.

Figure 4. Determination of population recovery potential by the inverted )" method (Meyer, 1952) and Liocourt (g) through the abundance distribution of individuals
per diameter class (Di). A - Distribution for plot P1; B - Distribution for plot P2; C - Distribution for plot P3; D - Distribution for the sum of the three plots.
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Table 3. Regression models applied to determine the status of the sampled Aniba rosaeodora population in a forest concession in the Iparia district, Ucayali, Peru.

P1 P2 P3 PT
Class (Di)

n (%) q1 n (%) q2 n (%) q3 n (%) qt
10 16 (57.1) 23 13 (52) 1.6 19 (54.3) 1.7 48 (54.5) 1.8
20 7(25) 1.8 8(32) 80 11(314) 28 26 (295 29
30 4(14.3) 4.0 1(4) 0.5 4(114) 9(10.2) 3.0
40 1(3.6) 2(8) 20 3(34) 15
50 1(4) 1(2.9) 2(23)
Total 28(100) 25(100) 35 88 (100)
Equation y =423e0P y = 20,5070 y = 42.9e 080 y = 15820050
R? 0.99 0.9 0.98 0.98

Di=diametric class; P1, P2, P3 =plots; PT= all plots together; n=number of individuals by diametric class; 91, g2, 3, gt=Liocourt coefficient by plot.

The inverted ] pattern, with stable q coefficients is typical
of Lauraceae, with high levels of seed and seedling production
and high density-dependent mortality, very few individuals
reach the adult stage (Cuevas ez a/. 2008). From the observed
results we can assume that the impact of A. rosaeodora
overexploitation persists in the study area. Likewise, it was
found that on average there is a significant abundance of
individuals located in the outer range of the maximum seed
dispersal of the seed tree, which differs from that proposed
by Santana (2000). This apparent difference may be due
to the presence of early maturing stems that have begun
reproductive dissemination, as observed in the field. Thus, a
maximum seed dispersal zone per adult tree with a radius of
44 m was identified, within which seedlings and stems were
located. For this reason, it is very likely that the observed
population structure is the result of the presence of seed trees
that are remnants of different harvesting intensities (Alencar
and Fernandes 1978; Loureiro ¢t al. 1979; Spironello et al.
2003). However, this seedling dispersal pattern is potentially
dangerous for the sustainability of the species, considering
that in this study area the A. rosaeodora population is isolated
compared to other populations in the Peruvian Amazon
(Guizado et al. 2020). Overexploited species may present
high rates of coancestry within isolated populations, as found
for seedlings close to Swietenia macrophylla seed trees in an
over-exploited tropical forest in Bolivia (Sebbenn ez a/. 2012).

Despite the presence of spatially sparse individuals, the
distribution of adult trees was mostly clustered in groups,
as determined by the Morisita index. Two to five trees with
DBH> 20cm spaced by distances of 97 to 110 m were found.
This range is at the upper limit of what was found before, i.e.
between 50 and 100 m apart (Alencar and Fernandez 1978).
This distance could imply in a decrease of genetic diversity and
aloss of alleles as the best phenotypes may have been removed
for linalool extraction, resulting in reduced genetic drift due
to changes in gene flow as a result of tree selection (Correa et
al. 2013). Such changes can increase the vulnerability of the
species by reducing the genetic foundation for reproduction
among fewer individuals or among progenies, thus increasing
the coancestry in the population.
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CONCLUSIONS

The study of A. rosacodora seedling dispersal and population
structure in Ucayali, Peru, indicates that the seedling
dispersion pattern is irregular and the population structure
does not adhere to species recovery models in tropical forests.
These results are likely due to the continuing effects of
overexploitation of the species throughout the 20th century.
The population density of the study area is heterogeneous, but
it is higher than the average obtained in other studies, likely
due the placement of plots in an area with the known presence
of trees and seedlings of the species. The study population
demonstrates characteristics of an isolated population typical
of an overexploited species that is at constant risk due to
endogamous processes. Because of its isolation, the population
in the study area has potential for the conservation and
management of the genetic resources of the species.
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