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ABSTRACT

We focus on understanding the influence of environmental variables on ecological processes, and
such a focus promotes an integrated view of forest ecological patterns. The following questions
were made: Do variations in temperature, precipitation, litterfall deposition and light intensity
influence the density and composition of seed rain in a stretch of the Montane Atlantic Rainforest?
Is there a pattern for dispersal syndrome in Montane Atlantic,? Over a period of 12 months, the
deposition patterns of seed rains were evaluated. Seed density and species richness correlated
with temperature and precipitation, with species richness decreasing with increasing altitude
and seed density increasing as a function of the light incidence. Seed rain followed a seasonal
deposition pattern with higher seed density and species richness in the higher rainfall period.
Increasing trend in seed density was found in mountainous areas with northern and northeastern
aspects (higher light incidences).
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1. INTRODUCTION

Seed rain is one of the key factors in the dynamics
of forests for performing ecosystem maintenance
functions (Barbosa et al., 2012). Seed production
patterns such as the amount of seeds produced and
the period of seed production favour germination and
seedling development in situ (Li et al., 2012).

In mountainous rainforests, seed rain contributes to
the continuity of the regeneration process, highlighting
its importance for conservation and restoration of
degraded environments. Understanding seed rain
patterns is essential for understanding variations in
the composition and structure of plant communities,
evaluating successional development, and assisting in
the classification of population recruitment parameters
(Tabarelli et al., 2012; Toscan et al., 2014).

Seed rain can be considered a bioindicator that
contributes to the monitoring of ecosystem dynamics,
as it may vary according to environmental factors, such
as water availability, temperature, sunlight incidence
and wind, fertility, acidity and soil humidity, as well as
the presence and abundance of dispersers and predators
(Rahbek, 2005). Thus, seed rain varies according to
biotic and abiotic interactions in the environment
(Barrett, 2013; Zhang et al., 2013).

In mountainous regions, environmental factors
often change depending on the altitude (Rahbek,
2005) due to fluctuations in temperature, precipitation,
soil humidity, fertility, slope, which are aspects that
influence the composition and structure of vegetation
and the biological processes of plant communities
(Hernéndez et al., 2012; Joseph et al., 2008).

Studies on variations in species density and richness
along altitudinal gradients highlight a decrease in the
diversity of species but an increase in species density
in high-altitude regions, with species richness peaking
at intermediate altitudes (Mccain, 2010; Werenkraut
& Ruggiero, 2011; Qin et al., 2011). In previous
studies seeking to analyse seed rain in mountainous
environments, there was an influence of altitude in the
seed deposition, germination and dispersal patterns,
which are fundamental conditions for successional
processes and natural regeneration.

In this study; the earlier hypothesis that environmental
factors contribute to changes in seed rain patterns in
mountainous rainforest was examined. We focus on
understanding these patterns because they are the

result of the influence of environmental variables on
ecological processes, and such a focus promotes an
integrated view of forest ecological patterns. The following
questions were made: (1) Do variations in temperature,
precipitation, litterfall deposition and light incidence
influence the density and composition of seed rain in a
stretch of the Montane Atlantic Rainforest? We predict
that seed density and species richness differ according to
environmental factors (Qin et al., 2011). Mountainous
areas in the Atlantic Forest biome are not typically
susceptible to drought, which is a factor limiting seed
production and germination. Thus, we expect seed rain
to have the same pattern over periods of both higher
and lower rainfall (Morel et al., 2015). (2), Is there
a pattern for dispersal syndrome in mountainous
forests? We hypothesized that elevation is one of the
factors contributing to changes in dispersal syndrome
(Mccain, 2010). This study will provide information that
supports forest conservation and restoration projects.

2. MATERIALS AND METHODS

2.1. Study area

The study was conducted in a montane rainforest

7

in “Capara¢d” National Park, municipality of Ibitirama,
state of Espirito Santo, southeastern Brazil. “Caparad”
National Park is a Federal Conservation Unit located
on the border of states of Minas Gerais and Espirito
Santo (20°19°20°37’S and 41°43’41°53°W). The climate
is subtropical highland (Cwb), with average annual
temperature of 16.8°C and average rainfall of 1284 mm

(Alvares et al., 2013).

The study area is located in a valley between two
mountain escarpments, which have a watercourse between
them. There were seven permanent plots (sampling
units) with dimensions of 20 m x 50 m distributed
along the valley and parallel to the main watercourse,
at altitudes varying between 1112 and 1550 metres,
representing variations in vegetation and physical
environment. Even-numbered plots were located at
the right of the watercourse, and odd-numbered plots
were at the left of the watercourse.

2.2. Seed rain

For the seed rain study, the tray collection technique
for fruits and seeds with fixed collectors was used, one
of the most effective methods for collecting propagules
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(Cottrell, 2004). Eight collectors with representation of
50% of the sample unit were systematically distributed
within each plot, totalling 56 collectors in the sampled
area. Collectors have structure composed of PVC
pipes with 2 mm nylon mesh screens with dimensions
0.75 % 0.75 m (0.56 m?) and height of 0.75 m from the
ground (Clark et al., 2001).

Seed rain collection was conducted monthly from
November 2012 to October 2013. The procedure consisted
of collecting the material in the field and depositing
in plastic bags, which were sent to the laboratory for
drying in an oven at 65°C for 72 hours. Thereafter,
the material was separated into leaves, branches and
miscellaneous material. Miscellaneous material was
submitted to triage in which viable seeds, which
are whole seeds with no apparent physical damage,
quantified and identified to achieve the objectives of
this study. During triage, seeds were photographed
and classified according to morphotype until a more
detailed identification could be carried out. For each
morphotype, seeds were held in the herbarium in order
to support the identification of their taxonomic groups,
especially at species level. For identification, seeds were
brought to various institutions with seed collections,
and a literature search was performed. Whenever
necessary, taxonomic specialists were consulted.

2.3. Statistical analysis

Despite the 12-month study period, the weather
station used for the acquisition of meteorological data
had data only from December 2012 onwards; however,
due to technical problems at the station, data for
October 2013 were also unavailable. Thus, the analyses
that required such information were carried out for
only ten months of the study period (December 2012
to September 2013).

To examine seed density and species richness,
seed rain data of different species were entered into
Microsoft Excel, version 2010, for data tabulation, and the
PAST 3.04 software was used for data analysis. Spearman
correlations was used to assess the relationship between
seed rain density and richness and environmental
variables such as rainfall and temperature, as well
as elevation and the average contribution of litter
deposited per sampling unit, and Student’s t-test was
used to assess the significance of these correlations.

To test the significance in correlations between
richness values and absolute density of species per
plot, analysis was performed using the Kruskal-Wallis
nonparametric test at 5% significance level. To verify
that ecological attributes remained the same between
months, the non-parametric Friedman test was
conducted (p<0.05). These statistical analyzes were
performed with the Assistat software (version 7.7).

3. RESULTS

In the sampled area, we counted 235,296 seeds
distributed among 80 morphospecies, of which 40 were
identified at species level, 32 at genus level and six at
family level (Table 1).

Seed rain species richness was higher in parcel 1.
However, this result was significantly different from
P5, P6 and P7, according to the Kruskal-Wallis test
(p<0.05) (Figure 1).

Absolute density, defined as the number of individuals
of a given species per area unit, in the study area was
138945.6 seeds/m?. Plots P4 and P7 showed the highest
seed density values, only differing significantly from
P6, which in turn showed the lowest number of seeds
per square metre throughout the valley (Figure 2).

For seed density and species richness, richness peaks
were concentrated in the months with the highest rainfall
values (November 2012 to March 2013 and October
2013) in plots P1, P2, P3, P4 and P5. In contrast, in
plots P6 and P7, the month of measurement had no
influence on species richness according to results of
the Friedman test (p<0.05).
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Figure 1. Average species richness per plot in the
sampled area. Means labelled with the same letters do
not differ, according to the Kruskal-Wallis test at 5%
significance level.
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Table 1. List of species found in seed rain from “Santa Marta” Valley, “Caparad” National Park, state of Espirito

Santo, Brazil.

Families Species

Annonaceae
Annonaceae
Apocynaceae
Apocynaceae
Asteraceae
Asteraceae
Asteraceae
Asteraceae
Bignoniaceae
Bignoniaceae
Combretaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Euphorbiaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Fabaceae
Hypericaceae
Lauraceae
Lauraceae
Malpighiaceae
Malpighiaceae
Malpighiaceae
Malpighiaceae
Malpighiaceae
Malpighiaceae
Malpighiaceae
Malpighiaceae
Malpighiaceae

Malvaceae

Melastomataceae
Melastomataceae

Melastomataceae

Moraceae

Annona sp. 1
Annona sp. 2
Forsteronia cordata (Miill. Arg.) Woodson
Aspidosperma sp.

Mikania argyreia DC.
Vernonanthura phaeoneura (Toledo) H.Rob.
Vernonia diffusa Less.

Mikania stipulacea Willd
Jacaranda puberula Cham.
Handroanthus heptaphyllus (Vell.) Mattos
Terminalia mameluco Pickel
Alchornea sp.

Morpho 49
Alchornea triplinervia (Spreng.) Miill. Arg.
Croton sp.

Pogonophora schomburgkiana Miers ex Benth.
Cassia ferruginea (Schrad.) Schrad. ex DC.
Piptadenia sp.

Machaerium sp. 1
Leptolobium bijugum (Spreng.) Vogel
Machaerium hirtum (Vell.) Stellfeld
Desmodium sp.

Apuleia leiocarpa (Vogel) J.E.Macbr.
Andira nitida Mart. ex Benth.
Machaerium sp. 2
Copaifera langsdorffii
Morpho 54
Machaerium ovalifolium Glaz. ex Rudd
Morpho 77
Abarema cochliacarpos (Gomes) Barneby & J.W.Grimes
Vismia guianensis (Aubl.) Choisy
Ocotea sp.

Morpho 62
Tetrapterys sp. 1
Morpho 8
Byrsonima sericea DC.
Tetrapterys sp. 2
Tetrapterys sp. 3
Mascagnia sp.

Niedenzuella acutifolia (Cav.) W. R. Anderson
Heteropterys sp. 2
Heteropterys sp. 1
Luehea sp.

Miconia cinnamomifolia (DC.) Naudin
Miconia maroana Wurdack
Miconia sp.

Brosimum lactescens (S.Moore) C.C.Berg
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Table 1. Continued...

Families Species

Moraceae
Moraceae
Myrsinaceae
Myrtaceae
Myrtaceae
Myrtaceae
Myrtaceae
Myrtaceae
Myrtaceae
Myrtaceae
Nyctaginaceae
Nyctaginaceae
Phyllanthaceae
Piperaceae
Polygonaceae
Rubiaceae
Rubiaceae
Rubiaceae
Rubiaceae
Rubiaceae
Rutaceae
Sapindaceae
Sapindaceae
Sapindaceae
Sapindaceae
Sapindaceae
Sapindaceae
wSolanaceae
Solanaceae
Trigoniaceae
Urticaceae
Urticaceae
Urticaceae
Undetermined
Undetermined

Brosimum sp.
Ficus sp.

Myrsine guianensis (Aubl.) Kuntze
Myrcia ovata Cambess.
Morpho 16
Myrcia multiflora (Lam.) DC.
Eugenia sp.

Gomidesia palustris (DC.) Kausel
Marlierea tomentosa Cambess.
Eugenia sp.

Guapira sp.

Guapira hirsuta (Choisy) Lundell
Hieronyma oblonga (Tul.) Miill. Arg.
Piper sp.

Coccolo batenuiflora Lindau
Pysichotria carthagenensis Jacq.
Pyschotria sp. 2
Psychotria mapourioides DC.
Psychotria sp. 1
Coussarea contracta (Walp.) Miill. Arg.
Dictyoloma vandelianum A. Juss.
Serjania sp. 1
Serjania sp. 2
Paullinia carpopoda Cambess.
Pseudima frutescens (Aubl.) Radlk.
Cupania vernalis Cambess.
Cupania sp.

Solanum sp. 1
Solanum sp. 2
Trigonia sp.

Cecropia hololeuca Miq.
Cecropia pachystachya Trécul
Cecropia glaziovii Snethl.
Morpho 9
Morpho 50
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Figure 2. Absolute density of each plot observed in the
study period. Means labelled with the same letters do
not differ, according to the Kruskal-Wallis test at 5%
significance level.

By associating the monthly absolute density and
species richness with the altitude of plots using the
Spearman correlation, it was observed that as the
altitude increased, species richness reduced. However,
the density of certain species increased with increasing
altitude. Regarding the average litter deposited per plot,
it was observed that although the correlation did not
show statistical significance at 1% or 5% based on the
t-test, the variables followed the same pattern: as the
average amount of litter increased, an increase in seed
density and richness was observed (Table 2).

The analysis of Spearman correlations of the
absolute density of species with environmental variables
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Table 2. Spearman correlations comparing richness and
seed rain density with altitude and average litter input
per plot in the study area.

Spearman Correlation
Altitude Average litter input

Density 0.20 0.11
-0.61 0.25

Correlation is significant at 0.05 level.

Richness

Table 3. Spearman correlations of absolute seed rain
density with precipitation and average temperature of
each plot in the study area.

Spearman Correlation — Absolute Density
Precipitation Temperature
P1

0.44 0.66*
P2 0.32 0.45*
P3 0.71 0.92*
P4 0.19 0.39*
pP5 0.54 0.71*
P6 0.79 0.76*
P7 -0.16 -0.55*

*Correlation is significant at 0.05 level.

Table 4. Spearman correlations for species richness of
seed rain with both rainfall and average temperature for
each plot in the study area.

Spearman Correlation - Species Richness

Precipitation Temperature
P1 0.36 0.73*
P2 0.26 0.47*
P3 0.72 0.83*
P4 0.62 0.72*
P5 0.54 0.79*
P6 0.80 0.92*
P7 -0.57 -0.37*
*Correlation is significant at 0.05 level.
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Figure 3. Seed dispersal syndromes within the sampled
area.

(temperature and precipitation) emphasizes the strong
relationship among variables in plots P1, P3, P5 and P6
(Table 3). In P7, there was a negative association for
both attributes, suggesting that environmental variables
play an inverse role in this plot; i.e., high values of
one variable are associated with lower values of the
other variable.

Regarding the Spearman correlations among species
richness recorded in the seed rain, precipitation and
average monthly temperature, plots P1, P3, P5and P6
show an intense association with analysed variables
(Table 4). In P7, the correlation was negative, indicating
that in periods of greater precipitation and temperature,
seed rain richness tends to be lower.

Species with the highest relative densities were
Cecropia glaziovii (49%), Cecropia hololeuca (18%),
Miconia maroana (17.5%), Vernonanthura phaeoneura
(4%), Cecropia pachystachya (3.9%), Mikania stipulacea
(2.3%) and Vernonia difusa (1.5%).

Regarding seed dispersion, zoochory was a
dispersal syndrome that predominated in most plots,
where only plots P1 and P5 showed anemochory as
the predominant syndrome (Figure 3).

4. DISCUSSION

There was formation of an environmental gradient
in relation to species richness. The highest species
richness of this study was reported at low altitude
stretches (1,112 m). Spearman’s correlation confirms
that, as altitude increases, species richness tends to
decrease, suggesting that specific compositions change
with environmental gradients. Many studies have
demonstrated a pattern in species distribution along
altitudinal gradients, with species richness peaking at
1300 metres. McCain (2010) and Wang et al. (2007)
demonstrate in their studies that species richness tends
to increase at intermediate elevations, followed by a
decline as altitude increases (above 2000 m).

Species richness is associated with several factors
that are influenced by elevation. In this case, climate
variables such as temperature and rainfall, in addition
to soil conditions, also contribute to this pattern at
intermediate altitudes, which further influence the
richness of an area due to the specific characteristics of
each species and the environmental characteristics that
promote their local occurrence (Kromer et al., 2013).
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Zellweger et al. (2015) argue that precipitation and
temperature do not directly influence species richness;
rather, these variables affect the recruitment of new
individuals of different species. Nonetheless, according
to the authors, in a temperate forest in Switzerland,
species richness was positively correlated only with
temperature.

This study, as well as that performed by Zellweger et al.
(2015), follows the same pattern, in which only
temperature was positively correlated with species
richness, with a tendency of increasing richness
with increasing temperature in 6 plots (P1 to P6).
However, P7 showed the opposite result; although
there was no positive correlation between variables,
this plot followed a tendency of reducing richness with
increasing temperature. This plot (P7) is characterized
by the presence of high aluminum, carbon and organic
matter content in the soil, in addition to smaller litter
contribution, compared with the other plots (Castro,
2014). In this sense, the combination of soil pH,
topographic position of plots and availability of light
on the forest soil, including open canopies, as discussed
by Zhang et al. (2013), contributes to the foundational
analysis of species richness.

It should be noted that plots with the greatest plant
species richness have lower aluminum content in the
soil (Castro, 2014). This compound is considered toxic
to plants when found in large amounts in the soil, with
some species being more tolerant or intolerant to it.
In this case, when exposed to this type of soil (acidic),
intolerant species have limited growth (Miguel et al.,
2010). Therefore, the lower aluminum content in
soils at lower elevations may favour the recruitment
of different species in this environment, contributing
to the high seed rain richness in P1, P2, P3 and P4.

Species richness and absolute density also fluctuated
among months, and months with higher rainfall and
temperatures (November 2012 to March 2013 and
October 2013) had greater richness and density of
individuals in the seed rain.

Rainforests usually have higher reproductive
activity from September to March (Morellato et al.,
2000). This activity occurs after the dry season, with
high accumulation of nutrients in the soil and higher
litter production during this period resulting in higher
soil nutrient concentrations.

During the study period, the absolute seed rain
density was higher from November 2012 to March 2013
and in October 2013 in plots P1 to P6. Only P7 had
peak species density in the dry season (March 2013 to
July 2013). This fact may be related to environmental
variables such as temperature and rainfall.

The relationship between temperature and precipitation
and absolute density follows a linear deposition pattern,
but only the relationship between absolute density and
temperature is statistically significant. Thus, as these
variables increase, density also increases; however,
in P7, the correlation was shown to be negative,
indicating inverse density values. That is, the higher
the precipitation and temperature, the smaller the
absolute seed rain density, a fact that may be related
to the phenology of species present in this plot.

The phenology of species and the successional stage
of the forest may be associated with the mechanism of
seed deposition and litter mentioned above. Brun et al.
(2001) consider three forests in different successional
stages and show that as a forest matures, it tends to
have higher litter production during the rainy season.

When relating species richness and density with
the mean litter contribution in the “Santa Marta”
valley using Spearman correlations, results were not
statistically significant. However, this relationship
follows a linear tendency: as litter deposition increases,
species richness and density also increase.

In tropical rainforests, climatic factors such as
sunlight incidence, temperature and rainfall are not
limiting to restrict the reproductive phenological
development of species, as they are resources available
throughout the year. For example, there are no water
deficits that would limit seed germination. However,
these factors favour the establishment of certain species
in the environment (Morel et al., 2015).

Light intensity that affects each environment can
influence seed deposition patterns; thus, plots with
northern or northeastern aspects (P1, P3, P5 and P7)
showed the highest density values in the entire valley.
However, there is a slight difference in values between
these plots: those with completely northeastern aspect
(P3 and P7) had an even higher seed density.

Northern and northeastern aspects contribute to
higher seed density due to the higher light incidence
on these environments (Oliveira et al., 1995). With
higher solar irradiance, temperatures and humidity,
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rainforests have the highest deposition contributions of
vegetative and reproductive tissues (Scheer et al., 2009).

Thus, despite having an eastern aspect, plot P4
showed high density value due to the number of
individuals in the plot belonging to the genus Cecropia.
These species have characteristic inflorescence with
a high amount of seeds (Lorenzi, 2009), resulting in
even greater value when bunches of these fruits fall
in collectors.

With the exception of P4, plots P2 and P6 have
eastern, southern, and southeastern aspects, which may
result in lower seed concentration in these environments
due to the increased dew deposition during the day
caused by increased shading, making these areas more
humid (Oliveira et al., 1995).

The high density of seeds in environments with
higher solar irradiance may be associated with the
dynamics of pigments found in fruits in both shaded
and sunny environments. Pigments responsible for
fruit maturation tend to be excited by different light
intensities. In this case, fruits found in areas of high and
constant sunlight tend to have an accelerated maturation
process, which remains continuous throughout the
year (Solovchenko et al., 2006).

This result may explain the higher contribution of
seed deposition in the months of higher temperature.
It may also help explain the fact that the highest absolute
seed densities were found in areas with higher light
incidences, as these environmental conditions favour

the increased production of fruits and seeds.

Species with the highest relative densities (Cecropia
glaziovii, Cecropia hololeuca and Miconia maroana) had
characteristically large amounts of seeds produced by
their fruits (Lorenzi, 2009). Seeds from species C. glaziovii
and C. hololeuca were found in all plots. These species
have flowers for a long period (August-December),
and their fruits mature from November to February,
with birds, bats and marsupials acting as their primary
dispersers (Lorenzi, 2009). The high occurrence of these
species in sample units may be associated with the high
efficient zoochoric dispersal system characterized by
a variety of seed dispersers, in addition to the high
seed production in these species (Rother et al., 2009).

Throughout the “Santa Marta” valley, zoochorous
dispersion predominated, as expected in tropical
forests (Howe & Smallwood, 1982). However, plots
P1 and P5 showed anemochory as the main dispersal

syndrome. This finding can be understood based on
the dynamics of species present in these plots, in which
great number of seeds of species from the Asteraceae
family were observed.

Asteraceae has long flowering and fruiting periods
with high seed production. The fruits of species belonging
to this family have pappi and other structures involved
in seed dispersion by wind, thus increasing resistance
between air and the fruit and extending the time and
distance of their dispersal (Maluf & Wizentier, 1998).

Galetti & Pizo (1996) and Du et al. (2009) reported
that, up to a certain point, elevation is not a limiting
factor for zoochorous dispersion because in tropical
forests, 90% of species that produce fleshy fruits are
eaten and dispersed by fruit-eating animals, especially
mammals and birds. Thus, the phenological pattern
of plant species is the key factor that influences the
dispersal syndrome and the activity of dispersers.

Plant species tend to enter the reproductive phase at
favourable times in order to maximize dispersal success
and establishment of new seedlings. The reproductive
period is usually initiated by the temperature and
humidity of the environment (Morellato et al., 1990).
Anemochorous species, which need wind to disperse
seeds, show peak seed production in dry periods,
unlike zoochorous species, which tend to disperse
their seeds at the beginning of the rainy season
(Vieira et al., 2012). Galetti et al. (2003) reported that
the dynamics of species selecting the optimal time
for seed dispersal go beyond the need for favourable
environmental conditions: this timing is also important
in contributing to the availability of food resources for
fauna throughout the year.

Given the importance of understanding seed rain
patterns for the establishment and dynamics of forest
mountainous ecosystems, data generated by this study
may contribute to the development of management
and biodiversity conservation programmes in similar
regions, supporting programmes and actions aimed at
regenerating and restoring degraded areas.

5. CONCLUSIONS

Increasing trend in seed density in mountainous
areas with northern and northeastern aspects (higher
light incidences) and reduction in species richness with
increasing altitude were found. However, species density
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and richness follow a deposition pattern that depends
on environmental conditions, unlike the dispersal
syndrome, which was predominantly characterized
by zoochory throughout sampling units.
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