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Abstract Phenology in plants is closely related to the
environmental features of their habitats, which can act as
habitat filtering, clustering species with particular adapta-
tions. On the other hand, aggregation of species can lead to
competition between them, segregating their niches. We
investigated if habitat filtering and interspecific competi-
tion influence phenological diversity in an assemblage of
grass species in savanna grasslands of central Brazil. We
conducted phenological observations, in 15-day intervals,
of ten species of savanna grasses. We used circular statis-
tics to ascertain the seasonality of the phenology and null
models to estimate the phenological overlap between spe-
cies. The reproductive period of grasses was seasonal and
concentrated in the rainy season, corroborating the habitat
filtering hypothesis; however, within the rainy season, the
phenological niche overlap between species was less than
expected at random. Flowering was more segregated than
fruiting and seed dispersal. Although grasses have similar
architectural feature and share similar above and under-
ground niche, these results suggest that grasses are under
competition pressure and this can result in phenological
segregation, allowing coexistence between them.
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Introduction

Reproduction in plants is closely related to climatic and
environmental traits of their habitats (Frankie et al. 1974;
van Schaik et al. 1993). In less seasonal environments, such
as rainforests, where climatic limitations are minimal
(Morellato et al. 2000), phenological patterns are more
limited by phylogenetic constraints than by interspecific
competition (Staggemeier et al. 2010). On the other hand,
extreme environments features, like freezing in alpine
environments (Cornwell et al. 2006) and harsh edaphic
conditions in serpentine soils (Williamson and Harrison
2002), can act as an habitat filtering leading to a shared
ecological tolerances between species from a community
(Cornwell et al. 2006; Sargent and Ackerly 2008). In
strongly seasonal environments, such as savannas, the cli-
matic seasonality can exerts a strong pressure by acting as
an habitat filtering and limiting the reproduction of her-
baceous species mostly to the rainy season (Ramirez 2002).

A result of the habitat filtering can be the reduction in
species-specific strategies, resulting in a community of
species that share similar traits, such as similar reproduc-
tive periods (Weiher et al. 1998; Sargent and Ackerly
2008). However, within this optimal period for reproduc-
tion in the community, competition (e.g. for water, light,
pollination or nutrients) might segregate phenological
niches of species, making the coexistence between them
possible (Fargione and Tilman 2005; Cornwell et al. 2006;
Levine and HilleRisLambers 2009). Temporal reproductive
niches may be represented by different phenological phases
of the plant (e.g. flowering, fruiting and dispersal), which
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may be subject to different selective pressures (Rathcke
and Lacey 1985; Primack 1987).

The reproductive phenology of grasses in savannas,
especially the flowering period, appears limited to the rainy
season (Monasterio and Sarmiento 1976; Silva and Ataroff
1985, Sarmiento 1992). Grasses stagger in the reproductive
season, with some species exploiting the whole reproduc-
tive period and others exploiting the beginning, middle or
the ending (Silva and Ataroff 1985; Almeida 1995, Sar-
miento 1992). Furthermore, in the dry season, the grasses
go through a semi-rest phase without vegetative growth
(Monasterio and Sarmiento 1976). Thus, in the rainy sea-
son they might need a build-up period to store carbohy-
drates and to vegetative growth (Munhoz and Felfili 2005;
Souza et al. 2010) before flowering.

Water is a limited resource in savanna ecosystems, thus
the seasonal availability of this resource may act as the
main habitat filtering for the evolution of phenological
strategies in grasses. Moreover, species may coexist in a
community due to present or past competition. In this
sense, we tested habitat filtering and interspecific compe-
tition to explain the phenological diversity in an assem-
blage of grasses. We expected that the reproductive period
would be seasonally distributed and concentrated during
the rainy season (phylogenetic clustering: according to the
habitat filtering) and that, within the rainy season, the
phenological niche overlap between species would be less
than expected at random (phenological dispersion:
according to the competition between species). Since grass
species may need a vegetative growth before flowering, we
might expect that flowering of assemblage will occur
mainly at the middle to the ending of the rainy season.

Materials and methods
Study area

We conducted the study at the Environmental Protection
Area of the Sdo Bartolomeu river, near Sobradinho, Dist-
rito Federal, Brazil (15°40'20”S and 47°44'30"W). We
defined an 11.56 ha patch of savanna grassland for this
study. The climate is classified as humid tropical (Aw)
(Koppen 1948), characterized by two well defined seasons:
a rainy summer and a dry winter. The soil presents a water
deficit in the surface layers during the dry season (Eiten
1972; Franco 2002). Rainfall during the study period ran-
ged from zero in the driest month (July) to 150 mm in the
wettest month (April). The accumulated rainfall during the
study period (January 2009-March 2010) was 1,152 mm
(Fig. 1). Average monthly temperature ranged from 19.33
to 23.1 °C along this period. The area is located at an
altitude of 1,200 m.
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Reproductive phenology

We studied ten of the most abundant species of perennial
grasses in the study area (DR, personal observation), which
are common (Amaral et al. 2013) and frequent in savanna
grasslands of central Brazil (for relative frequency in
grasslands see Munhoz and Felfili 2006). For an accu-
rate identification we collected vouchers of the species:
Andropogon selloanus (Hack.) Hack., Axonopus pellitus
(Nees) Hitchc. and Chase, Axonopus pressus (Nees) Parodi,
Echinolaena inflexa (Poir.) Chase, Panicum olyroides
Kunth, Paspalum carinatum Humb. and Bonpl. ex Fliiggé,
Paspalum gardnerianum Nees, Schizachyrium tenerum
Nees, Trachypogon spicatus (L.f.) Kuntze, Trichanthecium
cyanescens (Nees ex Trinius) Zuloaga and Morrone. We
deposited these vouchers in the Herbarium of Embrapa
Genetic Resources and Biotechnology (CEN), headquar-
tered in Brasilia.

We measured the phenology of grass species at 15-day
intervals from January 2009 to January 2010 (Andropogon
selloanus, A. pellitus, Axonopus pressus, Paspalum carin-
atum, P. gardnerianum, Panicum olyroides, Schizachyrium
tenerum and Trichanthecium cyanescens), and from March
2009 to March 2010 (Echinolaena inflexa and Trachypogon
spicatus). For tree species in tropical forests, this interval of
observations provides accuracy and efficiency, regardless of
sample size (Morellato et al. 2010a), and has been used for
herbaceous layer in savannas of central Brazil (Tannus et al.
2006; Munhoz and Felfili 2007). We estimated that a 15-day
interval would provide similar accuracy and efficiency for
components of the herbaceous vegetation.

In the field, at the Environmental Protection Area of the
Sdo Bartolomeu river, we unsystematically delimited ten
individuals of each species. For eight species (Andropogon
selloanus, Axonopus pellitus, A. pressus, Paspalum carin-
atum, P. gardnerianum, Panicum olyroides, Schizachyrium
tenerum and Trachypogon spicatus), individuals could be
clearly delimited. We considered an individual as a set of
culms that formed a natural tussock, spatially isolated from
other tussocks. For Echinolaena inflexa and Trachypogon
cyanescens, species with strong rhizomatous growth, not
structured in tussocks, each of the ten individuals corre-
sponded to an area of 100 cm?® delimited within a solid
cover matrix of this species. To avoid scoring the same
individuals twice, since grasses have vegetative reproduc-
tion via rhizomes (Gibson 2009), we chose individuals
distant from each other by at least three meters (see
Munhoz and Felfili 2005).

We divided the reproduction into three phases: flower-
ing, fruiting and seed dispersal (Zadoks et al. 1974; Tott-
man et al. 1979). To measure the magnitude of each
reproductive phenophase, we used a direct method of
quantitatively counting the total number of culms (all
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shoots per individual), which were marked with a small
wire and recorded concerning the specific plant stages
(D’Eca-Neves and Morellato 2004; Morellato et al. 2010a).
For each observation we recorded the marked culms and
marked the new ones that emerged. This method requires
intensive sampling effort and observations are time-con-
suming, but it allows us to calculate the intensity of phe-
nophases (D’Eca-Neves and Morellato 2004; Morellato
et al. 2010a). We considered flowering when the spikelets
were in pre-anthesis (closed) or in anthesis (open). We
considered as flowering the stages of booting until anthesis
according to Zadoks et al. (1974). We considered fruiting
when the anthers and stigma fell but the spikelets remained
in the rachis, the stages of milk development until ripening
also according to Zadoks et al. (1974). We considered

2009
Months of the year

dispersal when most (70 % or more) of the spikelets fell
from the rachis during or before counting; that is, when the
rachis were empty. Grasses commonly present flowering,
fruit formation and seed dispersal of spikelets of the same
culm at overlapping times; for this reason, we considered,
for each observation (i.e. in each 15-day interval), only the
dominant phenophase in the respective inflorescence.

Data analysis
Phenological patterns
We used circular statistics to describe the grass pheno-

logical patterns, as in Morellato et al. (2010b). First, we
converted the dates of occurrence of a given phenophase
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(e.g. flowering) to angles. We determined the angles for
each species, since the collection dates varied among
species. We then calculated the average (a) and angular
deviation (AD), confidence intervals and length of the
vector r, for the variables duration of phenophase and early
phenophase in populations and communities (groups) of
grasses studied. The length of the vector r makes it possible
to measure the concentration of a phenophase around the
mean angle. The Rayleigh test (Z) (Zar 1999) was used to
evaluate the uniformity of phenological data and is useful
in determining the degree of seasonality of a phenophase
(Morellato et al. 2010b; Talora and Morellato 2000). We
made all analyses on circular Oriana software version 3.13.

Phenological niche overlap

We made analyses of niche overlap with null models to test
the hypotheses of habitat filtering and interspecific com-
petition in determining phenological strategies of grasses in
the assemblage. For this, we considered the grass use of
time for flowering, fruiting and dispersal. We used Pianka’s
(1973) index of niche overlap to contrast the expected
pattern with the observed pattern in the overlap:

Z?:l P2iP1i
> (P%i) (P%i)

where 1 and 2 represent the pair of species, p; is the pro-
portion of time used i by a species, and n is the total
number of 15-day intervals i in a year (24).

We generated ten thousand randomizations to measure
the index of overlap expected by chance (null model). To
test the hypothesis of habitat filtering, we used the RA3
algorithm (Winemiller and Pianka 1990), which assumes
that: (1) the unused resources (15-day intervals of the year
without phenophase) are available to the grasses and (2) the
breadth of a niche is fixed. Since the reproductive period
should be continuous, i.e. the beginning of the reproduction
season predicts the use of resources for the dispersal of
propagules, we only used the 15-day interval in which the
species started its flowering in this stage.

For the hypothesis of interspecific competition, both
calculations of niche overlap, observed and expected, fol-
lowed the RA2 algorithm (Winemiller and Pianka 1990),
assuming that: (1) the unused resources (15-day intervals of
the year without the phenophase) are inaccessible to the
grasses, even in the absence of competition and (2) niche
breadth is not fixed, i.e. the intensity of a phenophase can
be distributed in any way within the period in which this
phenophase is recorded. Thus, considering that the equi-
probability of availability (or quality) of resources is not
real for a seasonal environment, we defined different
weights for the availability of resources in all phenological

012 =0y =
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phases, except the dispersal of propagules phase. We
defined the weights of resources based on an index of
election (Lawlor 1980):

¢j = pij/R;

where R is a measure of the availability of the resource j in
time i. We calculated the value of p;; as the average for the
assemblage. For the ratio of time use i for each species. We
measured R; indirectly from the resources (1) radiation, (2)
precipitation, (3) average air humidity and (4) temperature:
all are major factors that have shown to be decisive in the
growth and reproduction of plants (van Schaik et al. 1993;
Wright and van Schaik 1994; Fenner 1998). We summa-
rized these four resources into one eigenvector generated
by a principal component analysis (PCA) which explained
respectively 76.69 % (PCAIl) of original data variance.
However, we assumed equiprobable resource use for phase
dispersal of propagules, since this seems to have no direct
relationship with the availability of energy resources, but
with favorable environmental conditions for dispersal
(Howe and Smallwood 1982; Batalha and Martins 2004).

Results

In the scale of assembly, the reproductive period of grasses
was seasonally distributed (Rayleigh Z = 13.7, P < 0.001).
The concentration of reproductive activity was on March 5,
in the rainy season. The reproductive peak was not very
accentuated (» = 0.31, Table 1). The flowering period was
concentrated on February 7, still in the rainy season
(Table 1), and was more pronounced (r = 0.55) than the
peak of the reproductive period (Fig. 2). Flowering was
highly synchronous, or seasonal (Rayleigh Z = 28.66,
P < 0.001, Table 1). The fruiting period was concentrated
on March 19 (Table 1). The fruiting phenophase was less
synchronous and less concentrated (r = 0.33, Rayleigh
Z = 12.52, P < 0.001, Table 1). The peak of dispersal was
low (r = 0.4), but it was the second most synchronous
phenophase (Rayleigh Z = 15.03, P < 0.001, Table 1). The
dispersal of seeds of these grasses was concentrated on April
20 (Table 1; Fig. 2), at the end of the rainy season (Fig. 1).

The grasses showed a greater overlap of phenological
niches (beginning of the phenophase) than expected by
chance for the phenophases fruiting and dispersal, but not
for flowering (Table 2). However, considering habitat
filtering and the differential quality of the temporal
resources, there was segregation of phenological niches of
species of grasses for all phenological phases (flowering,
fructification, dispersal). Of all the phenological phases,
flowering was less overlapped (Table 3), with the species
showing a clear segregation of niches in this stage of
reproduction.
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Table 1 Reproductive period

. Mean + AD° (n) 95 % CI Mean date Vector R Rayleigh (Z)
of grasses 1 a savanna
grassland in Central Brazil Reproduction 63.00 + 87.4° (141)  42.2-84.0°  05/March 031 %137
CI confidence interval, AD Flowering 37.36 + 62.2° (93) 23.8-50.9° 7/February 0.55 #4528 66
angular deviation Fruiting 76.38 & 85.1° (114) 54.6-98.2° 19/March 0.33 #412,52
Rayleigh: *P < 005, . 1 1 ° (92 _127° 20/April 4 sk ]
6P < 0.01: #P < 0,001 Seed dispersa 08.33° (92) 88.7-127 0/Apri 0. 5.03
Fig. 2 Circular analysis of the FLOWERING FRUITING

reproductive period, flowering,
fructification and dispersal of

ten species of grasses in a

savanna grassland. The angular

mean indicates that

reproduction was concentrated

in March (n = 141), flowering Oct
in February (day 9),

fructification in March, and the

seed dispersal in April.

117 x 115 mm Sept
(300 x 300 DPI)

SEED DISPERSAL

Oct

Sept

Discussion
Seasonality of reproduction and habitat filtering

The concentration of the reproductive period of the grasses
during the rainy season corroborates the results of previous
studies in herbaceous species in Neotropical savannas
(Silva and Ataroff 1985; Sarmiento 1992; Batalha and
Mantovani 2000; Ramirez 2002; Batalha and Martins
2004; Munhoz and Felfili 2007). The seasonal rainfall was
reported by Monasterio and Sarmiento (1976) as the major
constraint to the reproduction of plant species in grass-
lands. In savannas, there is a close link between repro-
ductive period and plant life form, because water

Out

Sept

REPRODUCTION

Oct

Sept

availability affects differently woody and herbaceous
plants in these environments (Ramirez 2002).

Although grass species flowered during the whole rainy
season, flowering was concentrated at the middle of this
period (mean date on February 7, Table 1). An explanation
for this pattern is that that some species might need a build-
up period to accumulates carbohydrates (Souza et al. 2010)
for completely vegetative growth and then flowering
(Monasterio and Sarmiento 1976; Sarmiento 1992). For
instance, the amount of starch in shoots of a Cerrado
perennial grass Echinolaena inflexa is lower in the rainy
season, when vegetative growth is higher, compared to the
dry season, when vegetative growth is lower (Souza et al.
2010).
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Table 2 Niche overlap in the beginning of each phenophase in the
reproductive period in a grassland assemblage of grasses in a Neo-
tropical savanna

Index of overlap (Pianka)

Flowering Fruiting Seed dispersal
Expected 0.041 0.04 0.042
Observed 0.089 0.111 0.156
Observed = expected P =0.108 P =0.011 P =0.009

It was assumed a priori that the temporal resources unused by grasses
are potentially useful

Table 3 Overlap in reproductive phenology in a grassland assem-
blage of grasses in a Neotropical savanna

Index of overlap (Pianka)

Flowering Fruiting Seed dispersal
Expected 0.474 0.431 0.409
Observed 0.360 0.331 0.349

Observed = expected P = 0.0001 P =0.0002 P = 0.021

At this stage, it was corrected the unintended effect of habitat filter-
ing, assuming a priori that the temporal unused resources are inac-
cessible to grasses, but that niche breadth is not fixed

Effect of competition on phenological patterns
of the assemblage

The reproductive staggering of herbaceous species,
including grasses in savannas (Monasterio and Sarmiento
1976; Silva and Ataroff 1985; Almeida 1995; Madeira and
Fernandes 1999), suggests that, although the seasonal
drought is a strong habitat filtering that limits reproduction
of herbaceous plants to the rainy season, interspecific
competition acts as an opposite force to this filter, segre-
gating the reproductive periods of these species.

Tree and shrub species in savannas that have root sys-
tems with different depths do not compete with each other
for water (Scholes and Archer 1997). However, grass
species that have similar roots and coexist in the same
habitat may avoid competition by being reproductively
active at different times (Golluscio et al. 1998; Martinkova
et al. 2002; Ogle and Reynolds 2004). The partitioning of
resources is an important niche segregating factor in plants
(Ashton et al. 2011) that may promote coexistence among
species (Jung et al. 2010). Likewise, rhizomatous herba-
ceous species may compete for soil nutrients on substrates
of low productivity (Rebele 2000). Finally, species of
grasses in wet savannas share the same spatial water uptake
niche (Rossatto et al. 2013). Thus, the temporally segregate
pattern of flowering present in this study may be a way of
avoiding competition of these seasonal resources by these
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species, as it was found for grasses by Fargione and Tilman
(2005).

While segregation indicates competition, clustered
flowering suggests facilitation (e.g. by sharing pollinator
species) (Staggemeier et al. 2010). The architecture of
grass inflorescence seems to be adapted for wind pollina-
tion (Friedman and Harder 2004; Cresswell et al. 2010).
Besides the wind, insects have been recorded on grass
flowers in tropical forests (Soderstrom and Calder6n 1971)
and grasslands in Kenya (Bogdan 1962), but our results
indicate that there is no trend towards sharing biotic
pollinators among these species of grasses. On the contrary,
they suggest that there is a competition for other resources
during the flowering phenophase. Stigmatic surfaces can be
a limited resource and the arrival of heterospecific pollen to
these surfaces reduces the availability of space to conspe-
cific pollen, leading to a reduction in seed set (Brown and
Mitchell 2001; Arceo-Gémez and Ashman 2011). Segre-
gating the flowering period may be a way to avoid the
heterospecific pollen in this assemblage of savanna grasses.

While the flowering of the species follows a pattern
clearly segregated for the entire duration of this pheno-
phase, the same was not true for the onset of fruiting and
dispersal of diaspores. The less segregated pattern in the
seed dispersal phenophase and the overlap in the beginning
of fruiting and seed dispersal may indicate a little but
important antipredator strategy because mast fruiting and
seeding may reduce seed predation by, for instance, having
a satiate effect on the predator (Kelly and Sork 2002;
Espelta et al. 2008), or by diluting the risk of predation
(Hamilton 1971; Augspurger 1983). In the deserts of
Argentina, for example, granivory is responsible for the loss
of most grass seeds in the soil (Marone and Horno 1997,
Marone et al. 1998; Marone et al. 2000), at a rate of up to
50 % (de Casenave et al. 1998; Marone et al. 2000), con-
sidering that small mammals and birds are the main seed
predators in these deserts (de Casenave et al. 1998). Since,
in the savanna, there is a large diversity of granivorous birds
(Sick 1997; Bagno and Marinho-Filho 2001; Sigrist 2006;
Braz 2008), granivory may be a strong pressure on fruiting
and dispersal of diaspores in plants and it constitutes an
important environmental filter in these environments. Seed
predation is a clear demographic signal for savanna tree
species, and the exclusion of seed predators results in high
rates of seedling establishment (Vaz Ferreira et al. 2011).

Our findings suggest that drought can be a strong habitat
filtering for grass reproduction in savannas by constraining
the reproductive period, mainly in the flowering phase, to
the middle of the rainy season. Although we did not test the
main causes of competition, our results show that compe-
tition for resources between grasses can lead to a diversity
of phenological strategies as reflected by interspecific
phenological niche segregation.
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