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Abstract Wetland seed banks comprise the propa-

gules of plant species that have species-specific

germination requirements for germination in either

flooded or dry conditions. At the community level,

wetland structure and succession during and after a

seasonal flooding event depends upon the early life-

history requirements of species, including germination

under flooded and dry conditions. We examined the

effects of simulated flood and post-flood scenarios on

seedling emergence from a seed bank of seasonally

flooded grassland in the Pantanal, Brazil. Field

samplings were conducted in both wet and dry

seasons, both of which were subject to flood and

post-flood conditions. A total of 70 species emerged

from the seed bank, dominated by Poaceae and

Cyperaceae. Sixteen species were exclusive to the

wet and one exclusive to the dry season. The richness

of perennial species was higher under flood condi-

tions, while the richness of annuals was greater post-

flood. In general, the aquatic and amphibious species

exhibited a significant germination response to flood-

ing. Terrestrial species only germinated in post-flood

conditions, with higher richness in the dry season.

Four species had high seedling abundance in both

treatments. The capacity of regeneration by seeds is

high in these grasslands and can be increased by
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seasonal flooding and drawdown. In these seasonally

flooded grasslands, we observed three main germina-

tion strategies: under flooded conditions, aquatic and

amphibious species; post-flood conditions, an explo-

sion of annual amphibious and terrestrial species; and

in moist soil, perennial terrestrial species. The

differential responses to flooding versus post-flood

conditions help to maintain the structure and species

richness in the community over time.

Keywords Growth forms � Life cycle � Seasonal
flooding � Seedling � Wetland

Introduction

Seasonally flooded wetlands can harbor a mixture of

plant species tolerant of flooded and/or dry conditions

(Grime 1977). Germination strategies are often cued to

changes in soil moisture such that a different suite of

species germinates in flooded versus dry conditions

(Baskin and Baskin 2014). Across time, the richness

and diversity of plant communities in seasonally

flooded wetlands are dependent on both flooding and

drawdown to allow the conditions necessary for

germination and growth of individual species (Bonis

et al. 1995; Pott and Pott 2004; Pott et al. 2011).

During flood periods, aquatic species may dom-

inate, while during dry seasons, more terrestrial

species may prevail. During each of the seasonal

conditions, a group of species (aquatic/terrestrial) will

be regenerating (Nielsen et al. 2002), that is, in

seasonal wetlands the germination of many species

varies according to the amount of water present in the

soil (Brock 2011). Seasonal wetlands dominated by

herbaceous species present an ideal system for

examining regeneration strategies, due to the existence

of two stable but alternating annual seasons (Ames

et al. 2015) and rapid colonization of annual species

(Barton et al. 2016), giving an answer in a short time.

The replacement of species in floodable grasslands

can be limited by the availability of seeds (or other

propagules) and/or of seedling establishment. Seed

limitation occurs when not all seeds reach available

sites for germination (Hubbell and Foster 1986). This

can be due to the number of seeds (in higher number—

annual plants; fewer—perennials) and/or limited seed

dispersal (Schneider 1994; Dalling et al. 1998). In

flood periods, corridors are formed that carry seeds for

potentially long distances (Middleton 2003). Seeds

can be trapped in the soil in different densities

according to the topographic gradient (Pagotto et al.

2011; Bao et al. 2014). This environment can limit

species richness and abundance in the community

(Muller-Landau et al. 2002). Yet the limitation of

establishment occurs when not all seeds germinate.

Such limitation will depend on germination itself, with

a direct influence by environmental factors including

moisture, light, temperature (Long et al. 2015) and

effect of seasonality (Hölzel and Otte 2001).

The germination response to seasonal events varies

according to the duration and intensity of the flood,

determining the occurrence or not of different groups

of species (aquatic, amphibian and terrestrial); this is a

fundamental mechanism for the structuring and

composition of a plant community (Jutila 2001). The

Brazilian Pantanal is marked by predictable annual

floods (Pott and Silva 2015), where grasslands are

flooded approximately 3–5 months per year. The

magnitude of flooding, however, varies with topogra-

phy and annual rainfall (the latter influenced, for

example, by El Niño events) (Junk 1993; Pott and Pott

2004). Flooding of the grassland stimulates germina-

tion of aquatic macrophytes (Oliveira et al. 2015;

Souza et al. 2016), while the seeds of terrestrial plants

adapted to drier conditions remain in the seed bank

waiting for the ideal conditions for colonization (Bao

et al. 2014). The evaluation of the seed bank of

wetlands can provide us with information on the

different plant life-forms involved in the regeneration

of this plant community under different environmental

conditions, in order to identify which plant species can

establish during and after a seasonal flood event

(LaDeua e Ellison 1999; LePage et al. 2000; Brock

2011), and the species available for regeneration.

These are important data to help inform understanding

of factors influencing the continued survival of

wetland plant communities, and to aid design

strategies for their conservation (Thompson et al.

1997). Our study also provides new information on

how differing species germination strategies, and

variation in seed flood tolerance, may influence plant

community succession in seasonally flooded tropical

wetlands.

Our objectives were to evaluate the seed bank of

floodable grasslands and to investigate how the life-

forms of the communities of species present in these
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dynamic systems respond to seasonal floods. We

carried out experiments to simulate the effect of flood

and post-flood conditions on the seed bank to examine

changes in emergence from the seed bank. Specifi-

cally, we examined: (1) species primarily involved in

initial regeneration during and after flooded and dry

conditions; (2) life-history regenerative strategies in

the seed bank in relation to seasonal variation (cycle of

annual and perennial species); and (3) the established

species in the grassland during flood and post-flood

conditions (contrasting the occurrence of aquatic,

amphibious, and terrestrial species).

Methods

Region of study

The Brazilian Pantanal wetland is the largest con-

tinuous floodplain on Earth, covering 140,000 km2, in

Central-West Brazil, predominantly occupied by

seasonally flooded grasslands and savannas. Flooding

in the Pantanal is annual and predictable (Pott and

Silva 2015) due to local rains and/or river overflow

(Pott and Pott 2004). Topographic variation combined

with local hydrologic regimes forms permanently and

periodically flooded zones (Pott and Silva 2015). The

climate is tropical sub-humid, with an average annual

rainfall of 1100 mm and mean annual temperature of

26 �C (Allem and Valls 1987; Silva and Abdon 1998).

The soil is sandy. The study area in Central-West

Brazil (Fig. 1a), covering 9200 ha, is a seasonally

flooded plain with natural grasslands and temporary

water bodies containing aquatic macrophytes and, in

the dry areas, numerous grasses and terrestrial herbs

(Pott and Pott 2004).

The study area is utilized as pasture, mostly

comprised of native grasses, but approximately 20%

of it was cultivated with the exotic Urochloa

humidicola (Rendle) Morrone & Zuloaga. Flooding

occurs between April and August with maximum

water levels approximately 4 m above baseline datum

(a.b.d.) in the nearby Miranda River in June–July and

minimum water levels of 2 m (a.b.d) typically

between October and December level (data collected

at ranch Fazenda São Bento, between 2013 and 2015,

Fig. 1b). Therefore, the floodplain undergoes predict-

able seasonal cycles of flooding and drawdown.

Seed bank collection

To evaluate the effect of seasonal flooding on seed

bank composition, we sampled three elevation levels

of eight temporary ponds during two periods char-

acteristic of the Pantanal: the end of the wet season in

July and August (2014 and 2015), and after the dry

season in October and November (2013 and 2014).

Ponds were selected with similar depths and areas. At

each pond, three 10-m-long transects were established

along a topographic gradient. Topographic levels

(e.g., low, mid and high) with approximately 30-cm

vertical difference were established according to a

reference of the flood-level water mark on fence poles

and plants (Fig. 1c). Low topographic level was in the

middle of the pond, the mid level was on the pond edge

and the high level was on less flooded, higher ground.

Stratifying by topographic level allowed us to sample

the major habitat types, which may be structuring the

seed bank and plant community in this system (e.g.,

Bao et al. 2014, 2015), during different densities of

seeds captured at each level, due to the lowering of the

waters after the seasonal flood (Pagotto et al. 2011;

Bao et al. 2014). At low topographic levels, there is a

higher seed density and a higher concentration of

seeds of aquatic macrophytes. At the mid and high

levels, the number of seeds of grasses and seeds of

terrestrial grass increases (Bao et al. 2014).

Five soil samples were collected randomly along

each transect according to a table of random numbers.

The upper 3 cm depth of soil sample was collected

within 20 9 20 cm quadrats. Soil samples were kept

in dark plastic bags, under ambient temperature, and

transported to Universidade Federal de Mato Grosso

do Sul (UFMS), immediately for germination studies.

Seed bank experiments

Soil samples were spread in plastic trays

(20 9 20 9 10 cm) and then subject to a two-phase

flooding regime simulating a 3-month flood followed

by a 3-month drawdown. Specifically, samples were

first submerged in tanks under 90 cm of water (flood

treatment) for 3 months; the flood in tanks was similar

to the depth observed in the field. Any filamentous

algae growth was removed. Seedlings of aquatic plants

were removed and placed into trays with bare soil in

the greenhouse (post-flood treatment). Here, they were

exposed to ambient air temperature and twice a day
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watering for 3 months. Samples were randomly

placed within the greenhouse and were moved around

monthly to provide further randomization of light

conditions (e.g., Bao et al. 2014).

The seed bank was evaluated using the seedling

emergence method, whereby germinated seeds were

counted, identified and removed to avoid competition

with new seedlings (Thompson et al. 1997) once per

week. Species identification of some species was only

possible during flowering (e.g., Pott and Pott

1994, 2000). Vouchers of all species were incorpo-

rated in the Herbarium CGMS, at the Universidade

Federal de Mato Grosso do Sul. Nomenclature follows

APG IV-Angiosperm Phylogeny Group (2016). Spe-

cies germinated from the seed bank were classified

according to their life cycle (perennial or annual),

growth form (aquatic, terrestrial and amphibious) and

whether they germinate and establish in a dry or flood

environment (Pott and Pott 1994; Leck and Brock

2000; Pott and Pott 2000).

Statistical analysis

First, we constructed species accumulation curves to

evaluate seed bank sampling in two treatments: flood

and post-flood, and in the wet and dry seasons. Species

richness and abundance data fit a Poisson distribution.

Generalized linear models (GLMs) (Cai et al. 2012)

were used to test the effect of seasonality (wet and dry)

and treatment (flood and post-flood) on species

Fig. 1 Seasonally flooded grassland in the Pantanal wetland

(Central-West Brazil). a Sampling points including eight

seasonal ponds (P1–P8 in grassland—Image Source: ‘‘Fazenda

São Bento,’’ south Pantanal, (19�29027.300S; 57�01055.900W)

Google Earth (accessedMarch 15, 2017)), bmeanmonthly level

of the Miranda River, arrows showing the sampled seasonal

periods (dry and wet), between the years 2005 and 2015,

c representation of the transects following the topographic levels
(low, mid and high) in each sampled pond, with five random

samples
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richness and abundance, as well as the interaction of

treatments and seasonality. The influence of these

factors on the germination of different life-history

strategies and growth forms was analyzed separately

for each seasonal period. We conducted a GLM for the

species that emerged in the two treatments (flood and

post-flood) and in the two periods (wet and dry

seasons). All analyses were conducted in R environ-

ment (R Core Team 2017), with vegan (Oksanen et al.

2017), permute (Simpson 2016), lattice (Deepayan

2008) and BiodiversityR (Kindt and Coe 2005).

Results

Richness and abundance of the plant community

in the seed bank

The seed bank was composed of a total of 70 species,

representing 21 families and 49 genera. A full list of

species and authorities is given as Table S1 in the

supplementary material attached to the online version

of this paper. Sixteen species were exclusive to the wet

season, and one species was exclusive to the dry

season. Species richness during the wet season was 66

species, which was greater than during the dry season

(51 species) (z ratio = 4.569, p\ 0.001, Fig. 2a).

Poaceae and Cyperaceae had the highest number of

species (11 species each), followed by Plantaginaceae

(seven species), Euphorbiaceae (6), and Alismataceae

and Asteraceae (five species each). Seedling abun-

dance was almost double in the wet season (23,134

seeds compared to the dry season (13,514 seeds)

(z ratio = 1.0489, p\ 0.001, Fig. 2b).

The species exclusive to the flood treatment were

essentially aquatic plants, with the highest abundances

of Sagittaria guayanensis (1703 seedlings), Limno-

charis flava (1479 seedlings) and Hydrocleys parvi-

flora (1292 seedlings). However, Isoetes pedersenii (a

small fern-ally) was also found in the seed bank, with

an abundance of 1247 germinated spores limited to the

flood treatment (Table S1).

The species accumulation curves suggest that most

species in the community were sampled (Fig. S1).

Effect of flood and post-flood on germination

of perennial and annual species in the seed bank

In the flood treatment, 32 perennial and six annual

species germinated. In the wet season, the number of

annual and perennial species in the seed bank was

similar (z ratio = 2.270, p = 0.581, Fig. 3a), whereas

in the dry season, a significant difference occurred

between annual and perennial species

(z ratio = 2.661, p\ 0.001, Fig. 3b). In the post-

flood treatment, the number of annual species (25

species) increased in relation to flood, but the number

of perennials (32) was similar between flood and post-

flood treatments. Ultimately, there was no difference

in the number of annual and perennial species in the

post-flood treatment for both sampling seasons.

Similar abundances of annual and perennial species

occurred in the wet versus dry season (z ratio = 0.574,

p = 0.581; z ratio = 0.436, p = 0.675, respectively,

Fig. 2 a Species richness and b abundance of seeds present in the seasonally flooded grassland seed bank in the Pantanal wetland

(Central-West Brazil)
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Fig. 3c, d); however, in both the wet and dry seasons,

the abundance of annual species was greater than

perennial species in the post-flood treatment (wet

season: 4378 annuals and 1654 perennials,

z ratio = 0.436, p\ 0.001, and dry season: 4582

annuals and 1769 perennials, z ratio = 1.417,

p\ 0.001, Fig. 3c, d).

Interaction of seasonal collection and germination

environment on growth forms

Seasonality (wet vs. dry) and germination environ-

ment (flood and post-flood) interacted to affect the

richness and abundance of different growth forms.

Species richness of aquatic macrophytes increased in

flooded conditions, in both wet and dry sampling

seasons (Table S1; wet: z ratio = 1.497, p\ 0.001,

and dry season (z ratio = 1.976, p\ 0.001, Fig. 4a,

b). The abundance of aquatic macrophytes was three

times greater in the wet season (8534 seedlings) than

in the dry season (2326 seedlings) with the greatest

abundance in the flood treatment across sampling

periods (wet: z ratio = 1.976, p\ 0.001, dry:

z ratio = 0.393, p\ 0.001, Fig. 4c, d). Terrestrial

plant species only germinated in the post-flood

treatment, with a richness of 38 species in the wet

season and 23 in the dry season. Abundance of

terrestrial species was similar in the wet and dry

seasons. Richness of amphibious plants did not differ

between seasonal collections or germination treatment

(Fig. 4c, d; Table S1); however, there was a greater

abundance of amphibious species that germinated

from samples collected in the wet season than in the

dry.

Yet, in the dry season seed germination of

amphibious species was three times higher in the

post-flood treatment than in the flood treatment

(z ratio = 7.872, p\ 0.001, Fig. 4d). Four species

Fig. 3 Germination of

annual and perennial

species. Mean richness of

germinated seeds a in the

wet and b dry seasons. Mean

abundance of germinated

seeds, c in the wet and d dry

seasons, between the

treatments of flood and post-

flood, from seed bank of

seasonally flooded

grasslands in the Pantanal

wetland (Central-West

Brazil)
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occurred in all treatments and in all sampling seasons

and had the greatest abundance of germinated seeds:

Rotala ramosior (8989 seedlings), Eleocharis minima

(3826), Bacopa australis (3581) and Helanthium

tenellum (1564) (Table 1).

In the individual analysis of each species, R.

ramosior had similar germination in flood versus

post-flood conditions; however, germination of the

other species differed between treatments (Fig. 5).

Only E. minima had higher germination in the post-

flood treatment (Table 1). Yet, these species had

higher germination from soil in the wet season than in

the dry season: R. ramosior (z ratio = 5.774,

p\ 0.001, Fig. 5a), B. australis (z ratio = 11.738,

p\ 0.001, Fig. 5b), E. minima (z ratio = 5.544,

Fig. 4 Effect of treatments

of flood and post-flood on

species richness a in the wet

and b dry seasons; and on

seed abundance, c in the wet
and d dry seasons, between

the different growth forms,

in seasonally flooded

grasslands in the Pantanal

wetland (Central-West

Brazil)

Table 1 Number of emerged seedlings in the treatments flood and post-flood of four species shared between two seasonal periods

(dry and wet), from the soil seed bank of seasonally flooded grassland in the Pantanal wetland (Central-West Brazil)

Species Flood Post-flood Estimate Mean SE Pr([ |t|) t value

Rotala ramosior 4854 4135 0.1603 1.8516 0.0907 0.0777 1.7666

Bacopa australis 2350 1231 0.6466 1.2495 0.1107 0.0044 2.849

Helanthium tenellum 914 650 0.3408 1.2512 0.1316 0.0097 2.590

Eleocharis minima 1631 2195 0.2970 1.8986 0.1021 0.0037 2.910
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p\ 0.001, Fig. 5c) and H. tenellum (z ratio = 6.292,

p\ 0.001, Fig. 5d).

Discussion

Regeneration of seasonally flooded grasslands, such as

those of the Pantanal, occurs through the high

regeneration capacity of annual and perennial species

(Zobel et al. 1998), which have distinct germination

strategies, varying according to the environmental

conditions (Liu et al. 2009), and the abundance of

annual species in the seed bank (Bao et al. 2014; Souza

et al. 2016). In our study, three strategies/traits of

germination were found in the seed bank of floodable

grasslands in the Pantanal, according to soil flooding

and drought.

Richness and abundance of the plant community

in the seed bank

The abundance and richness of the seed bank varied

between the treatments of flood and post-flood. The

treatment with soil inundation revealed a seed bank

full of aquatic macrophytes (Fig. 2S). Nevertheless,

similar to other reports (van der Valk and Davis 1978;

Leck and Simpson 1987; Boedeltje et al. 2002), there

was a higher species richness and abundance of

seedlings from non-inundated soil than submerged

soil. In spite of the low species richness in flood

conditions, perennial species were very abundant.

Initially, emergence of Rotala ramosior and Bacopa

australis was high followed by mostly aquatic species

such as Hydrocleys parviflora, Limnocharis flava and

Sagittaria guayanensis, and plants commonly found in

Fig. 5 Total abundance of

emerged seedlings of four

shared species under the

treatments flood and post-

flood: a Rotala ramosior,

b Bacopa australis,

c Eleocharis minima and

d Helanthium tenellum,

from the soil seed bank of

two seasonal periods (wet

and dry) of floodable

grasslands in the Pantanal

wetland (Central-West

Brazil)
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temporary ponds, such as Pontederia parviflora,

Echinodorus grandiflorus and Helanthium tenellum

(Pott and Pott 2004).

High species richness of Poaceae and Cyperaceae is

characteristic of seasonal savannas, where aquatic and

terrestrial phases alternate, with predominance of the

grasses Reimarochloa spp., Axonopus purpusii, Pas-

palum spp. (Pott and Pott 1997, 2004). In the seed

bank, we also found Digitaria bicornis, D. fuscescens

and Setaria parviflora in high abundance. Under

increased moisture, the grassland is filled with

Cyperus spp. and Eleocharis spp. (Pott and Pott

2004). All recorded species are present in the list of

flora of the Pantanal (Pott and Pott 1999).

The high occurrence of spores of Isoetes perderse-

nii in the seed bank was also reported in flooded

grasslands in the northern Pantanal (Oliveira et al.

2015), where it represented over 50% of the diaspores

present in the soil. The presence of spores in the soil in

both seasons is in contrast to a previous report by Bao

et al. (2015), who observed the occurrence of this fern-

ally species only in the wet season. Based on our

observations of spores in both seasons, we hypothesize

that this species may form a persistent bank of

propagules.

The species accumulation curves illustrated the

importance of sampling wetlands in two seasonal

periods (wet and dry) and evaluating the seed bank

under both flood and post-flood conditions to max-

imize the representation of seeds and seedling

emergence strategies. Seasonal and flooded and

drained germination conditions can improve estimates

of richness of the vegetation (e.g., van der Valk and

Davis 1978, 1979; Bonis et al. 1995; Smolders et al.

1995; Brock 1997, 2011; Boedeltje et al. 2002; Price

et al. 2010), in addition to reflecting the ecologically

active species present in the seed bank (Haag 1983),

particularly for species producing dormant seeds (van

der Valk and Davis 1978; Bonis et al. 1995). This bias

can make a considerable difference, since, in our

study, the germination rate under experimental flood

conditions increased the species abundance and

richness of the plant community. Without the flood

conditions, aquatic species would have been

neglected. This information has enhanced our under-

standing of seed banks in these flooded grasslands, as

previous studies of the seed bank in the Pantanal did

not evaluate the flood conditions (e.g., Pagotto et al.

2011; Bao et al. 2014).

Effect of flood and post-flood conditions

on germination of perennial and annual species

in the seed bank

Greater richness of perennial species in the seed bank

in flooded conditions reveals that many species of

temporarily wet zones form seed banks, rich in

perennial species (Fig. 2S). It is known that the seed

bank of perennials is in general persistent (Thompson

and Grime 1979), due to the dormancy of most species

of this group. However, the germination strategies of

many species are limited by environmental conditions

(Saatkamp et al. 2014), and some species may change

their strategies according to environmental variation.

Yet, the low richness of annual plants in relation to

perennials, compared with other wetlands (e.g.,

Skoglund and Hytteborn 1990; Leck and Brock

2000), can be due to our experimental conditions that

favored the germination of many aquatic plants and

perennials. The knowledge of the seeds that make up

the bank and that are potentially able to regenerate

these pasture fields during and after the extreme

seasonal event.

In wetlands, where the environment is variable,

reproduction can fail in some consecutive years, which

makes seed banks critical for the persistence of the

plant community (Bonis et al. 1995), providing a

mechanism to buffer the effect of seasonal events

impacting the capacity of the seed bank to regenerate

these plant communities. Our data reveal that many

perennial species present in the seed bank are able to

colonize during and after flood disturbances, supple-

menting the mechanisms of regrowth and vegetative

propagation otherwise characteristic of grasses and

sedges (Ernst et al. 1992), characteristic of grasses and

sedges.

The communities of annual and perennial plants in

a variable environment undergo strong variations of

abundance over time (Venable and Lawlor 1980). The

variation in density of seeds in the soil depends mainly

on germination and reproduction of each species

(Bonis et al. 1995). In our study, the abundance of

annual over perennial species, in post-flood (Fig. 3S),

was due to annual species producing large quantities

of seeds (Oliveira et al. 2015; Souza et al. 2016),

which disperse readily (Cohen 1967; Bonis et al. 1995;

Baldwin and Derico 1999). Nonetheless, it is evident

that after a flood, there is an increase in emergence of

annuals (Souza et al. 2016).
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A higher number of seeds retained in the soil

corresponding to a flood period is characteristic of

seasonally flooded wetlands (e.g., in the Pantanal:

Pagotto et al. 2011; Bao et al. 2014; Oliveira et al.

2015; Souza et al. 2016; in others wetlands: Bertiller

1992, Leck and Leck 1998; Leck and Brock 2000;

Brock 2011), due to the increased incidence of

dispersal corridors (Johansson et al. 1996; Middleton

2003), and seeds being trapped in areas of lower

elevation (Pagotto et al. 2011; Bao et al. 2014).

Interaction of seasonal collection and germination

environment on growth forms

The coexistence of aquatic, amphibious and terrestrial

plants in wetlands indicates that these grasslands are

large amphibious habitats under constant succession

(Pott et al. 2011). Species replacement is caused by the

environmental conditions required by different growth

forms for germination and growth, related to seasonal

conditions of moisture, temperature and flooding in

each season (Grillas et al. 1991).

We observed an interaction between growth forms

and germination treatments of flood and post-flood due

to the groups of aquatic and terrestrial plants having

their germination restricted by the presence or absence

of a flood. Some essentially aquatic species occasion-

ally germinated following inundation, although no

terrestrial species germinated while flooded.

In these seasonally flooded savannas, the predomi-

nance of terrestrial grasses was high, but as flooding

begins, numerous other terrestrial, amphibious and

aquatic herbs cover the ground, followed by pre-

viously dormant aquatic macrophytes (Pott et al.

2011). As the water recedes, the aquatic species die

and form a layer of organic debris (Bonis et al. 1995)

and terrestrial annual herbaceous species germinate

(Bonis and Lepart 1994; Bonis et al. 1995). Thus, the

similarity of the seed bank is high before and after

flood (Bao et al. 2014), reflecting the seasonal

dynamics of these plant communities (Casanova and

Brock 1990) and the capacity to reestablish during and

after an extreme seasonal flooding event (Bao et al.

2015).

Our results reveal that many aquatic plants species

have high potential to colonize wetlands via the seed

bank, contrary to the findings of other studies that

reported colonization of such plants only when

vegetative propagules such as rhizomes or bulbs are

present in the soil (Brix 1994; Poschlod et al. 1999;

Engelhardt and Ritchie 2001; Sosnová et al. 2010).

The germination rate is related to the level of

variability of the environment and to the number of

seeds present in the soil (Venable and Lawlor 1980).

For the group of amphibious plants, we did not

observe differences between the treatments and

between seasons. The coexistence of amphibious and

terrestrial plants is high, as well as of the amphibious

and aquatic plants. However, for aquatic and terrestrial

plants there was no interaction. Germination of these

groups fluctuates strongly with environmental condi-

tions (Baskin and Baskin 2014), which allows the

exclusion of species or of a group, according to the

flood level (Van der Valk 1981). The seed bank

introduces an effect of storage of seeds capable to

colonize, either in years of flood or prolonged drought.

The seed bank seems to be formed by groups of

seeds that can go extinct for a time and/or remain in the

grassland constantly, independent of environmental

conditions. Considering the latter, we found, our bank

revealed four species with high germination rates: R.

ramosior, B. australis, H. tenellum and E. minima

(Fig. 3S). These small herbaceous species are con-

sistently found in the seed banks in the Pantanal

(Pagotto et al. 2011; Bao et al. 2014; Oliveira et al.

2015; Sousa et al. 2016), and in natural grasslands

comma and grow intermingled with native and exotic

grasses (Bao et al. 2015). They represent a group of

‘‘flexible’’ species that germinate and become estab-

lished in the field, independent of flood/dry dynamics.

Conclusions and future perspectives

This study highlights three germination strategies of

species represented in the seed bank of floodable

grasslands in the present study: (I) annual and

perennial species of aquatic and some amphibious

plants when the soil is under total inundation—(II) an

explosion of annual species, with amphibious and

terrestrial plants, immediately after the flood during

drawdown, and (III) some annual species and

numerous perennial grasses and sedges, typically

terrestrial, which start germination post-flood. When

the soil is flooded, most annual and some perennial

grasses are excluded and conversely; when soil is no

longer flooded, aquatic plants (mostly perennials—

many Cyperaceae) are largely excluded. Nonetheless,
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some species adapted to these seasonal systems can

germinate and become established under either

conditions (Fig. 6).

The dynamics of flood and dry conditions in these

seasonal grasslands are important, with each group of

species having its germination strategy, according to

the environmental conditions. Our results show that

this plant community has high species richness and

abundances of seeds, which contributes to the initial

colonization during and after seasonal events. Climate

change, leading to reduced flooding, may modify this

scenario, where large groups of species may be lost if

flooding declines or increases over time. In our study

over 2 years of sampling, it was not possible to verify

a temporal change in the composition of the vegeta-

tion. But it is worth noting the importance of the

evaluation of the seed bank as the main source of

maintenance of the plant community, mainly because

it contains species of different growth forms. We also

highlight the importance of evaluating seed banks in

different seasons and in two phases: flood and dry, to

better assess the plant diversity of seasonally flooded

grasslands.
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