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ABSTRACT — Anthropogenic disturbances in forests modify survival conditions and development of plants,
which has direct effect on the height and spatial structure of tree populations. This study aimed to compare
the height structure and spatial pattern of five tree species in two distinct fragments of seasonal semideciduous
forest with different histories of conservation. We studied shade-intolerant (4stronium graveolens Jacq., Gallesia
integrifolia (Spreng.) Harms) and shade-tolerant species (Chrysophyllum gonocarpum (Mart. & Eichler ex
Miq.) Engl., Euterpe edulis Mart. and Holocalyx balansae Micheli). Sixty plots of 100 m? (10 m x 10 m)
were allocated, being 30 contiguous plots in each fragment. All individuals of five species were marked, assessed
for total height data and mapped using Cartesian coordinates. We observed differences in height structure
between fragments. All populations had a random spatial pattern, except to H. balansae in the less conserved
fragment and E. edulis in the conserved fragment that showed a clumped spatial pattern. There were evidences
of forest regeneration due to the establishment of shade-tolerant species in less conserved fragment and coexistence
of functional groups in both fragments. The height structure and spatial pattern analyses indicating that anthropogenic
exploitation changed the environment and population structure in the less conserved area when compared
to conserved area. The anthropic exploitation was ceased few years ago, so it is expected that the less conserved
fragment reach the stability of an old-growth forest.

Keywords: Size structure; Spatial pattern; Tropical forest.

ESTRUTURA DE ALTURA E DISTRIBUICAO ESPACIAL DE CINCO
ESPECIES ARBOREAS EM DOIS FRAGMENTOS DE FLORESTA ESTACIONAL
SEMIDECIDUAL COM DIFERENTES HISTORICOS DE CONSERVACAO

RESUMO — Os disturbios causados em florestas pela a¢do do homem alteram as condigdes de sobrevivéncia
e desenvolvimento de plantas, tendo efeito direto na estrutura populacional das espécies. O presente estudo
objetivou comparar as estruturas de altura e espacial de cinco espécies arboreas em dois fragmentos de
Sloresta estacional semidecidual, com diferentes historicos de conservagdo. Foram estudadas espécies intolerantes
(Astronium graveolens Jacq. e Gallesia integrifolia (Spreng.) Harms) e as tolerante a sombra (Chrysophyllum
gonocarpum (Mart. & Eichler ex Miq.) Engl., Euterpe edulis Mart. e Holocalyx balansae Micheli). Foram
alocadas 60 parcelas de 100 m? (10 m x 10 m), sendo 30 parcelas contiguas em cada fragmento. Todos
os individuos, das cinco espécies, contidos nas areas foram marcados, medidos a altura e mapeados com
o uso de coordenadas cartesianas. Foram observadas diferencas na distribui¢do de altura, entre as dreas
com diferentes historicos de conservagdo. Todas as populagées apresentaram distribui¢do aleatoria, com
excegdo de H. balansae na drea menos conservada e E. edulis na darea sem historico de perturbacgdo, que
apresentaram distribui¢do agregada. Ha indicios de regeneragdo florestal, devido ao estabelecimento de
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espécies tolerantes a sombra na drea menos conservada e a coexisténcia de grupos funcionais em ambas
as areas. A andlise dos resultados da estrutura de altura e espacial demonstrou indicativos de que a explora¢do
antropica alterou o ambiente e a estrutura populacional das espécies da drea menos conservada, quando
comparado com a darea mais conservada. Como ndo ha mais exploragdo antropica, espera-se que o fragmento
menos conservado atinja a estabilidade de uma floresta madura.

Palavras-chave: Estrutura de tamanho, Padrdo espacial; Floresta tropical.

1.INTRODUCTION

Disturbances in forests, as selective logging, change
the habitat, especially with regard to moisture, temperature
and luminosity in comparison with preserved habitats,
affecting survival and development of plants
(GUARIGUATA; OSTERTAG, 2001; LIEBSCH et al.,
2008; BURTON et al., 2009). These microclimatic
alterations cause changes in germination, growth and
plant reproduction, with direct effect on size structure
and spatial pattern of these populations (GETZIN et
al.,2008; TSINGALIA,2010; SAHU etal.,2012; SUZUKI
etal.,2012). Currently, tropical forests are fragmented
due to human action, and the remnants of various sizes
are in process of secondary succession (SOUZA et
al., 2002; MARANGON et al., 2008).

The knowledge about population structure can
help the understanding of species response to habitat
changes caused by disturbances (BRUNA; KRESS,
2002; GAMA etal.,2002; ANDRADE etal.,2007; DE
CROP etal., 2012). The structures of plant populations
are influenced by biotic and abiotic factors to which
their members and in some cases their ancestors were
exposed (HUTCHINGS, 1997). These structures can
indicate the occurrence of forest regeneration (AGREN;
ZACKRISSON, 1990).

Comparison of size distributions in different areas
can help to reveal characteristics of life histories, as
well as their responses to human impact (SOUZA, 2007).
According to Wright et al. (2003), size distributions
with many large individuals and relatively rare small
individuals characterize shade-intolerant species with
high fecundity, rapid sapling growth, and high mortality
of seeds, seedlings, and saplings. Size distributions
with many small individuals and relatively rare large
individuals characterize shade-tolerant species with
lower fecundity, slower sapling growth, and lower
mortality of seeds, seedlings, and saplings.

This study aims to compare the height structure
and spatial pattern of five tree species in two seasonal
semideciduous forest fragments with different
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conservation histories. We hypothesized that size
structure and spatial pattern of species are different
between fragments. As shade-intolerant species require
light to regeneration, they would probably have a higher
abundance and a less clustered spatial pattern in a
lighter fragment because of anthropic perturbation.

2. MATERIALAND METHODS

The study was carried out in two seasonal
semideciduous forest fragments in Parana state, Brazil:
Sao Francisco Forest State Park (SFFSP) and Godoy
Forest State Park (GFSP). The SFFSP (023°15°S 050°45°W
- center of fragment) has about 840 ha, with history
of human impact and high degree of degradation in
some parts of fragment, especially selective logging
of Aspisdosperma polyneuron Miill. Arg. and other
species, extraction of palm (Euterpe edulis Mart.), illegal
hunting and fire occurrence about 40 years ago in some
part of fragment (TOME et al., 1999). These anthropogenic
interferences ceased in 1994 when the area was
transformed in a conservation unit. The GFSP (023°09°S
050°34°W - center of fragment) has 650 ha, and it is
a conserved forest without anthropic interference
(SILVEIRA, 2006). The region’s climate, according to
Koppen, is characterized as Cfa, with average rainfall
between 1200-1400 mm in SFFSP and 1400-1600 mm
in GFSP, both distributed unevenly throughout the
year (IAPAR, 2000). The predominant soils in SFFSP
are Eutroferric Red Latosol and Eutroferric Red Nitosol,
with inclusions of Chernosols and Gleysols (EMBRAPA,
1999) and Eutroferric Red Latosol and Red Nitosol
Eutroferric in association with Entisols in GFSP
(EMBRAPA, 1999), all of them considered as soils with
high fertility.

The species were selected by the importance value
index (IV) (BROWER; ZAR, 1984) in phytosociological
inventory in SFFSP (TOME et al., 1999) and GFSP
(SOARES-SILVA; BARROSO, 1992). The selected species
are common in fragments of seasonal semideciduous
forest of the region (DIAS et al., 2002). Species were
divided into shade-intolerant species (Astronium
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graveolens Jacq.; Gallesia integrifolia (Spreng.) Harms)
and shade-tolerant species (Chrysophyllum gonocarpum
(Mart. & Eichler ex Miq.) Engl.; Euterpe edulis Mart.;
Holocalyx balansae Micheli) based in the literature
(SWAINE; WHITMORE, 1988; SOARES-SILVA;
BARROSO, 1992; TOME etal., 1999; SILVA; SOARES-
SILVA, 2000; LORENZI, 2002; ZAMA etal., 2012). Euterpe
edulis was selected for the study, since it is a typical
species of this forest formation.

The study was conducted in 30 plots (sampling
areas) in each fragment, with similar physiognomy and
slope. These areas were divided into 10 mx 10 m plots
(100 m?) allocated contiguously, subdivided into 120
subplots 0f 25 m? (5 m x 5 m), forming a rectangle of
50 m x 60 m (3000 m?). All individuals of five species,
even seedlings, included in these areas were marked
and their height was measured. In trees smaller than
3 m, the height was calculated using a common measuring
tape whereas in trees larger than 3 m, the height was
calculated using a digital laser tape measure. When
it was not possible the height was visually estimated
using a measuring tape as a reference.

To compare the height structure of populations
among areas, individuals were divided into height
classes. Kolmogorov-Smirnov test (o0 <0.05) (ZAR,
1984) was used in order to evaluate the differences
of height structure among areas.

We used the number of individuals for each 5 x
5 m subplot and subplot center coordinates to determine
the spatial pattern of each species. The spatial pattern
was analyzed using Moran’s [ spatial autocorrelation
coefficient (LEGENDRE; FORTIN, 1989) calculated for
14 distance classes. We tested the null hypothesis
that the / coefficient, at each distance class, is not
significantly different from zero, indicating randomness
(LEGENDRE; FORTIN, 1989). A spatial correlogram was
built based on 7 values as a function of the distance
classes, and its significance was tested using Bonferroni
criterion (ODEN, 1984).

To evaluate if there was difference in luminosity
among areas, the cover index (CI) was calculated using
a spherical densiometer (LEMMON, 1956) and
measurements taken at breast level. The CI was taken
in July 2010 at an interval of one day between areas.
The CI was evaluated for each plot and represents
the average value of four measurements. Each
measurement was taken with densiometer toward to
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each corner of the plot. Furthermore, we calculated
the average of CI for each sample area. We compared
the Cl average of the each sample area by ¢-test (ZAR,
1984).

To correlate the spatial pattern with CI, it was
necessary to remove the “spatial” effect. The partial
Mantel test (SMOUSE et al., 1986) was used to remove
spatial autocorrelation.

The autocorrelation analyses and partial Mantel
tests were performed with Passage 2 Software
(ROSENBERG; 2001).

3. RESULTS

We sampled 601 individuals of shade-intolerant
species in the two areas, being 506 in SFFSP and 95
in GFSP (Table 1). The two shade-intolerant species
were more abundant in SFFSP.

The height structure of 4. graveolens and G
integrifolia differed among fragments (Table 1), probably
due to lower number of individuals in the first height
classes in GFSP (Figure 1).

Astronium graveolens showed a height structure
similar to a J-reverse pattern in SFFSP, characterized
by having a higher number of individuals in the smaller
size classes (84.5% at first two classes), and decreasing
at the last height classes. In GFSP, there was a notable
reduction in the number of individuals in the first two
classes (37.5%) and we did not observe individuals
over 12 m of height (Figure 1).

The height structure of G. integrifolia in SFFSP
was similar a J-reverse pattern too, with a higher number
of individuals in the first two height classes (66%),
but with an increase of individuals in the last two height
classes (20%). In GFSP, 93.5% of individuals (29) were
found in the first two classes, and only 6.5% in the
last class (> 8 m) (Figure 1), with absence of individuals
in other height classes.

The correlogram analysis suggests random spatial
pattern in both areas for both species (Figure 2).

The cover index was higher in GFSP (94% + 0.36)
than in SFFSP (83.5% +0.85). Therefore, SFFSP showed
an opener and more illuminated canopy. The spatial pattern
of the two shade-intolerant species was not correlated
with luminosity in both fragments (P> 0.05).
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Table 1 — Comparison of height structures of populations using Kolmogorov-Smirnov test (D) and numbers of individuals

(n) of five species in Sao Francisco Forest State Park (SFFSP) and Godoy Forest State Park (GFSP), Parana
State, Brazil.

Tabela 1 — Comparagdes das estruturas de altura pelo teste de Kolmogorov-Smirnov (D) e niimeros de individuos (n) de

cinco espécies no Parque Estadual Mata Sdo Francisco (SFFSP) e Parque Estadual Mata dos Godoy (GFSP),
Parana, Brasil.

Height SFFSP GFSP
D P N
Shade-intolerant species 506 95
SFFSP x GFSP Astronium graveolens 0,470 < 0,0001 387 64
SFFSP x GFSP Gallesia integrifolia 0,595 < 0,0001 119 31
Shade-tolerant species 994 3205
SFFSP x GFSP Chrysophyllum gonocarpum 0,379 < 0,0001 159 414
SFFSP x GFSP Euterpe edulis 0,119 < 0,0001 735 2081
SFFSP x GFSP Holocalyx balansae 0,402 < 0,0001 100 710
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Figure 1 — Number of individuals of Astronium graveolens (a) and Gallesia integrifolia (b) in the different height classes

in S@o Francisco Forest State Park (white bars), and the Godoy Forest State Park (black bars), Parana State,
Brazil.

Figura 1 — Numero de individuos por classes de altura das espécies intolerantes a sombra, Astronium graveolens (a) e
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Gallesia integrifolia (b) no Parque Estadual Mata Sdo Francisco (barras claras), e no Parque Estadual Mata
dos Godoy, Parana, Brasil.
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Figure 2 — Spatial correlograms of Astronium graveolens (a) and Gallesia integrifolia (b) in Sao Francisco Forest State

Park (squares) and Godoy Forest State Park (circles), Parana State, Brazil. The correlograms were not globally
significant.

Figura 2 — Correlogramas espaciais de Astronium graveolens (a) e Gallesia integrifolia (b) no Parque Estadual Mata Sao

Francisco (quadrados) e no Parque Estadual Mata dos Godoy (circulos) , Parand, Brasil. Os correlogramas
ndo foram globalmente significativos.
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We sampled 4199 individuals of shade-tolerant
species in the two areas, being 994 in SFFSP and 3205
in GFSP (Table 1). The three shade-tolerant species
were more abundant in GFSP.

The height structure differed among fragments
for three species (Table 1), probably related to a higher
number of individuals in the first height classes in
GFSP (Figure 3).

The height structure of C. gonocarpum was similar
to a negative exponential pattern in both areas, being
more evident in GFSP (Figure 3), due to higher number
of individuals in the first height class in this area.

For E. edulis, in both fragments, we observed a
predominance of individuals in the first height classes

and absence or small number of individuals between
1-7 m of height (Figure 3). In SFFSP and GFSP, two
and 55 individuals had height higher than 10 m,
respectively.

In GFSP, H. balansae showed high concentration
of individuals in the first height class and notable
reduction of individuals in subsequent classes. In SFFSP,
the height structure was similar to the GFSP, except
for the first class (Figure 3).

The spatial pattern of C. gonocarpum populations
(correlogram globally not significant) (Figure 4) suggests
randomness in both areas. Euterpe edulis population
showed random distribution in SFFSP (Figure 4) and
significant positive autocorrelation in GFSP (Figure 4)
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Figure 3 — Number of individuals of Chrysophyllum gonocarpum (a), Euterpe edulis (b) and Holocalyx balansae (c) in
the different height classes in Sdo Francisco Forest State Park (white bars) and the Godoy Forest State Park

(black bars), Parana State, Brazil.

Figura 3 — Numero de individuos por classes de altura das espécies tolerantes ad sombra, Chrysophyllum gonocarpum (a),
Euterpe edulis (b) and Holocalyx balansae (c), no Parque Estadual Mata Sdo Francisco (barras claras), e
no Parque Estadual Mata dos Godoy, Parand, Brasil.
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Figure 4 — Spatial correlograms of Chrysophyllum gonocarpum (a), Euterpe edulis (b) and Holocalyx balansae (c) in San
Francisco Forest State Park (squares) and Godoy Forest State Park (circles), Parana State, Brazil. Black symbols
indicate values of Moran's I significant at level of o = 5%.

Figura 4— Correlogramas espaciais de Chrysophyllum gonocarpum (a), Euterpe edulis (b) and Holocalyx balansae (c) no Parque
Estadual Mata Sao Francisco (quadrados) e no Parque Estadual Mata dos Godoy (circulos), Parand, Brasil. Simbolos
do correlogramas preenchidos em preto indicam valores de I de Moran significativos ao nivel de o = 5%.

presenting clumps of ca. 18 m, separated from each
other about 10 m.

In SFFSP, H. balansae population had significant
positive autocorrelation, showing aggregation of small
clumps to 5 m, separated from each other about 20 m
(Figure 4), while the spatial pattern was random (correlogram
globally not significant) in GFSP (Figure 4).

Spatial pattern of C. gonocarpum and H. balansae
were not correlated with CI for both areas (P>0.05).
In GFSP, the partial Mantel test analysis indicated a
higher number of individuals of E. edulis in areas with
higher index cover (P<0.05). There was not this correlation
in SFFSP (P>0.05).

4. DISCUSSION

The highest number of shade-intolerant individuals
found in SFFSP is characteristic of selective logging
habitats (ALVES; METZGER, 2006). This occurs
because selective logging creates new habitats for
the shade-intolerant species, and the increased
luminosity inside the forest promotes these species
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(IMAIetal.,2012). On the other hand, a larger number
of shade-tolerant individuals is more frequently in
conserved areas because are persistent, with most
of individuals surviving and growing with lower
luminosity rate inside the forest (ALVES; METZGER,
2006; POORTER et al., 2008).

The anthropogenic exploitation changed
environmental conditions, creating a mosaic of patches
with different canopy cover and luminosity, favoring
shade-intolerant and shade-tolerant species (IMAI
etal.,2012).

All populations in both areas showed a predominance
of individuals in the first height classes, characteristic
of many tree species and often interpreted as a sign
of stability and regeneration strategy (BIANCHINI et
al.,2003; MARCOS; MATOS, 2003; WRIGHT et al.,
2003; ALVES; METZGER, 2006; BIANCHINI et al.,2010).
The selective logging and other directly or indirectly
related disturbances influenced the population structure
(MILIOS etal.,2007; ZIMMERMAN; KORMOS, 2012),
because was a difference in the height structure and
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in abundance for all populations studied in SFFSP,
when compared to GFSP.

The low number of individuals of E. edulis in the
last two height classes is another evidence of human
impact on SFFSP. The absence of individuals in
intermediate classes for both areas was not expected,
especially in GFSP. A possible explanation is predation,
which was detected in GFSP. Many individuals of E.
edulis, with height of up to 80 cm, had leaves with
open sheaths and depredated stem apex. Field
observations indicated that capuchin monkeys (Cebus
nigritus Goldfuss, 1809) ate apexes of these individuals.
Although we did not observe it, this predation is also
possibly occurring in SFFSP because the primate is
one of the most abundant species in the fragment
(REZENDE, unpublished data). Predation by capuchin
monkeys was also found in other fragments of Atlantic
Forest in southeastern of Brazil (PORTELA etal., 2010a;
PORTELA etal., 2010b). According to these authors,
the effects of predation by capuchin monkeys have
same impact on the mortality of individuals of E. edulis
than the anthropic exploitation of palm tree. These
authors also related that predation of smaller individuals
offers best cost/benefit relation than predation of adults,
because of the higher proportion of smaller individuals.
Furthermore, the absence of individuals in the
intermediate classes does not mean that a population
of E. edulis had a problem with recruitment. According
to Wright et al. (2003), the individuals may remain in
smaller classes for a long time until occurs an
environmental change, such as the death of a tree,
a falling tree or a branch. This environmental change
increases the light levels, which can promote the
accumulation of biomass and growth of individuals
for the following classes.

Marcos and Matos (2003) have observed the absence
of individuals of E. edulis in major classes in areas
where fires and (or) selective harvest have occurred.
These authors also observed the presence of smaller
individuals in these areas and suggested that the
regeneration process was occurring, similar to that
observed in SFFSP.

The random spatial pattern of C. gonocarpum
population was also observed in GFSP by Bianchini
etal. (2003), and in another fragment of region (BIANCHINI
etal.,2010). Bianchini et al. (2010) suggested that species
could be a microsite generalist.
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The aggregated spatial pattern of H. balansae
in SFFSP could be explained by closely occurrence
of three individuals higher than 10 m of height. This
proximity could increase the availability of favorable
microsites near of parental plant, similar to observed
for Copaifera langsdorffii Desf. in a gallery forest in
southeastern Brazil (RESENDE etal., 2003).

Differently from what was observed for 4.
graveolens in this study, Pavanelli et al. (2011) found
aggregated spatial pattern to species with clumps of
up to 8 min 0.5 ha area (50 m x 100 m) in GFSP and
in another fragment of Seasonal Semideciduous Forest
in the region (23°16’S 51°01°W). Besides of selective
logging of adults and different scales can explain this
difference. While we analyzed 0.3 ha (50 m x 60 m),
Pavanelli et al. (2011) analyzed an area of 0.5 ha, which
probably influenced the result of this study. Furthermore,
we observed some patches of aggregation in SFFSP,
but they were not detected probably due to the lower
scale used.

The establishment of Gallesia integrifolia in SFFSP
occurred in areas with higher luminosity created by
selective logging, which could explain the randomness
ofits spatial pattern, in SFFSP. In GFSP the random
spatial pattern was expected due to the highest cover
index canopy, which could limit recruitment and
establishment of new individuals.

The selective logging of adult plants in SFFSP
could also explain the difference in E. edulis spatial
pattern compared to GFSP (RONDON etal., 2012). The
lower number of mature plants could have limited seed
production and dispersal and altered the natural spatial
pattern of this population. The higher canopy cover
improved germination and establishment of individuals
of this species in GFSP, similar to that found by Marcos
and Matos (2003) in a conserved fragment of Atlantic
forest in southeastern Brazil.

The regeneration of shade-tolerant species in SFFSP
is confirmed by the presence of individuals in the first
class of height and reproductive individuals. In GFSP,
we also observed regeneration of shade-intolerant
species, indicating the importance of spatial
heterogeneity in light distribution maintained by natural
dynamics of gaps, caused by breaking branches and
death of adult plants, which increases richness of species
within forest (LIMA, 2005; ALVES; METZGER, 2006).
According to Whitmore (1991), a large number of
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individuals in smaller height classes, for both functional
groups, as observed in SFFSP, is an indicative of forest
regeneration after disturbances.

The selective logging in SFFSP could explain
difference in height structure for studied species and
the spatial pattern of E. edulis. One of the main
consequences of selective logging, in addition to the
palm, was a decrease in canopy cover and gap formation.
This process allowed for higher recruitment of shade-
intolerant species. Over time, these individuals grew
rapidly and promoted the canopy closes again
(BROADBENT et al., 2006; CARRENO-ROCABADO
etal., 2012), reducing the number and size of gaps and,
consequently, the luminosity in the understory. In this
new scenario, there would be a reduction in the number
of microsites favorable to the regeneration of shade-
intolerant species, similar to GFSP, which is considered
an old-growth forest.

5. CONCLUSION

This study showed that populations of five tree
species were altered by selective logging and their
direct and indirect consequences (human impacts).
The GFSP showed characteristics of old-growth forest,
demonstrated by higher number of large individuals
of E. edulis, and the higher number of shade tolerant
individuals compared to SFFSP. On the other hand,
the SFFSP has been found in an intermediate stage
of regeneration, characterized by a mosaic of vegetation
in different successional stages, caused by anthropic
exploitation. Due to the persistence of shade-tolerant
and shade-intolerant species on SFFSP over time and
the end of anthropic exploitation, probably this fragment
will reach the stability of old-growth forest. However,
excessive bamboos and lianas in SFFSP can prevent
or delay this process.
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