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ABSTRACT
Evaluation of the eff ects of fl ooding on seedling recruitment from seed banks helps in understanding vegetation 
regeneration in fl oodplains. We studied the eff ects of simulated fl ooding on richness and abundance of, and temporal 
variation in, seedling recruitment from the soil seed bank of a fl oodable savanna of the Pantanal wetland, under 
two conditions: 1) Post-fl ood = inundated for 30 days followed by irrigation; 2) Non-fl ooded = only irrigated. We 
recorded emerged seedlings biweekly for 120 days and found a total of 124 species for the two treatments, the most 
abundant species were annual herbs (e.g., Richardia grandifl ora and Euploca procumbens) and annual graminoids (e.g., 
Digitaria ciliaris and Cyperus haspan). Flooding positively infl uenced seedling richness and abundance, while seedling 
emergence from the non-fl ooded soil was slower, but continued during all periods. Th e diff erent temporal patterns 
between treatments showed that fl ooding increases the abundance of emerged seedlings and acts as a trigger for 
explosive recruitment shortly after water depletion.
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Introduction

Flooding causes seasonal changes in the structure and 
fl oristic composition of fl oodplain vegetation (Junk et al. 
1989; Cunha & Junk 2001; Middleton 2002). Cycles of fl ood 
and drought, (i.e., the temporal and spatial variation in water 
level) infl uence the availability of habitats with the conditions 
necessary for seedling establishment, thereby allowing the 
occurrence of species with diff erent life-strategies for the 
various phases of the hydrological cycle (Valk 2005). Changes 
caused by annual and recurrent fl ooding can result in plant 
adaptations that can increase species diversity; therefore, 

a high level of biodiversity adapted to diff erent conditions 
can be expected in fl oodplains (Alho & Sabino 2012; Pott & 
Silva 2015). Th erefore, annual and perennial species can be 
expected in such environments, either as adults, juveniles, 
seeds or as other viable propagules, thereby maintaining 
diversity (Valk 1981). Th us, fl ooding selects species that 
are able to colonize fl oodplains, and so is considered the 
most important environmental fi lter in such environments 
(Valk 1981; Junk et al. 1989).

On the other hand, there are many species that are 
adapted to highly seasonal habitats, and so produce a 
transitory seed bank that disperse seeds during seasons 
for germination (Valk & Davis 1978; Leck 1989). Floods 
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can favor annual and perennial herbs as well as graminoid 
species, the most common life forms in the seed bank of 
floodplains (Pagotto et al. 2011; Bao et al. 2014). Many of 
wetland species, generally annuals, produce persistent seed 
banks with a large number of seeds with high longevity 
(Middleton 2003). The long persistence of these seeds in 
the soil is essential for the maintenance of the biodiversity 
of these communities during extreme events, such as 
prolonged droughts, by remaining viable in the seed bank 
until adequate conditions for germination return (Bossuyt 
& Honnay 2008).

In this sense, flooding is necessary for regenerating 
floodplain vegetation since many annual plants (graminoids 
and herbs) tend to subsequently emerge from the seed 
bank with more abundance than perennials (Capon 2007). 
However, some annual species have a strong response in 
flood free soil, even though they may have been waterlogged 
for several weeks (Capon 2007). Herbaceous species usually 
have fast growth and abundant seed production (Baldwin & 
Derico 1999), which is an advantage over woody plants early 
in succession, which generally have a slower start due to 
flood intolerance, and colonizing more elevated areas where 
flooding is shorter and less intense (Pott & Silva 2015).

The length of dry and flooded conditions is known to 
affect seed germination both positively and negatively (Brock 
2011). Increased flood levels tend to significantly reduce 
seedling emergence (Peterson & Baldwin 2004); however, 
floodings of all magnitudes can result in considerable 
germination from the soil seed bank (Capon 2007). In this 
respect, the effect of flooding on the seed bank is a key factor 
for the restoration and maintenance of natural vegetation 
(Bossuyt & Honnay 2008), and understanding the effects of 
flooding on seed bank dynamics is vital to understanding the 
regeneration of floodplain plant communities (Bekker et al. 
2000; Middleton 2003) and the seasonality of its vegetation 
(Bertiller 1992). Few studies on the recovery of degraded 
areas (Brock & of Rogers 1998; Wetzel et al. 2001) and 
succession have focused on post-flooding recruitment from 
the soil seed bank, including response time and temporal 
variation in post-flood recruitment (Jutila 2001; Webb et 
al. 2006); none of which have taken place in the Pantanal 
wetland.	We aimed to learn about post-flood regeneration, 
in order to better understand the dynamics of the Pantanal, 
perhaps the largest Neotropical wetland in the world. 
Towards this goal, we collected samples from the soil seed 
bank of the Pantanal floodplain, and conducted a greenhouse 
experiment to answer the following questions: 1) Does 
flooding positively influence seedling species richness 
and abundance? 2) Is there temporal variation in seedling 
recruitment, and if so, does it differ between flooded and 
non-flooded soil?

Materials and methods

Study area

The Pantanal wetland is located in the center of South 
America, and belongs to the upper Paraguay River Basin. 
The climate is warm and humid with rainy summers and 
dry winters, with a mean annual rainfall of around 1,100 
mm. It is considered a floristic mosaic (Adámoli 1982), with 
various phytophysiognomies (Pott et al. 2011) generated 
by the region’s unique hydrology (Cunha & Junk 2009; 
Fantin-Cruz et al. 2011).

The study area (19°35´48.2”S, 57°03’35.6”W, 90 m a. s. 
l.) lies within the cattle ranch Fazenda São Miguel, in the 
Pantanal subregion of Miranda, with hydromorphic, sandy 
to clayey soils. It is a seasonally flooded savanna that is 
inundated by overflow from the Miranda River plus local 
rain. The landscape is composed mainly of natural grasslands 
in monodominant formations of park savanna of Tabebuia 
aurea (Silva Manso) Benth. & Hook.f. ex S.Moore (locally 
called “paratudal”) and of Byrsonima cydoniifolia A. Juss. 
(“canjiqueiral”), with forest patches (riparian forest and 
forest islets) and scattered shrubby, spiny thickets of Mimosa 
pigra L., Bauhinia bauhinioides (Mart.) J.F.Macbr. and vines.

Sampling was done in permanent plots established by 
the Program for Biodiversity Research (PPBio 2011), that 
were placed to include the various physiognomies, following 
the method RAPELD (RAP = Rapid Assessment, + PELD = 
LTER = Long Term Ecological Research). Five 250 m-long 
transect lines, at the same altitude and separated by 1000 
m, were installed in a 5 km grid (for details see Costa & 
Magnusson 2010). The area was grazed except when flooded.

Collection of data and experimental design

Data collection and the experiment were carried out 
in both the dry season (July 2012) and the rainy season 
(March 2013), in order to obtain the best estimate of species 
richness and composition. Each 250 m-long transect was 
subdivided into 10 m segments, from which five transect 
segments were drawn for collecting four soil samples (20 
samples/transect) of 20 cm x 20 cm x 3 cm, 2 m equidistant, 
and at 3 m from the transect line, according to the protocol 
for soil sampling of PPBio (2011).

To evaluate the soil seed bank and the effects of flooding, 
we employed the seedling emergence method (Thompson et 
al. 1997). Accordingly, after removing vegetative propagules, 
we spread the soil samples forming a ca. 2 cm layer over 3 cm 
of sterilized sand in perforated plastic trays of 30 cm x 20 cm 
x 6 cm. The trays were randomly arranged in a screened (20% 
shade) greenhouse covered with transparent plastic, without 
temperature conditioning.	We adopted two treatments: 1) 
Post-flooded (PF), wherein 50 samples were submitted to 25 
cm deep inundation for 30 days in polyethylene tanks, and 
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thereafter they were removed and kept under irrigation; and 
2) Non-flooded (NF), where another set of 50 samples were 
submitted only to irrigation by an automatic sprinkler twice 
a day to keep the soil moist but freely drained throughout 
the experiment. These treatments were designed to assure 
that any differences between treatments would not be 
caused by water deficiency in NF, but by flooding in PF. 
Emerged seedlings were identified, counted and removed at 
15 day intervals for 120 days, for a total of eight samplings. 
Unidentifiable seedlings were transplanted to pots for 
subsequent identification.

Species were classified according to life form and life 
cycle (annual or perennial): annual herbs, perennial herbs, 
annual graminoids, perennial graminoids and woody (trees, 
shrubs and lianas). We included Poaceae, Cyperaceae and 
Typhaceae in graminoids (annual and perennial), and 
non-woody climbers in herbs (annual and perennial). The 
classification among life forms and life cycles was based on 
their representation and ecological importance in the natural 
grasslands of the Pantanal that were utilized for cattle 
grazing (e.g., Allem & Valls 1987). Shrubby, arboreal and 
liana habits were grouped as part of the woody component 
because of the importance of many woody species as weeds 
in these grasslands (Junk & Cunha 2012).

Data analysis

The 20 samples of each transect were drawn between 
treatments. Adding to 50 samples per treatment in each 
season (10 samples for each treatment x 2 treatments x 
5 transects x 8 periods x 2 seasons = 1600 observations). 
Analyses were performed using the software R (R Core 
Team 2014). To test the effect of inundation on seedling 
recruitment and to describe the variation of this effect over 
time, we tested the differences between treatments in each 
of the eight periods separately. This analysis was made for 
the whole community and also for each plant group (life 
form). To test the effect of temporal variation on seedling 
recruitment and to describe the patterns of such variation 
in both treatments, we tested the variation in richness and 
abundance between periods in both treatments separately. 
Differences between all periods were tested using Tukey’s 
test for multiple comparisons (Bretz et al. 2011). This analysis 
was made for the entire community. For both the effect 
of flooding and temporal variation we used Generalized 
Linear Mixed-effect models (GLMM) adjusted to maximum 
likelihood. The GLMM approach allows generalizations to be 
made regarding the distribution of the dependent variable, 
including a random component of the model (Zuur et al. 
2009), making it convenient for our experiment since it has 
intrinsic random factors and a non-Gaussian distribution 
of the dependent variables. For richness data we used 
the Poisson distribution. In the models of abundance we 
detected over-dispersion (variance higher than the mean) 
when using the Poisson distribution, so we used the negative 

binomial distribution instead (Zuur et al. 2009). Although 
the samples along transects were distributed randomly, 
they still could have spatial dependence. Therefore, we 
added transects and seasons as random effects, so that the 
model would assume a different intercept value for each 
transect and season, thereby minimizing problems related 
to lack of independence. Furthermore, we added a random 
slope to the treatment effect, which allows the different 
responses of the treatment in each transect and season to 
be considered (Zuur et al. 2009; Winter 2013). For GLMM 
models we utilized the lme4 package v1.1-9 (Bates et al. 
2015) and for temporal variation Tukey’s test we utilized 
the multcomp package (Hothorn et al. 2008).

Results
In total, 33,181 seedlings from 124 species emerged 

in both treatments, with 15,810 seedlings of 119 species 
in NF (non-flooded) and 17,371 seedlings of 116 species 
in PF (post-flooded). We recorded 32 species of annual 
herbs, 37 perennial herbs, 20 perennial graminoids, nine 
annual graminoids and 23 woody species in both treatments. 
The most abundant life form was annual herbs (16,475 
seedlings), followed by annual graminoids (6,103), perennial 
graminoids (5,405), perennial herbs (2,141) and woody 
plants (1,866). Four species can exhibit either annual or 
perennial behavior, and so were not considered in the 
analyses (Tab. S1 in supplementary material).

Eleven species occurred exclusively in NF: Mimosa 
weddelliana, Ludwigia sp., Stachytarpheta indica and Justicia 
laevilinguis. Sixteen species were exclusive to PF, among them 
Eleocharis minima, Nymphaea gardneriana, Mimosa pigra, 
Eleocharis acutangula, and Phyllanthus orbiculatus. However, 
these species that occurred in only one of the treatments had 
very low abundance (Tab. S1 in supplementary material). 
In NF the species with highest abundance were Euploca 
filiformis (1,993 seedlings), Richardia grandiflora (1,879), 
Digitaria ciliaris (1,837) and Cyperus haspan (1,570). The 
species with highest abundance in PF were R. grandiflora 
(3,641), E. procumbens (2,374), D. ciliaris (1,615) and C. 
haspan (1,198).

Regarding the effect of flooding in each period, and also 
the temporal variation of this effect, in general, the first 
periods (especially at 30 days) were affected by flooding, 
while in NF the last periods had higher values of abundance 
and richness (Fig. 1; Tab. S2-S7 in supplementary material). 
In the second period (30 days) perennial herbs showed 
the greatest change in richness (z = 4.67, p < 0.001) and 
abundance (z = 6.4, p < 0.001) for PF (Fig. 1A; Table S2 in 
supplementary material) from the first period followed 
by annual herbs (abundance: z = 3.44, p < 0.001; and 
richness: z = 4.218, p < 0.001), also at 30 days (Fig 1B; Tab 
3). Significant flood influences also occurred with perennial 
graminoids, only in the first period (Fig. 1C; Tab S4 in 
supplementary material) and only in the second period 
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Figure 1. Differences in seedling recruitment between treatments for each life form (A, B, C, D, E) and for the entire plant community 
(F) in each period, from the soil seed bank of the Pantanal wetland. Each bar represents a z-value difference in richness (gray bars) 
and abundance (black bars) between treatments. Positive values indicate higher abundance and richness in the post-flooded (PF) 
treatment, and negative values, higher abundance and richness in the non-flooded (NF) treatment. *Significant difference between 
treatments (p<0.05). The figure refers to data of tables S2 to S7 in supplementary material.
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in annual graminoids (Fig. 1D; Tab S5 in supplementary 
material). Woody species were not influenced by flooding 
(Fig. 1E; Tab. S6 in supplementary material). When the 
entire community was analyzed, higher abundance and 
richness for PF in relation to NF occurred only in the second 
period (Fig. 1F; Table S7 in supplementary material).

Some annual species (herbs and graminoids), besides 
being the most abundant in total seedlings, were also notably 
more abundant in PF than in NF (Tab. S1 in supplementary 
material). Flooding notably increased the recruitment of R. 
grandiflora, E. procumbens, P. timoutoides and C. surinamensis, 
mostly in the initial PF periods (Fig. 2).

The effect of temporal variation was detected in both 
treatments (Fig. 3). In NF, richness tended to increase soon 
after the beginning of the experiment, with the highest 
mean value being achieved at 60 days (corresponding to the 
fourth period), and there was no significant reduction until 
the end of the experiment (Fig. 3A). Yet in PF the highest 
mean values occurred in the first periods, with reduction 
in the last periods (Fig. 3B). In NF the abundance followed 
a similar pattern as for richness (Fig. 3C), while in PF the 
highest mean value of abundance occurred in the second 

period, differing significantly from all others. The abundance 
of recruited seedlings reduced progressively after 30 days, 
with the lowest value occurring in the last period (Fig. 
3D), indicating a strong effect of PF in the first periods 
and declining recruitment from the seed bank thereafter.

Discussion

Effect of flooding

Seed bank assays of wetland soils placed in flooded and 
freely drained conditions have provided useful information 
elsewhere (e.g., Middleton 2003), as well as in the few studies 
in the Pantanal (Bao et al. 2014; Oliveira et al. 2015). Our 
results are novel in that they indicate that flooding provides 
favorable conditions for an increase in species richness and 
abundance in seedling recruitment soon after water had 
receded. These findings support the general conception 
that seasonal flooding is essential for the Pantanal (Alho & 
Sabino 2012; Pott & Silva 2015). The fact that the highest 
seedling richness and abundance in PF (post-flooded) 

Figure 2. Total abundance of seedlings of the main annual species recruited from the seed bank in the non-flooded (NF) and post-
flooded (PF) treatments, from soil sampled in the Pantanal wetland.



Effects of flooding and its temporal variation on seedling recruitment
from the soil seed bank of a Neotropical floodplain

Diagramação e XML SciELO Publishing Schema: www.editoraletra1.com.br

565Acta Botanica Brasilica - 30(4): 560-568.  October-December 2016

were in the early periods, and the highest values in NF 
(non-flooded) were in the later periods, suggests that 
flooding in the beginning of the experiment caused high 
recruitment, which decreased progressively the number 
of non-dormant seeds stored in the soil towards the final 
periods. Overall, maintenance of humid soil in NF during 
the entire experiment may have contributed to this result, 
since humid soil over a long period can be fundamental for 
species recruitment (Brock & Rogers 1998; Capon 2007).

Among all life forms, herbs (annual and perennial) 
had the highest richness and abundance in PF, reflecting a 
tendency for these species to respond positively to flooding 
(Capon & Brock 2006; Capon 2007), and highlights the 
importance of the seed bank of such species for post-flood 
recovery of vegetation (Middleton 2003; Hölzel & Otte 
2004; Lu et al. 2010). In addition to herbs, the graminoid 
species also represented an important component of the 
vegetation. Their regeneration from seeds can also increase 
as a result of flooding, plus they can regrow from rhizomes, 
a common trait in wetland Cyperaceae and Poaceae. Thus, 
the higher richness and abundance for herbs and graminoids 

(annual and perennial) in PF indicates that these species 
depend on flooding for their greatest seedling recruitment. 
In our study we can identify some particular annual species 
(herbs and graminoids) with the highest abundance of 
seedlings emerged in PF, indicating that they are the main 
dependents on flooding for recruitment. These include, in 
particular, R. grandiflora, E. procumbens, P. timoutoides and 
C. surinamensis.

Since annual species have short life cycles, extreme 
events make them dependent on seeds accumulated in 
the soil to persist in a community (Milberg & Hansson 
1993). However, some annual species of wetlands under 
predictable flooding events produce transitory seed banks, 
generally during a dispersal season combined with adequate 
conditions for germination (Saatkamp et al. 2014). In the 
southern Pantanal, floods are generally delayed relative to 
the rainy season (Hamilton et al. 1996), so the soil stays wet 
for a greater part of the year. Thus, both strategies, persistent 
and/or transitory seed banks, may be advantageous to 
annual species, since there would be suitable conditions 
for germination throughout most of the year.

Figure 3. Differences in recruitment of seedlings from the soil seed bank in the Pantanal wetland between non-flooded (NF) and 
post-flooded (PF) treatments. Letters indicated significant differences between periods, as calculated by Tukey’s post-hoc test (p<0.05).
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Another factor that can contribute to the greater success 
of annuals is the lower rates of germination and survival 
of perennial species (Parker & Leck 1985). Thus, in the PF 
treatment, the higher richness of annual species (either 
herbs or graminoids), along with their higher abundance of 
seedlings (16,475 herbs and 6,103 graminoids), compared 
with the perennials (2,141 herbs and 5,405 graminoids), 
indicates that annuals are largely responsible for the 
renewal of plant cover soon after a flood, and can therefore 
contribute significantly to seasonal changes in composition 
of the established plant community (Hopfensperger et al. 
2009).

Considering the above interpretation, the absence of 
flooding would drastically reduce seedling recruitment 
of some species, such as R. grandiflora, P. timoutoides, 
E. procumbens, and C. surinamensis, and others with 
recruitment expressively increased by flooding (Fig. 2), 
thereby modifying the dynamics of the system. Although 
some species in floodplains have persistent seeds with the 
strategy of a residual bank (bet hedging strategy; Venable 
1989), seeds that do not germinate due to lack of flooding 
could undergo a much longer dry period, which could hinder 
recruitment even more due to desiccation, physiological 
death, predation, burial, etc. (Baker 1989). Furthermore, 
under long periods without flooding, species with transitory 
seed banks could become locally extinct (Thompson & Grime 
1979; Saatkamp et al. 2014).

In contrast to herbs and graminoids, our results for 
the richness and abundance of woody species indicate that 
flooding is not a determinant factor for their recruitment. 
In fact, their establishment can be suppressed by flooding 
during seed germination or seedling growth (Kozlowski 
1984; 1997). Hence, woody species depend on a lapse in 
seasonal flooding in order to colonize floodable grasslands 
(Wetzel et al. 2001). Considering that long periods of 
drought without inundation (Hamilton et al. 1996), do 
not occur in this southern subregion of the Pantanal, 
except in very dry years, these woody plants are adapted 
to a habitat that is humid throughout most of the year. 
Hence, if the frequency of flooding decreases, and water 
deficit does not occur, woody species tend to encroach (Junk 
& Cunha 2012). So, humid soil for an extended time and the 
absence of flooding can be essential abiotic conditions for 
the successful establishment of woody species. However, 
woody species can be poorly represented in wetland seed 
banks (Middleton 2003).

The concern about woody plants in the Pantanal is due to 
the importance of grassland vs. woodland savanna dynamics 
for purposes of cattle ranching and conservation (Pott & 
Silva 2015). Among the woody species we recorded, only 
Microstachys hispida is considered to be a weed of floodable 
natural grasslands in the Pantanal (Allem & Valls 1987), 
although it is a native plant. This species can be considered 
an indicator of degraded floodable grassland, because it 
spreads in dry years when overgrazing or fire occurs (Pott 

1982, Pott & Pott 1994). Other woody species that are 
considered weeds of floodable grassland, such as Byrsonima 
cydoniifolia, Licania parvifolia and Sphinctanthus microphyllus 
(Allem & Valls 1987), were present in the vegetation, but 
did not emerge from the seed bank. They invade floodable 
grasslands of the Pantanal in years without flooding, or 
when flooding is not intense enough to inhibit their initial 
stages (Junk & Cunha 2012). Nevertheless, some woody 
species are able to establish under flood conditions due to 
their possessing morphological and physiological traits 
that help them withstand flooding to a certain depth, even 
during the seedling phase (e.g., Vochysia divergens, Cunha 
& Junk 2004). When flooding does not reach some areas 
or when it is not sufficient to suppress woody vegetation, 
such shrubs and trees tend to encroach into grasslands, 
while the establishment of herbs can be restricted, resulting 
in modified open landscapes, which has caused drastic 
changes to the physiognomy of the Pantanal (Cunha & 
Junk 2001; Junk & Cunha 2012). Hence, flooding functions 
as a filter of intolerant woody species, mainly during the 
phases of their initial growth (Junk & Cunha 2012), which 
results in species richness and composition reflecting the 
predominance of grasslands and meadows in flood prone 
areas in the Pantanal (Pott & Silva 2015).

Temporal variation

Differences in recruitment among periods in both 
treatments and, moreover, differences in the pattern 
of temporal variation between treatments, with higher 
recruitment at the beginning of the experiment for PF, 
shows that not only can flooding be essential for the quantity 
of recruited seedlings, but it can also act as a trigger for 
an abrupt increase in recruitment. This is supported by 
the fact that, of the entire plant community, 75.5% of 
the seedlings in PF emerged in the first 60 days of the 
experiment, compared with 52.3% in NF over the same 
period. Some annual species had well defined peaks, with 
expressively higher abundance in the beginning of the 
experiment in PF compared with NF (Fig. 2). This result 
indicates that annuals are the main cause of the higher 
initial recruitment in PF.

In general, annual species, both graminoids and 
herbs, have high reproductive investment, producing 
large quantities of seeds (Baldwin & Derico 1999). Many 
of them can sustain a seed bank with each reproductive 
event, thereby maintaining a stable abundance (Capon 
2007). In addition to the strategy of a residual seed bank, 
another factor that can contribute to the success of these 
species, as already been mentioned, is the delay in flooding in 
relation to the rainy season in this southern subregion of the 
Pantanal (Hamilton et al. 1996), which provides favorable 
conditions for these species to germinate during most of 
the year. Species such as Richardia grandiflora, due to their 
fast post-flood emergence (Fig. 2), may be considered initial 
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colonizers (pioneers) (Pott & Pott 1994). Furthermore, R. 
grandiflora may be considered a weed, and reach up to 100% 
of soil cover (Allem & Valls 1987) and hinder germination 
and emergence of other species (FLEPPC 2015).

Nonetheless, besides the aggressive behavior of some 
annual species, the fast and abundant recruitment of annuals 
enhances recolonization of gaps left by flood events, and can 
offer resources to other initial colonizers. Upon completion 
of their reproductive cycle, annual plants die, thereby giving 
room to other species (Reis et al. 2010). Therefore, the fast 
emergence of annual species can favor the entire post-
flood succession (Lortie & Turkington 2008). In conclusion, 
flooding can be seen as structuring phenomenon for 
floodplain vegetation, as it speeds up seasonal recolonization 
of gaps by increasing and accelerating the recruitment of 
herbs and graminoids, particularly annuals.
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