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ABSTRACT: The swamp ecosystem has long been home to buffalo, cows, and other animals. Swamp

consanlon and restoration projects are crucial to preserving plant diversity and guaranteeing the food

supply.

us, this study aimed to evaluate the potential of inorganic fertilizers to promote plant diversityqld

to observe the revegetation of animal waste-derived plant diversity in the swamp during the dry season.

study was conducted from August 2021 to July 2022 in Rambutan Village (-3.123910, 104.937812), Indonesia.
The stimulants used in this research were buffalo manure, NPK fertilizer and Urea fertilizer. The stimulant
solution was onee uniformly applied to the plots during the dry season. Soil pH for all plots was comparatively
constant (4-6) during the research, while water pH varied from 3.7 to 6.5, and water level was 0-83 cm over

8 months. It was found that plots stimulated with manure, NPK, and urea fertilizer resulted in 13, 6, and 3
species, respectively. Hymenachne amplexicandis, Cyperns digitatws, and Saeciolepis intermpta had the highest SDR
values among the species identified in all plots. The yeatly biomass generated by manure, NPK and Urea was
8.97 kg,"mz, 3.01 kg/rnz, and 2.08 kg/rnz, respectively. Stimulants derived from buffalo manure promote

faster growth and greater diversity.

Keywords: native forage grasses; inland marsh; wetlands; extensive livestock farming,

Diversidade e produgio de biomassa de pastagens estimuladas por
fertilizante ecossistema de zonas imidas ribeirinhas na estagio seca

RESUMO: O ecossistema do pantano hi muito que serve de lar para bufalos, vacas e outros animais do
pantano. Para preservar a diversidade vegetal e garantir o fornecimento de ragées, os projetos de conservagio
e restauro de zonas umidas sao cruciais. O estudo foi realizado de agosto de 2021 a julho de 2022 na aldeia
de Rambutan (-3.123910, 104.937812), Indonésia. Os estimulantes utilizados nesta investigacio foram o
estrume de bufala, o fertilizante NPK e a Ureia. Durante a estagdo seca, a solugio estimulante foi aplicada
uniformemente nas parcelas. O pH do solo para todas as parcelas foi comparativamente constante (4-6)
durante o levantamento, enquanto o pH da agua variou de 3,7-6,5 e o nivel da 4gua de 0-83 cm a0 longo de
8 meses. Verificou-se que as parcelas estimuladas com estrume, NPK e adubo de ureia resultaram em 13, 6 ¢
3 espédies, respectivamente. Hymenachne amplexcicanlisn, Cyperas digitotus e Saccialepis inferrpéa apresentaram os
valores mais elevados de SDR entte as espécies identificadas em todas as parcelas. A biomassa anual perada
pelo estrume, NPK e Ureia foi de 8,97 kg/m?, 3,01 kg/m? e 2,08 kg/m?, respectivamente. Os estimulantes

derivados do estrume de bufalo promovem um crescimento mais tipido e uma maior diversidade.
Palavras-chave: ervas forrageiras nativas; pantano intetiot; areas unidas; pecudria extensiva.

1. INTRODUCTION

Wetlands known as swamps provide a special kind of
agroecosystem when water from rivers or lakes overflows,
either oceasionally or contnually, for three to six months out
of the year, at a depth that ranges from 50 to more than 150
cm (ALWL TAPAKRISNANTO, 2017). The water levels
fluctuate according to the seasons, becoming progressively
lower during the dry season and higher or even flooded
during the rainy season.

Since large-scale plantations developed, swamps have
undergone hydrological changes that have altered the pattern

of height and duration of water inundation (MA et al., 2019).

The types and growth of different plants are gready
influenced by the flooding and drying of water in swamp
areas; a limited variety of plants were found in the dry season
(AFRLANI et al., 2023). The changes of flooding duration
from up to six months to only one month in the swamp area
during the rainy season have resulted in the dominance of
Tmperata eylindrica (IKHSAN etal., 2020). The long dry season
is also a factor causing few plants and grass to be able to live
in swamp areas.

Naturally, plant species in swamps remain unchanged
year after year. Swamp environments are home to swamp
buffalo and other cattle because they are abundant with grass
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species like Digitaria sp. and Alternanthera sp. (NAEMAH et
al., 2020). The type and quality of forage prass preatly
influence livestock feed (QUINTERO-ANZUETA et al.,
2021). Thus, the swamp ecosystem becomes a contributor
and supplier of feed for buffalo.

The length and depth of flooding are affected by changes
in land use and climatic change, affecting plant community
species' dominance (ARDIANSYAH etal., 2021; GARSSEN
et al, 2015). Important species in the ecology of farage
grasslands are declining in line with the shift in species
dominance (BARBOSA DA SILVA et al, 2016). For this
reason, maintaining plant diversity and guaranteeing feed
depend heavily on conserving and rehabilitating the swamp
area. Replanting native flora and managing swamp land
sustainably are two initiatives (Badan Penelitian dan
Pengembangan Pertanian, 2014). For swamp vegetation to
continue providing animal feed, technological intervention is
required. There has been research on regrowing native
species in swamp areas (LAMPELA et al,, 2017, WAHYUDI;
TRIYADIL 2019; WIBISONO; DOHONG, 2017). There's
no special method for cultivating native grass in South
Sumatra's swamp areas.

Theoretically, the types and population of grass can be
increased by incorporating organic material from animal
manure into plant cultivaton (LITTLE et al., 2015). Based
on this concept, adding fertilizer from buffalo dung in swamp
land can regrow plants in the swamp. In addition, the
condition of the swamp land, which is poor in nutrients and
dry during the dry season, is thought to be the cause of the
limited ability of grass to grow (FILHO et al, 2020;
MUHAKKA et al., 2020). Through the addition of inorganic
fertilizer, it 1s thought to be able to stimulate the growth of
natural plants and grass that already exist there (SHI et al,
2024).

For this reason, knowledge on the potential of inarganic
fertilizers to promote plant diversity and information on the
revegetation of animal waste-derived plargdiversiry are
essential for reforestation in wetland areas during the dry

SeAson.

2. MATERIAL AND METHODS
2.1. Study Area

The study was conducted in Rambutan Village (-
3.123910, 104.937812), Banyuasin Regency, South Sumatra
Province, Indonesia, from August 2021 to July 2022. The
study area was a buffalo pasture wetland environment on a
shallow swampland. The sample plots were positioned
roughly 10 meters apart, in parallel positions, and about 100
meters from the swamp's edge. The plot size was 4 x 4 meters
and surrounded by 1.2-meter-tall wooden fences.

2.2. Fertilizer stimulant application

Inorganic (NPK and urea fertilizers) and organic
(fertilizer made from buffalo manure) were applied as the
treatment. The dosages of each treatment plot consisted of
12 kg of buffalo manure (10 tons/ha), 24 kg of NPK (200
kg NPK/ha), and 2.4 kg of urea (200 kg Urea/ha). Each
treatment substance was then diluted into 50 liters of water.
The stimulant application was carried out in the afternoon by
equally scattering them on the soil surface. All treatment plots
were also left unwatered and without any additional fertilizers
given. Three different plots were identified by different
names: the Manure Plot, NPK Plot, and Urea Plot.
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2.3. Soil, waterlogging and agroclimate observations

A digital soil pH meter of Hanna H199121 was used to
monitor soil before stimulant application on each plot.
Swamp water pH was also measured with a digital pH meter
of AMTAST KL6022. Water level was also measured directly
in the plats. The measurements were made on the plot every
month. The Meteorology, Climatology, and Geophysics
Agency provided data on regional rainfall and wert days.

94. Data Analysis

The data were analyzed using the Student’s t-test, and the
results were presented in tabulation and histagram form. The
measurement of grass coverage percentage was cartied out 2
and 6 weeks after application. Plant stems or clumps were cut
approximately 5 em above the ground and weighed using a
scale to collect data of each type of plant from each plot. The
samplings were carried out three times: in November 2021,
March 2022, and July 2022.

Ditect observations to identify the existing plant species
and families were made based on Plants of the World Online
(POWO, 2024). From each plot, the biomass was collected
and sorted by type of plant. To obtain the Summed
Dominance Ratio (SDR) value, the frequency and dominance
of plants were determined for each plot (AMARULLAH et
al, 2017). The SDR value indicates the role level of the
species in the sample plot, which is a relative comparison of
the weed type's Importance Value Index (IVI) value. The
stronget the role in the g@hnt community, the higher the SDR
value ranges from 1 ro TO0%.

Number of plots where species found

Sperlesliaquency (B Total number of plots

The coverage area of the species found

Species Dominancy (D) = Total plots area

Relative Frequency (RF) or Relative Dominancy (RD)

ForD

~ Total of F or D from all species * 100%

Eq)nrtant Value Index (IVI) = RF+ RD

i

S d Domi Ratio (SDR) = —— —
T E Y Number of relative variables

3.RESULTS
3.1. Agroclimate, soil pH, and waterlogging in swamp
pasture land

The study's initial four months of rainfall data indicated
that the amount of precipitation was still low, at less than 100
mm/month. However, from August 2021 to July 2022, the
amount of precipitation was already classed as high and was
accompanied by a high number of wet days (Table 1).

One month after the treatment was applied, swamp land
inundation started due to heavy rainfall in the swamp location
and an increase in the Komering River's water level. Early in
September, the swamp land's water level started to rise. It
continued to rise until it reached the first and second peaks
of the inundation in December 2021 and March 2022,
respectively, at 60 and 82 cm, respectively. After that, the
inundation in the lowland swamp land gradually decreased
(Figure 1).

Swamp water pH levels appear to follow a pattern of high
inundation: all treatment plots have higher pH levels in
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response to increased water inundation. The water pH
peaked at 6.5 when the water inundation reached 70 cm,
which occurred in February 2022, regardless of the high
inundation, which was less than 10 cq"igure 2).

All treatment plots had a rise in soil pH correlated with
an increase in water pH, and all treatment plots saw a gradual
reduction in soil pH correlated with a decline in swamp water

level (Figure 3).

Tabela 1. Precipitation and number of wet days at the research
location for one year.

Tabela 1. Precipitagio ¢ nimero de dias chuvosos no local da
pesquisa durante um ano.

Month Year Precipitation (mm)  Wet days (days)
August 0 2
September 15 3
October 2021 76 5
November 68 9
Deeember 242 27
Total 2021 401 46
January 114 25
February 298 22
March 367 18
April 2022 396 24
May 264 20
June 133 19
July 17 16
Total 2022 1589 144
Yearly total 1990 190

Source: Indonesian Mereorological, Climarological and Geophysical Agency
(Analyzed data)

Fonte: Ageéncia Meteorologica, Climaroldgica ¢ Geofisica da Indonésia
(Dados analisados)
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Figure 1. Monthly swamp water level during research periods.
Figura 1. Nivel mensal de digua do pintano durante os periodos de
pesquisa.
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Figure 2. Monthly swamp water pH.

Figura 2. pH mensal da dgua do pintano.

3.2. Grass coverage area under various treatments

It appears that the growth of different grasses was
encouraged more in the first two weeks following the
application of buffalo manure than in the plots treated with
NPK and urea fertilizers. The surface area of the grass-

covered field was approximately 1.5 m*/12 m® when manure
was applied. Still, after six weeks of application, it increased
to 6.5 m?/12 m2, making it wider than the plots treated with
NPK and urea fertilizers (Figure 4).
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Figure 3. Monthly soil pH.
Figura 3. pH mensal do solo.
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Figure 4. The land surface area covered with grass from each
treatment plot in the swampland.

Figura 4. Superficie de terra coberta com grama em cada parcela de
tratamento no pintano.

3.3. Type of grass from each harvest for each treatment

Two species of grass, Hywenachne acutighime and Digitaria
sp., were found in the manure sampling plot; these same
species were also present in the NPK-treated plot (Table 2).

Tabela 2. Types of plants from each plot that grew on the land
before waterlogging.
Tabela 2. Tipos de plantas de cada parcela que cresciam na terra
antes do alagamento.

No Manure NPK Urea
1 Digitaria dliaric DM’{{.WH Cynadun dactylon
- longiflora - -

2 Hymenachne acuitighima

When forage grass was harvested thrice a vear, every four
months, the growing kinds varied. With a warter level of 82
cm, the manure plot had the highest number of grass species,
up to 9, during the second harvest. In the NPK and urea
fertilizer treatments, the Cyperws difformis species emerged
when the water level shrank to just 3 em during the third
harvest (Table 3).

There is a comparatively greater diversity of plant types
(13 species) in the buffalo manure treatment's range (Table
4). Buffaloes graze extensively in the grasslands, and their diet
of seeds pravides a source of diversification. In some plots,
chemical fertilization supports only three to six species. All
plots contain the following species: Saccioipis intervapta, which
has low dominance, followed by Cyperws digitatus and
Hymienachne amplexcicandis, both of which have high dominance.
A complete list of grass types collected is given in Table 5.

Nativa, Sinop, v. 13, n. 2, p. 283-289, 2025.
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Tabela 3. Plant species and water level based on harvest time.
Tabela 3. Espécies de plantas e nivel de dgua em funcio da época de colheita.

Harvest time

Treatment Plots

Water

Manure NPK Urea level (em)
Harvest-1 Digitaria ciliaris; Alternanthera philoxeroides; Digitaria longiflora; Hy /i Sacolepts interuplay
(November 2021) Hymenachne acutigluna aculighinia Cyodon dactylon 10
Total 3 2 2

Harvest-2

Digitaria cifiaris; Heliotrapinm indican; Cyperns
digitatus; Cynadan dactylon; Digitaria dliaris;

Hymenachne acetiphuma;

Saciolepis interupiay

(March 2022) Fbinvdoa cofona; Hymienachne anplexcicandis; Saciolepis inferupla Cynodon dactylon 82
eersia hexandra; S aciolepis interrupla
Total 9 2 2

Harvese-3

Leersia bexandra; Saciolypis interrupta; Ludwigia
actoralvisy Ludwigia adscendensy Oxalts barrelieri;

Hymenachne acutipluma;
Alternantbera philoxeroides;

Sadolepis interupla;

Cynodon dactylon;

(uly 2022) Hedyotis corynrbosa Hedposs m?mbm.ln“ Copers eris difformis 3
- - difforniis -
Total G 4 3
Tabela 4. Plant species in various fertilizer treatment plots in lowland swamps.
Tabela 4. Espécies de plantas em diversas parcelas de tratamento de fertilizantes em pintanos de virzea
No. Species Local name Family Plot
1 2 3
1 Alternanthera philoxcervides Gulma buaya Amaranthaceae + + -
2 Adternanthera sessités Keremah Amaranthaceae + -
3 Heliotrapism: indicin Kumpai tikus Boranginaceae + -
4 Cypems digitatus Rumput Musang Cyperaceac + + +
5 _yoden dactylon Rumput Bahana Gramineae - +
6 Digitaria cifiaris Rumput jari Poaceace + + -
7 Fbinocloa cwlona Rumput Tuton Gramineae + -
] Hynrenachne amplecicantis Kumpai tembaga Poaceace + + +
9 Loeersia hexandra Kalamenta Poaceace + -
10 Sacciolepis interrupta Rumput wuwudan Poaceace + + +
1 Ludwigia octovalvis Cacabean Onagraceace + -
12 Ludwigia adscendens Tapak doro Onagraceace + -
13 Obxcalis barrelieri Calincing, Oxalidaceae + -
14 Hedyatis corymbasa Rumput mutiara Rubiaceae + + -
Totl species 13 [ 3

Tabela 5. Dominant plants based on the lmpnrun:eqalue Index (IVI) and Summed Dominance Ratio (SDR) values of plants from various

fertilizer treatment plots in lowland swamps.

Tabela 5. Plantas dominantes com base nos valores do Indice de Valor de Importineia (IV1) e da Razio de Dominincia Somada (SDR) de
plantas de virias parcelas de tratamento de fertilizantes em pintanos de terras baixas.

. Manure NPK Urea
No Species
VI SDR V1 SDR V1 SDR

1 Albternantbera philoxeroides 11.46 573 1531 7.65 - -

2 Adernanthera sessitis 7.67 383 -

3 Heliotrapinm indicun 9.38 4.69 - - - -

4 Cyperus dgitatis 14.93 747 32.30 1615 51.70 25.85
5 “ynadon dactylon - - - - 30.29 15.14
G Digitaria dilfaris 26.74 1337 35.39 17.70

7 Fichinodoa colonia 8.33 417 - - - -

8 Hynenachne amplecicandis 62.46 3123 69.80 3490 B2.81 4140
9 I eersia hexandra 9.03 4.51 - - - -
10 Sacciolepis interrupta 13.54 6.77 30.62 1531 35.20 17.60
11 Ludwigia octovalvis 833 417 -

12 Ludwigia adscendens 8.06 4.03 -

13 Obxcalis barrelieri 7.67 383 -

14 Hedyatis corynibasa 1242 6.21 16.57 B.29

3.4. Biomass of forage grass in the Lebak swamp land
The t-test showed that all comparisons berween fertilizer
treatments were significantly different. NPK fertilizer and

Nativa, Sinop, v. 13, n. 2, p. 283-289, 2025.

urea fertilizer did not differ significantly at the time of the
first harvest, but they did at the second and third harvests

(Table 6).
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Tabela 6. Fresh biomass weight of various fertilizer treatments
based on t-test.
Tabela 6. Peso de biomassa fresca de virios tratamentos de

fertilizantes com base no teste t.
- :'”‘ Manure NPK Urea
Harvest-1
Manure - 5.37TE-03% 6.7E-03*
NPK - - 545E-03
Urea - - -
Harvest-2
Manure - B.66E-05% 6, TE-04%
NPK - - 1.48E-03*
Urea - - -
Harvest-3
Manure - TIE-03* 5.34E-03*
NPK - - L71E-02%
Uzea - -
yrc‘ = = Significant gk:z) two-tal<0.05); ns = Non significant
owo-ail >0.03).

Significativo grc.) bicandal<0,05); ns = Nio significativo
'<=r) bicaudal=>(,05)

With the highest findings reaching 4.59 kg/m?, the grass
harvest demonstrated that manure significantly impacted
biomass in the swamp's grazing fields. Based on the number
of species found, the manure treatment had more potential
for species with high tolerance and competitive ability. Given
the comparatively smaller species diversity factor, the urea
fertilizer treatment produced the lowest results with only 1.01
kg/m?2 Grass biomass from several fertilizer treatment plots

in the lowland swamp is given in Figure 5.

50

Fresh biomass (kg/m?)
g .
5 b B

©

Harvest 1 Ha.rveslrz-1
oOManure 1,18 4,59 320
BNPK 038 1,63 0,99
BUrea 0,37 1.01 0,71

0.0

Figure 5. Grass biomass from several fertilizer treatment plots in
lowland swamps.

Figura 5. Biomassa de gramineas de diversas parcelas de trammento
de fertilizantes em pantanos de terras baixas.

4. DISCUSSION

The high-water levels significantly impacted soil pH in
each trearment plot. Before puddles formed, the pH of the
soil was found to be influenced by various fertilizer
treatments. Manure, for example, could raise the pH of the
soil to 5.2, which is higher than NPK and urea fertilizers,
which have a pH of less than 4. But while the water level was
high, it tended to return almost exactly to the same plot and
did not vary much when the warter subsided, possibly due to
floods rinsing the water away. Floods alter soil functions by
qllicldy releasing _nutrients, lowering  soil  fertility
(SANCHEZ-RODRIGUEZ et al., 2019).

It is believed that the simulant manure made from
buffalo manure contains a variety of plant seeds, allowing

many to thrive in the first 2 weeks after application. The
availability of native grass seeds is typically restricted, making
it impossible for more grass growth to be stimulated by NPK
and urea fertilizers.

The manure sampling plot may cover the soil surface
more quickly at the beginning of the application due to
differences in the types and numbers of species that grow.
Before the formation of puddles, the sampling plot treated
with urea fertilizer only covered 2.1 m?/12 m? until the sixth
week following application. Apart from seeds preserved in
the soil, feces also disperse seeds, particulatly those that
haven't broken down into manure for seed transmission
(OVEISI et al,, 2021).

Plant growth responses to hydrological circumstances
vary by species. Flooding greatly enhances a species' ability to
expand, but plants not adapted to high water levels will find
their growth restricted. High water levels do not affect all
plant communities; species composition and stem density
define plant biomass. Plant hiomass is also affected by other
abiotic elements like temperature, soil nutrients, and light
intensity. On the other han@PBlevated water levels indirectly
impact soil nutrients (LOU et al., 2016).

The least number of different types of grass is found in
areas treated with urea fernilizer. This is believed to be
because urea is applied by dissolving it in water, which
produces a high concentration of ammonium that kills seed
deposited on the soil's surface (SUNDARAM et al,, 2019).
The sprouts that grow after receiving the stimulant from
Ammonium then die when exposed to the sun's heat.

Digitaria cifiaris (13.37%) and Hymenachne amplexicantis
(31.23%) were the most common manure treatment species.
Since Hymenachie amplexcicanlis is a semi-aquatic annual grass,
it can withstand severe levels of flooding, Then, as a sort of
swamp greenery, the vegetation has a comparatively high
mineral content (MUHAKKA et al, 2019). The most
common species in the NPK fertilizer treatment are
Hymenachve amplexcicantis (34.90%), followed by Hymenachne
amplexcicanlis (41.40%) and Cyperns digitatus (25.85%) in the
urea fertilizer treatment. While Cyperns digitatus is present in
every treatment, Digitaria ciliaris is only found in the manure
and NPK fertilizer treatments. Livestock use grasses and teki
orasses, such as Cyperns digitatus and Digitaria ciliaris, as animal
fodder, wvarying degrees of preference from mildly to
frequently utilized (ERNAWATL NGAWIT, 2015).

Good pastures produce feed consisting of grass (Poaceae)
and legumes (Fabaceae). Legumes were not found in all
fertilizer treatment plots in the lowland swamp. The
proportion of forage sources and productivity as feed protein
sources in both research areas was inadequate. Rainwarer
runoff from the river overflows affects groundwater, causing
phnts to have difficulty absorbing soil nutrient ions.
Solid/ hard and alkaline soil conditions cause very few legume
plants. The lack of legume proportions in grasslands causes
low forage quality, especially during the dry season
(NURJAYA et al,, 2023).

In swamp areas, livestock pastures are characterized by
inundation for several months of the vear, resulting in
flooding followed by dry periods. Depending on the species
' tolerance, different biomass production is caused by flood
patterns, such as the depth and duration of inundation (DAL
etal., 2020). Furthermore, competition plays a significant role
in determining this region's plant distribution and community
structure. As Zhang er al. (2014) stated, specific species’
existence is reliant. Due to more compettion, legumes

Nativa, Sinop, v. 13, n. 2, p. 283-289, 2025.
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comprise a smaller percentage of grazing pastures than weeds
and Gramineae.

Fertilization treat for pastures aims to supply
nutrients; nevertheless, 1t is important to consider the type,
requirements, methods, and application timing. Additionally,
it is crucial to examine the impact of soil and plant
characteristics (MARTA, 2016).

Despite the same comparison across treatments, the third
harvest was marginally lower because the prior harvest
impacted it. LAN et al. (2021} state that flooding's impact on
wetland plant biomass depends on the season, soil nutrient
availability, and inundation period. The gfiod of flooding
has a quadratic relation with the total soil N content, total P
content, and N:P ratio, peaking at about 220 days. So, there
is still potential for a further increase of up to seven months.

A substantial amount of nutrients from sediment and
river runcmjuppc)r( the various species that manure
provides, leading to cutrophication and an increase in
productive species. Species not adequately adapted will die
off, and plant communities will shift toward groups with
many tolerant species (GARSSEN etal., 2015). Ifimproperly
managed, it could harm the species diversity in the swamp
grasslands, lowering the amount and quality of available feed.
Therefore, a thorough understanding of the dynamics of
water levels and species richness management is essential to
optimize the potential of swamp fields as a source of forage
grass. Seasons, grazing frequency, and other human activities
that could impact the revegetation results should also be
considered. Furthermore, long-term research may be
ﬁ]uired to evaluate the viability of revegetation techniques.

e results of this study can provide valuable insights for
ranchers, land managers, and policymakers in managing
grasslands for sustainable forage production. It further
implies the mechanisms for maintaining diversity in swamp
communities.

5. CLUSIONS

ased on the results, it was concluded that: 1) Buffalo
manure stimulant can be used for pasture revegetation
activities. Particularly in plant diversity and biomass
production, it outperformed urea and NPK  fertilizer
stimulants.

Pasture application contributed to a greater variety of
species. The SDR of dominant species found in Manure,
NPK and Utrea fertilizer plots were Hymenachne amplexicantis
(31.23:34.90:41.40), Cyperns digitates (7.47;16.15;25.85) and
Saccivlepis intermpta (6.7T;15.31;17 60), respectively.

There were 13 species identified in the manure
treatment, 6 in the NPK fertilizer treatment, and 3 in the urea
fertilizer treatment.

The inundation pattern in swamp arcas provides a
suitable environment for some species and limits the growth
of others. Inundation during the rainy season brings high
nutrient content from river runoff and sediment, increasing
the abundance of productive species.
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