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Abstract: The soil seed bankis the primary source of regeneration in wetlands and has different assessment
methods that vary according to the objective of the study. We evaluated the seed bank composition using
three methods: seedlings emergence (EME), seedlings emergence with submersion trays in water (SUB)
and screening and counting seeds (COU), and finally, we evaluated the applicability of COU to assess
seed predation. The abundance and species richness were evaluated for two years at the end of the flood
and dry seasons, in the Brazilian Pantanal. The abundance and species richness differed significantly
between methods and seasons. The COU method showed the highestrichness (84) and abundance (95.023)
followed by EME and SUB. The SUB method reflected only the aquatic community. In the flood season,
EME and COU methods showed similar species composition. There were no differences between COU
and EME + SUB. The main advantage of COU method was the possibility to assess the seed predation, and
we detected that Croton trinitatis had 32% of predated seeds. We consider that wetland ecosystems can
be sampled by both methods COU and EME + SUB; however, the complete method that can be used for
different purposes is COU, also, must be considered the infrastructure and objective of each study.
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INTRODUCTION

et al. 2019). Therefore, the presence and absence
of many species are conditioned to the ability to
tolerate the environmental conditions through
the replenishment of the seed bank (Greulich et al.

The seed bank is considered the primary source of
regeneration for different ecosystems in wetlands,

duethehighseed turnover (Bell & Clark 2004, Brock
2011). Wetlands that are characterized by extreme
seasonal events, such as the Brazilian Pantanal,
have many species dependent on the seed bank to
remaininthesoilinlongperiods offlood or drought
(Souza et al. 2016, Bao et al. 2017). In this context,
the regeneration mechanisms and seasonal
floods are essential in the role of structuring the
spatial and temporal species distribution (Daniel

2019).

In wetlands ecosystems, different life forms
interactover theyear, through theinputand output
of aquatic and amphibious plants between the
seed bank and vegetation during the flood season,
and terrestrial plants during the dry season (Bao
et al. 2017). The presence of different life forms
over the year can lead to numerous difficulties to
evaluate seed banks in wetlands (Leck & Simpson



1987), mainly due to the presence of many seeds of
annual plants in the persistent seed banks (Brock
et al. 2003). Monitoring and controlling annual
plants require more sampling effort (Baskin et
al. 2019), especially, because they are small and
disperse readily, germinating throughout the year
(Sanou et al. 2019). In terms of soil sampling and
collection, as well as species identification, there
is a clear need to address different assessment
methods of the plant community (Jarman et al.
1991).

The two conventional seed bank assessment
methods are seedlings emergence and seeds
screening (by washing and sieving the soil and
seeds counting) (Bonis et al. 1995). Both have
advantages and disadvantages that we will
describe here in detail. Some general points have
already been described by other authors, such as,
the seedlings emergence method has the main
advantage allowing species identification, but it
does not reveal all species present in the soil, due
to seed dormancy (Thompson et al. 1997, Boedeltje
et al. 2002, Bonis et al. 1995, Capon 2007). Also,
for wetlands it is required to flood part of the
soil samples to evaluate the aquatic community
(Brock 1994, Holzel & Otte 2001, Bao et al. 2017).
The biggest disadvantage of the seeds screening
method is that it does not show seeds viability
(Bonmis et al. 1995). However, no study has made
specific approaches and suggestions about how
and why to apply each method.

Another critical point is the lack of information
about seed banks assessment methods regarding
the number of predated seeds, not allowing
to understand the dynamics of native plant
populations and predator control (Solbreck &
Knape 2017). Consistent seed loss by predation
has a potential impact on plant abundance,
distribution, competition, life cycle traits and
or other adaptations (e.g Harper 1977, Crawley
2000). One option would be through the seed bank
assessment methods, as in studies of arboreal
plants, where the topsoil seeds are separated and
counted (Harper 1977). However, for herbaceous
plants, that exhibit small seeds it is not easy, an
alternative would be the seeds screening method.

The seed bank is the primary regeneration
mechanism in wetlands, therefore, understanding
the functionality of each assessment method is
important to choose the best way to sample an
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aquatic environment. We compared three seed
bank assessment methods: seedlings emergence
in greenhouse (EME), seedlings emergence under
submersion (SUB), and seeds screening and
counting (COU), in a seasonal grassland in the
Brazilian Pantanal. Our main objective was to
evaluatethecapacityofeachmethodinquantifying
the seed banks abundance and speciesrichness, as
well as to discuss the applicability of each method
in a seasonal wetland, and evaluate the possibility
to estimate herbaceous seed predation using the
seed screening method (COU).

MATERIAL AND METHODS

Study area

The study was carried out in the subregion of
Abobral, Pantanal, Mato Grosso do Sul (Central-
west, Brazil; 19°29°27.3” S; 57°01’55.9” W, Figure
Sla). The grasslands are flooded annually during
the summer (between April and August) (Silva &
Abdon 1998), with pluvial and fluvial fluctuations,
with maximum (7.34 m) and minimum level (2.37
m) of the Miranda river (data collected at Base de
Estudos do Pantanal - BEP,between 2005 and 2015).
Due to long periods of flooding, part of the native
grasslands was partially replaced by cultivated
species, as the exotic Urochloa humidicola
(Rendle) Morrone & Zuloaga (Poaceae). This grass
is tolerant to flooding but has high invasion value
(Bao et al. 2015) and it is being object of study for
native species control and maintenance (Bao et al.
2014, 2018, 2020).

We conducted samplings on the flood and dry
hydrophases of the Pantanal: two at the end of the
dry period (September) and two at the end of the
flood period (July; Figure S1b). We took the samples
in eight seasonal ponds, with 1 km between
them. The Brazilian Pantanal is composed by
several seasonal ponds (Pott & Silva 2015), which
present variation in the vegetation structure (Bao
et al. 2015). To achieve higher amplitude of seeds
capture, we collected soil samples along three
contour lines (i.e. transects), representing relative
elevation differences of low, mid, and high (Figure
Slc). We established three transects that were
marked during the flood season, following the
water level, one located in the lowest zone, in the
middle of the pond = low (ca. 60 cm deep), one at
the pond edge =mid (ca.30 cm deep) and onein the
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higher zone, on the external part = high (ca. 1 cm
deep) (e.g. Bao et al. 2018). In each area (seasonal
pond), we collected soil samples randomly (using
a table of random numbers from 1 to 50 m) (e.g.
Bao et al. 2014, 2015, 2017).

Seed bank assessment methods

In each transect, we sampled five random
replicates, and we took three soil samples, with
20x20cm (Figure S2a-b) and 3cm deep (Figure
S2c) each. We chose this size to increase precision
in estimating species richness in the seed bank
(Bao et al. 2014, Butler & Chazdon 1998). The
samples were stored in plastic bags (Figure
S§2d) and transported to the greenhouse. We
used three methods to evaluate the seed bank:
Method I — Seedlings emergence from drained
soil in a greenhouse (EME); Method II - Seedlings
emergence with soil submersion in water (SUB);
Method III - Seeds screening and counting (COU).
For each method, we collected the same amount of
soil, 120 samples each, totalling 360 soil samples.

Method 1 Seedlings emergence in the
greenhouse (EME) - the soil samples were spread in
plastic trays (30cm x 30cm x 10cm; Figure S3), over
2 cm layer of sterilized washed sand under ambient
temperature, the seedlings emerged were counted,
identified, and removed to avoid competition to
new seedlings (Thompson et al. 1997).

Method II: Seedlings emergence under
submersion (SUB) - was determined by spreading
soil samples in plastic trays (30 cm x 30 cm x 10 cm)
and then submerged in tanks under 90 cm of water
(simulating flood) for three months (filamentous
algae were removed when necessary) (Figure S4).

Method III: Seeds screening and counting
(COU) - was applied to determinate the number of
viable seeds in the soil by manual seeds counting.
For this, soil samples were washed through a
set of sieves with three mash sizes (0.25 mm,
0.35 mm and 0.50 mm) to trap seeds of distinct
sizes (Bonis et al. 1995, Mcfarland & Shafer 2011),
and determined the total number of seeds in
the sediment (Simpson et al. 1989). The retained
seeds were preserved in alcohol 50 %. In the
laboratory, we counted and identified the seeds
under stereoscopic microscope (Figure S5). In this
method, it was evaluated whether it is possible to
find predated seeds through marks or damage on
the tegument.
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Species identification was made by comparison
with specimens in the Herbarium CGMS, of
Universidade Federal de Mato Grosso do Sul
(UFMS), consulting specialized books (e.g. Pott
& Pott 1994, Pott & Pott 2000, Kissmann & Groth
1992, 1995, 1997), identification manuals (e.g.
Kaul 1978, Groth 1983, Kaul 1985, Gil & Bove 2006,
Souza & Giulietti 2014), and consulting specialists
on plants of the Pantanal. Species were presented
according to APG IV- Angiosperm Phylogeny
Group (2016).

Statistical analysis

First, we built species accumulation curves to
assess the potential of three seed bank sampling
methods: seedlings emergence (EME), seedlings
emergence under submersion (SUB) and seeds
screening and counting (COU), as well as evalu-
ated richness and abundance between the flood
and dry seasons. Then, to evaluate the efficiency
of the methods regarding seed bank species rich-
ness and abundance during the flood and dry
seasons, we constructed species accumulation
curves for each season. The species richness and
abundance data fit into a Poisson distribution.
Analysis of variance (Two-Way ANOVA) was used
to test the effect of seasons (flood and dry) and
methods (EME, SUB and COU) on species rich-
ness and abundance and, between methods and
seasons interaction. One-Way ANOVA was used
to test the efficiency of the EME+SUB methods
together, disregarding the effect of seasonality.
All analyses were performed in R environment
(R Core Team 2020), using vegan (Oksanen et al.
2017), permute (Simpson 2016), lattice (Deepayan
2008) and BiodiversityR (Kindt & Coe 2005) pack-
ages.

RESULTS

Species accumulation curves generated from
the plot data suggested that most species in the
community were sampled. Therewasasignificant
interaction between predicting
species richness (Figure 1); it was meanly in
EME (Figure 1a) and SUB (Figure 1b), especially
in COU method (Figure 1c). Season interacted
with methods and influenced species richness.
Such result is relevant since it gives support to
the importance of the assessment seed banks

season for
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Figure 1. Sample-based species accumulation curves in flood and dry season in a
seasonally flooded grassland area in the Pantanal wetland (Central-West Brazil) for
(a) emergence method (EME), (b) submerged (SUB) and (c) direct seed counting
(COU).
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methods in both seasons: dry and flood, showing
a curve well-adjusted to the sampling effort.

Species richness and abundance in different
methods of seed bank evaluation

We recorded 117 species in the seed bank methods
(60% annualsand40 % perennials). Individually, 80
species were sampled in the seedlings emergence
method (EME) and, 19 species were exclusive in
EME; 19 species were sampled in submerged (SUB)
and 84 species in seeds counting (COU), where
28 were exclusive in COU. However, 16 species
remained unidentified in the latter. Overall, most
species were Poaceae (18 species), followed by
Cyperaceae (15), Asteraceae (8), Plantaginaceae
(7), Alismataceae, Euphorbiaceae and Fabaceae (6
each), and Rubiaceae and Malvaceae (5). Together,
these represented over 63 % of the species found
in all methods (Table S1). In general, The COU
method showed the highest abundance (95.023)
followed by EME (64.285) and SUB (19.705).

The abundance and richness between methods
and seasons differed significantly (Table 1). The
dry season showed less species abundance (+
106.07) and richness (+ 11.61) in EME than COU,
that showed higher abundance (+ 162.19) and
richness (+ 19.24), differing significantly in both
variables, of abundance (F,, = 234.32, p < 0.001,
Figure 2a) and richness (F,, = 153.27, p < 0.001,

4.25

Figure 2b). Regarding the data from the flood

season, EME and COU did not differ in terms of
abundance (F, = 237.33, p=0.891, Figure 2a) and
richness (F, ,.=123.34, p=0.128, Figure 2b).

The SUB method, as expected, reflected only
the aquatic community, and differed significantly
from the other methods in abundance (Figure 2a)
and richness (Figure 2b). Thirteen species that
are essentially aquatic were not sampled in the
EME method. The SUB and EME methods shared
the amphibious species Bacopa australis, B.
myriophylloides, B. salzmannii, Eleocharis minima,
Helanthium tenellum and Rotala ramosior. The
COU method, on the other hand, presented all
species that were found in SUB.

Considering the EME + SUB complementary
methods, there was an increase in richness (x
21.14) and abundance (+ 179.11). They did not differ
from the COU method in richness (F, .= 13.70, p
= 0.039, Table 1) and abundance (F,,.=19.94, p =
0.045, Table 1) in both seasons.

4.25

Evaluation of seed predation in the counting
method (COU)

Among 84 species found in seeds counting
method (COU), predation was possible to verifyin
only one specie, Croton trinitatis, that presented
the largest size in the seed bank (+ 4.1 mm length
x 3 mm width). C. trinitatis was one of the ten
species that had the highest abundance (1225
seeds) and represented 2.3 % of the seed bank

Table 1. Analysis of variance of the abundance and average seedling/seed richness between the seasons
(flood and dry) and methods (EME, SUB and COU), in seasonally flooded grasslands in Pantanal wetland

(Central West Brazil).
Response variable Source of variation Df Fvalue pvalue
Season 1 169.70  <0.001
. . Methods 2 247.45  <0.001
Seedling/seeds richness
Season*Methods 2 37.22  <0.001
Residuals 1434
Two-Way ANOVA
Season 1 17.64 <0.001
. Methods 2 173.57 <0.001
Seedling/seeds abundance
Season*Methods 2 8.33 <0.001
Residuals 1434
Seedling richness Methods 2 13.70 0.039
(COU x SUB + EME) Residuals 717
One-Way ANOVA .
Seedling abundance Methods 2 19.94 0.045
(COU x SUB + EME) Residuals 717
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Figure 2. Analysis of variance (ANOVA) of species regarding (a) abundance of seeds and (b) species richness,
between seed bank evaluation methods (EME, SUB, COU) in two seasons (dry (D) and flood (F)), in the

Pantanal wetland (Central-West Brazil).

in COU (Table S1), and of these, 32 % presented
predation.

DISCUSSION

Species richness and abundance in different
methods of seed bank evaluation

The seed bank reflects most of the species
that are present in the established vegetation,
however many aquatic plants (e.g Limnocharis
flava, Hydrocleys parviflora), are not sampled in
vegetation studies due to the difficulty of sampling
when the field is flooded (Bao et al. 2015). This
can be seen in our study, where we found high
richness (117 species) within the seed bank. In
general, the seed banks assessment methods
showed high species richness and abundance,
the highest percentage of annual species (60 %)
is characteristic of seasonal wetlands around the
world (Oliveiraeral.2015,Souzaetal. 2016, Anthony
2019, Guan et al. 2019). The annual species quickly
show germination and reproduction in both
seasons, and high seeds amount in their fruits
(Farnsworth & Bazzaz 1995), those characteristics
increased the abundance in the seed bank.

We observed that some amphibious species,
e.g., Bacopa australis, Eleocharis minima, Ludwigia
octovalvis and Rotala ramosior were found in

all methods and both seasons. Some perennial
species from the families Poaceae, Fabaceae and
Cyperaceae can remain in the environment owing
to the sprout banks and vegetative propagation
(Combroux et al. 2002), some species may lose their
aerial parts during the flood season but regrow
during the dry season (Bao et al. 2020). However,
in temporary wetlands, most aquatic plants such
as Alismataceae remain in the environment due to
the deposit of seeds in the soil (Tuckett et al. 2010),
within the three monthsthattheflood occursthese
aquatic species lose seeds (germination) and store
seeds in the seed bank again (reproduction and
dispersion) (Souza et al. 2016, Bao et al. 2018). In
this regard, it is noticeable that the maintenance
of several species of temporary wetlands depends
on the efficiency of the seed banks to germinate.
Individually, the COU method revealed
greater abundance and richness, mainly due to
the genuinely aquatic species, which we did not
record in EME in the dry season. COU is the only
method that shows all the floristic composition
and, can be used in temporary and permanent
wetlands (e.g. Greulich et al. 2019, Yang 2020).
Perhaps the worst difficulty and disadvantage of
this method is the lack of comprehensive database
with seed images for species comparison and
identification, so the researchers spend time with
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screening and identification. In contrast, the EME
method has the advantage of identification which
is easier through comparisons with specimens
from botanical collections or with plants collected
in the field, and specialists, or wait for doubtful
seedlings to grow. It is the most used method by
researchers in different wetlands (e.g. Bao et al.
2014, Hazelton et al. 2018, Kohagura et al. 2020).

We detected an interaction between
seasonality and, methods COU and EME. The
flood season increased similarity between COU
and EME in abundance and richness, possibly due
to the seed rains of many aquatic plants (Bornette
& Puijalon 2009), as well as the highest transport
of seeds by hydrochory from neighbouring
areas (Baldwin et al. 2001). Furthermore, the
intrinsic characteristics of species adaptation
to the aquatic environment can promote the
germination of some macrophytes even at low
water levels in the soil (Brewer & Parker 1990), this
is another advantage of EME method. However,
when the richness and abundance of the EME and
SUB methods was estimated together, we found
potential to reflect the same species composition
as COU. Although EME and SUB are considered to
illustrate only alive plants that germinate under
ideal environmental conditions, the specific
issues of the total seed bank composition can
be elucidated only with the COU method (Brock
1994). Our results emphasize that EME + SUB
methods together reflected the same composition
as COU, and these findings can assist researchers
when there is little knowledge about seeds and
species present in the environment.

The SUB method individually requires more
infrastructure for the storage of tanks and daily
care with the accumulation of algae that limit the
entry of light. However, the best advantage is to
reveal the aquatic community without having to
be in the field during flood periods (van der Valk
& Davis 1978). The SUB method can be considered
complementary, because does not represent the
entire plant composition of temporary wetlands.
However, many studies have already applied
the method for different purposes in Brazilian
wetlands (e.g. Oliveira et al. 2015, Souza et al. 2016,
Bao et al. 2018) and around the world (e.g., Brock
1994, Bernhardt et al. 2008, Boedeltje et al. 2002).
Thus, we considered that the advantages and
disadvantages of the methods are more attributed

Oecol. Aust. 25(1): 22-33, 2021

to the goal of the study and the evaluation work
of each method than to the results that reflect
species richness and abundance in temporary
wetlands (Table 2).

Evaluation of seed predation in the counting
method (COU)

It is not easy to assess predation within the seed
bank, as it is difficult to detect what can be a
mark of predation or what can be a tegument
injury. However, in seeds of Croton trinitatis, the
predation was evident due to the pattern found
in all seeds that presented the mark. In this case,
the seed size may have been a determining factor
in seed bank predation, as already reported (e.g.
Thompson et al. 1977), C. trinitatis showed the
largest and the most abundant seed found, which
may lead to increased predation (Boutin et al.
2006). The COU method not only served to count
the number of predated seeds but also brought the
total abundance of C. trinitatis in the seed bank,
which can assist in population studies. Also, many
insects that were present in the soil could be sieved
and separated; thus, a possible list of predators
could be obtained in future studies.

The mechanisms underlying species diversity
maintenance are complex to understand due
to the variety of the species characteristics (e.g.
life cycle (perennial or annual) and life forms
(aquatic, amphibious and terrestrials). The seed
bank assessment methods aid in communities
and population ecology studies, especially in
wetlands that have difficult access during the
flood season. The SUB method is effective for
revealing the macrophytes that exist in the field.
The richness and abundance of the community
and, seasonality promote the reproductive
success of a large species group (well distributed
in aquatic, amphibious and terrestrial species).
Notably, this wetland is species-rich community,
the composition of the EME and COU methods
was close, especially in flood season. Thus, all
combination methods: COU and EME and/or
EME + SUB showed enough results to reflect the
species composition of this wetland. However,
we consider that COU is the most complete of the
three methods, besides reflecting the total species
composition in the vegetation, covering all life
cycles and life forms it also aids the predation
assessment within the seed bank.
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Supplementary Material:

Table S1. List of species sampled in the soil seed
bank (values of total abundance per specie), clas-
sified regarding life cycle (annual - A and perennial
plants - P), growth forms (aquatic - Aq, amphibious
— Am and terrestrial - T) and, methods (EME, SUB
and COU), in the sub-region Abobral in the Pan-
tanal wetland, MS, Brazil.



Figure S1. Seasonally flooded grassland in the Pan-
tanal wetland (Central-West Brazil). (a) Sampling
points including eight seasonal ponds (P1, P2, P3
and P4 in grassland dominated by Urochloa hu-
midicola, and P5, P6, P7 and P8 in native grass-
land), (b) representation of the transects following
the topographic levels (low, mid and high) in each
sampled pond, with five random samples, (c) mean
monthly level of the Miranda River, arrows showing
the sampled seasonal periods (post-dry and post-
flood), between the years 2005-2015.

Figure S2. Collection process at Fazenda Sao Bento
in the Abobral subregion, Pantanal, MS, Brazil. (a)
Sample delimited by 20 x 20 cm (b) Soil collected
with the aid of a shovel, (c) Seed bank soil 3cm deep,
(d) Soil stored in a plastic bag to be transported.

Figure S3. Method I: seedling emergence in a
greenhouse (EME) (a-g) trays arranged, (h) seed-
ling emergence, (i) Leguminosae seedling and (j)
Pontederia subovata seedling.

Figure S4. Method II: seedling emergence with
submersion of 30 cm of water (SUB) (a) Tanks con-
taining trays with soil, (b) trays with seedling emer-
gence, (¢) Nymphaea gardneriana Planch. (d) Sagi-
ttaria guayanensis Kunth (e) Heteranthera limosa
(Sw.) Willd. (f) Limnocharis flava (L.) Buchenau.

Figure S5. Method III: Seed counting (COU) (a), (b)
Sieves used for soil washing in mesh sizes 0.50, 0.35
and 0.25 mm. (c), (d) Seeds in pots with 70 % alco-
hol. (e), (f) Plate used for screening, counting and
identification with the aid of a stereoscopic micro-
scope.
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