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ABSTRACT

The objective of this study was to characterize the morphometry and morphology of the
Baiano River watershed, providing essential technical information to assess the viability of
sustainable fish farming initiatives. The watershed was delimited using a Digital Elevation
Model (DEM), with a spatial resolution of 30 meters. The satellite image processing and
calculations of morphometric indicators were performed using the free software QGIS®.
The mapping of the excavated ponds was performed using high-resolution Google Earth
images, using the QuickMapServices plugin. The watershed has a predominantly flat relief,
with a low drainage density, and three hypsometric bands ranging from 220 to 620 meters.
The predominant soil types in the watershed are Red Latosol and Red Nitosol. Most of the
area is occupied by agricultural activities, especially soybean cultivation. In the micro-basin
area, 59 excavated ponds were mapped, totaling 27.76 hectares of water surface. The
micro-basin has the potential for the sustainable development of fish farming, taking into
account its water resources and the morphological and morphometric characteristics
present in the hydrographic micro-basin.

Keywords: Phosphorus. Geotechnology. Nitrogen. Fish farming. Land Use and
Occupation.
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INTRODUCTION

River basins play a fundamental role in environmental balance, being natural units
for planning and managing water resources (Américo-Pinheiro; Benini, 2018). Studies
related to these areas provide crucial information for understanding environmental
dynamics and guiding sustainable land use. In recent decades, river basin analysis has
stood out in research that addresses physical, hydrological, and anthropic aspects as an
indispensable tool for the integrated management of natural resources (Junior; Ferrao,
2018; Castro, 2022).

Among the methods used in the study of river basins, morphometry, and hypsometry
emerge as important approaches (de Salis et al., 2019). Morphometric analysis involves
the evaluation of the physical characteristics of the basin, such as area, perimeter,
drainage density, flow pattern, and shape. For Souza and Cunha (2022), these calculations
are widely used to estimate the hydrological response and susceptibility to erosion
processes. Hypsometry, in turn, provides information on the altimetric distribution of the
relief, enabling the identification of stages of geomorphological evolution and the inference
of environmental degradation processes (Lima, 2008; Rocha, 2022).

Geosciences play a crucial role in assessing the effects of human actions on land
use and occupation, especially in regions of high environmental and economic relevance
(Pereira et al., 2023). In the Brazilian context, changes in land use are often linked to
agricultural expansion and urban growth and pose considerable challenges to the
preservation of water resources (Uelma et al., 2023). In places intended for aquaculture,
such as excavated ponds, careful planning of the infrastructure is essential to ensure the
sustainability of productive activities (Lira et al., 2019; Rios et al., 2024).

Therefore, the objective of this study was to analyze the essential variables for the
environmental and geomorphological characterization of the Baiano River micro-basin, one
of the several sub-basins that make up the Piquiri River basin, the third largest in the state
of Parana in the physical area; it covers 24,731 km? and includes 71 municipalities. In this
context, the technical information in this study has the potential to support the assessment
of the viability of initiatives aimed at sustainable fish farming. The study considered the
interactions between the physical attributes of the environment and the possibility of

aquaculture practices.
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METHODOLOGY
STUDY AREA

The Baiano River micro-basin is located on the north side of the municipality of Assis
Chateaubriand, in the western region of the state of Parana, its exultation is on the right
course of the Piquiri River (Figure 1). The climate is typically humid subtropical

mesothermal, with an annual rainfall of 1,250 to 1,500 mm on average.(Melo et al., 2010a).

Figure 1. Location of the Baiano River basin, a tributary of the Piquiri River, western region of the state of
Parana, Brazil.

66°W 56°W 47°W 38°W 5°00"E
BRASIL

14°540"E

31°8 21°S 12°S  2°S  7°N

13°54°0"N
13954°0"N

I°E 2°E 3°E 3°E 4°E

|z
ESTADO DO PARANA N
z
B
g
2
z
)
g
Assis Chateaubriand
[ Brasil z
] Municipios do Parana ;2 /
[] Bacia do rio Baiano =

Hidrologia do rio Baiano

EPSG: 31982 - SIRGAS 2000 - zona UTM 22 s;
Base cart}gréﬁca; IBGE 2021,

Escala cartografica: |
5°0'0"E 14°54'0"E

Source: prepared by the authors, 2024.

DELIMITATION OF THE BAIANO RIVER MICROBASIN

The delimitation of the Baiano River micro basin was carried out using a Digital
Elevation Model (DEM) image with a spatial resolution of 30 meters. The images were
obtained from the United States Geological Survey (USGS) website (USGS, 2021). The
satellite image processing was done using QGIS® software, version 3.22.1. The correction
of potential errors found in the DEM was performed using the r.fill.dir algorithm. The micro
basin and hydrology delimitation were initially created with coordinates from the Piquiri
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River confluence, with the help of the Geographic Resources Analysis Support System
(GRASS) software, using the r.watershed and r.water.outlet algorithms. The rasters
produced during the delimitation were vectorized using the r.to. Vector algorithm
(Morsoleto et al., 2023).

MORPHOLOGY AND MORPHOMETRY

To perform the morphological calculations and morphometric indices, the attribute
calculator located in the attribute table of the shapefile files was used. The morphological
calculations for the microbasin were: area, perimeter, main river length, and channel

lengths. The morphometric indices are shown in Table 1 (Luiz Junior et al., 2024).

Table 1. Morphometric indices, formulas, descriptions, and reference values used for the Baiano
River micro basin, western Parana, Brazil.

Index Formula Description
Kc — Compaction Kc=0.28*(P/NA) P: Perimeter of the basin (m); A: Area of the basin (m?)
Coefficient
F — Shape Factor F=A/E? A: Area of the basin (m?2); E: Length of the basin's axis
(m)
Ic - Circularity Index lc=(12.57*A)/P? A: Area of the basin (m?2); P: Perimeter of the basin (m)
Dd - Drainage Dd=Lt/(A/1000) Lt: Length of the drainage network (km); A: Area of the
Density basin (km?)
Tc - Concentration = Tc=57*((L/20003)/H)0.385 L: Length of the main riverbed (km); H: Difference in
Time altitude between the highest point and the control
section (m)
Is - Sinuosity Index Is=(100%(L-Lr))/L L: Length of the main river (m); Lr: Length of the main
riverbed (m)
Er - Elongation Er=1.128xVA/E A: Area of the basin (m?); E: Length of the basin's axis
Ratio (m)
Rr - Relative Relief Rv=H/P P: Perimeter of the basin (m); H: Altimetric range (m)

Source: Morsoleto et al., 2023.

MAPPING OF PHYSICAL AND NATURAL RESOURCES

The slope and hypsometry maps of the Baiano River microbasin were created using
the DEM, through QGIS software, version 3.22.14 BIATOWIEZA (QGIS Development
Team, 2021), similar to the work of Macedo et al. (2023) and Werneck et al. (2023a). Land
use and occupation analysis were obtained from the MapBiomas project website, in raster
(GeoTiff) format with a scale of 1:100,000 and a spatial resolution of 30 meters (Brazil,
2019).

The solil type map was developed using the methodology of Francisco et al. (2019)
and Morsoleto et al. (2023). The soil type analysis was based on information from the
Brazilian Agricultural Research Corporation (EMBRAPA) (dos Santos et al., 2018),
presented in vector format at a scale of 1:250,000 (IBGE, 2021).
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The road map was created according to the methodology of Luiz Junior et al. (2024). Road
vectors at a scale of 1:250,000 were obtained from the Brazilian Institute of Geography and
Statistics (IBGE, 2021). The micro basin delimitation was used to clip the roads located

within it.

MAPPING OF EXCAVATED PONDS

Vectorization, classification, and quantification of the excavated ponds located in the
Baiano River watershed were performed using high-resolution Google Earth images,
through the algorithm available in the QuickMapServices plugin of QGIS®, with a scale of
1:600. The classification followed the methodologies described by Francisco et al. (2019)
and Morsoleto et al. (2024).

ESTIMATION OF TOTAL NITROGEN AND TOTAL PHOSPHORUS INPUT

The estimates of Total Nitrogen (TN) and Total Phosphorus (TP) residuals in the
environment and volumes incorporated as effluents from the cultivation were calculated
based on Coldebella et al. (2020). The estimates considered the cultivation area and
biomass of the mapped ponds. The average stocking density considered was 5 kg fish/m2
of water surface. Table 2 indicates the reference values for the calculations of Nitrogen and

Phosphorus in their respective classes and production phases (Coldebella et al., 2020).

Table 2. Reference values for estimates of Total Nitrogen and Total Phosphorus input, according to
pond class, during cultivation (9 months) and harvesting.

Class Size (m?) Reference values | Cultivation Harvesting
I 300 - 3000 Nitrogen (kg/ha) 2,047.70 54.59
Phosphorus (kg/ha) 261.91 16.47
Il 3,001 - 6,000 Nitrogen (kg/ha) 1,951.05 120.49
Phosphorus (kg/ha) 197.30 26.11
11 > 6,000 Nitrogen (kg/ha) 2,055.85 81.56
Phosphorus (kg/ha) 260.99 12.18

Source: adapted from Coldebella, 2020.

RESULTS AND DISCUSSION
MORPHOLOGY AND MORPHOMETRY

The Baiano River micro basin occupies an area of 68.62 km?, with a main river length
of 67.75 km. The geomorphological analysis indicates that the main channel has low
sinuosity, being classified as linear according to the sinuosity classification (Christofoletti,
1980), which ranges from “very straight” to “very sinuous”. The micro basin is characterized

by fourth-order rivers, according to the fluvial classification hierarchy system, which
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considers the connection and integration of smaller tributaries to define the complexity of
the drainage network (Pelech, 2021). Geologically, the basin is entirely located in basic
volcanic rocks from the Serra Geral Formation (Scherer; Lavina, 2006).

Table 3 shows the morphometric indices of the Baiano River micro basin. The Compaction
Coefficient (Kc) greater than 1 suggests an elongated and irregular shape, resulting in
reduced efficiency in concentrating water flows. These data are corroborated by the
Circularity Index (Is) of 0.19, and the Shape Factor (F) of less than 0.5, confirming the
elongated characteristic of the basin, which reduces the risk of immediate flooding. Similar
values were observed by Macedo et al. (2023) in micro basins with an elongated shape
and low flooding risk, thus considered an area with a tendency for conservation.

The drainage density (0.76) indicates a low-density drainage network, with a concentration-
time of 4 hours and 49 minutes to disperse water from the rainfall event to its mouth. This
interval is considered long, especially given the small area of the micro basin; however, it is

considered acceptable due to the low altimetric variation, as evidenced in Table 3.

Table 3. Morphometric indices of the Baiano River watershed, a tributary of the Piquiri River, western
Parané state, Brazil.
Morphometric Indices = Results = Morphometric Indices = Results

Kc 2.290 Tc 4h 49 min
F 0.21 Is 27.48
Ic 0.19 Er 0.513
Dd 0.76 Rv 0.003

Source: created by the authors, 2024.

Figure 2 illustrates the slope map of the Baiano River micro basin. The micro basin
predominantly has a flat relief, with very gentle slopes of less than 3%. This
geomorphological configuration results in an area with minimal altimetric variation, giving
the relief a homogeneous nature. The Tatui River micro basin, located in the municipality of
Terra Roxa/PR, also presents a predominance of flat slope, where most of its area varies
between 0 and 2% (Bonzanini et al., 2022). These conditions are favorable for the
establishment of excavated ponds due to the ease of excavation and controlled surface
runoff. The micro basin also presents a slightly undulating relief, where slopes do not
exceed 8%. The relief is shaped by hills and small spurs with gently flattened tops, and
valleys predominantly in a “V” shape (Melo et al., 2010b). This favors diversified uses, from

agricultural activities to efficient water management.
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Figure 2. Slope of the Baiano River basin, a tributary of the Piquiri River, western Parana state, Brazil.
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Source: prepared by the authors, 2024.

The micro basin area presented 3 hypsometric bands that vary from 220 meters to
620 meters (Figure 3). The first hypsometric band (220 - 320 m) in altitude occupies an
area of 1,494.59 ha, corresponding to 21.78%. The band from 320 to 520 m in altitude

occupies an area of 5,198.97 ha, corresponding to 75.76% of the total area of the micro
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basin, while the band from 520 to 620 m occupies an area of 168.65 ha, corresponding to
2.46%.

Figure 3. Hypsometry of the Baiano River basin, a tributary of the Piquiri River, western Parana state, Brazil.
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Figure 4 shows the soil types of the Baiano River basin, where the Red Latosol
predominates, with 4,128.97 ha (61%), characterized by its clayey texture. Next is the Red
Nitosol with 2,640.23 ha (39%), which also has a clayey texture, but with a higher
concentration of nutrients compared to the Latosol. On the east side of the municipality of
Assis Chateaubriand is the Azul River, where the same type of soil occurs, characterized
by high permeability and smooth, flat relief surfaces, typical of areas with less slope,

evidencing good drainage. (Souza; Barsi, 2024).
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Figure 4. Soil type of the Baiano River basin, a tributary of the Piquiri River, western Parana state, Brazil.
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Most of the area of the Baiano River micro basin is predominantly occupied by
temporary agricultural activities, with an emphasis on soybean cultivation, as illustrated in
Figure 5. Forestry and coffee cultivation stand out due to the favorable climatic and
topographic conditions. Another relevant land use in the micro basin is forest formation,
concentrated mainly in Permanent Preservation Areas (APPs). The expansion of
agriculture in Parana, covering the Piquiri basin, from the middle of the 20th century
onwards, caused a drastic reduction and fragmentation of native vegetation (Rocha; Bade,
2018; Silva et al., 2022). According to the Department of Rural Economy, soybean
production in the municipality of Assis Chateaubriand, in 2020, was 263,181 tons (Parana,
2021). The municipalities of Parana that grew in irrigated areas, such as Assis
Chateaubriand, saw a 99% increase in the area allocated to agriculture between 2006 and
2017 (Ferrarini, 2022, 2022).

REVISTA ARACE, S3o José dos Pinhais, v.7, n.1, p-1430-1445, 2025

1438




Revista N

ISSN: 2358-2472

Figure 5. Land use and occupation of the Baiano River basin, a tributary of the Piquiri River, western Parana
state, Brazil.
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Source: prepared by the authors, 2024.

MAPPING OF EXCAVATED PONDS

A total of 59 excavated ponds were identified, covering 27.76 hectares of mapped
water surface, as shown in Figure 6. The most frequent class among the ponds was Class
I, small-sized ponds. Regarding the water surface area, the predominant class was lll,

large-sized ponds, as described in Table 4.
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Table 4. Excavated ponds in the Baiano River watershed, a tributary of the Piquiri River, western

Class Size (m?

ﬁ

Parand state, Brazil.
Average (m2) Number of Units Unit (%) Area (ha) Area (%)

I 300 — 3,000 1,539 22 37.29 3.38 12.17

Il 3,001 -6,000 4,430 20 33.90 8.86 31.92

1 >6,000 9,132 17 28.81 15.52 55.91
Total 59 100 27.76 100

Source:; created by the authors, 2024.

Similarly, the ponds mapped in the Guagu Creek sub-basin are small-sized

(67.68%) (Werneck et al., 2024). Class | fish farming is associated with the presence of

small producers, which leads to the fact that small family properties are very common in

the region (Werneck et al. 2023b). The excavated ponds in the Acu River microbasin are

concentrated near the banks, with uneven distribution. This arrangement reduces the self-

purification capacity of the water bodies (Luiz Junior et al., 2024).

Figure 6. Geographic location of excavated nurseries and roads in the Baiano River basin, a tributary of the

Piquiri River, western Parana state, Brazil.
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ESTIMATE OF TOTAL NITROGEN AND TOTAL PHOSPHORUS INPUT

The estimated results for the input of Total Nitrogen and Total Phosphorus, during the
rearing and harvesting periods, show that the class Ill ponds (Table 5) were responsible for
the majority of the nutrient input. The N/P ratio calculated for the rearing period as 8/1 and
the harvesting ratio of 5/1 is considered low. These low ratios can cause eutrophication of
the water body and may lead to the proliferation of algae from the cyanobacteria family,
since the growth of phytoplankton depends on the availability of nitrogen, providing growth
of nitrogen-fixing species (Vidal; Capelo Neto, 2013).

Table 5. Estimates for the contribution of Total Nitrogen (N) and Total Phosphorus (P) in the Baiano River sub-

basin, during cultivation and fishing. Considering an average stocking density of 5 kg of fish per m? of water
surface and the total area of water surface.

Biomassa Area Criagao Despesca
Classe
(ton./ha) (ha) N (ton.) P(ton.) | N (ton.) P (ton.)
I 169 3,38 6,92 0,88 0,18 0,05
I 443 8,86 17,29 1,75 1,07 0,23
111 776 15,52 31,91 4,05 1,27 0,19
Total 1.388 27,76 56,12 6,68 2,52 0,47

Source: prepared by the authors, 2024.

The introduction of Nitrogen and Phosphorus into water bodies may become limiting
elements, and may stimulate eutrophication of the environment, due to greater primary

production (Macedo; Sipauba-Tavares, 2010).

CONCLUSION

The micro basin presents favorable conditions for the development of aquaculture
activities, especially due to the availability of areas with suitable topography for the
construction of nurseries and access to water resources. The use of technology tools
allowed the preparation of maps of physical and natural resources, as well as the
characterization of the hydrology and morphometry of the Baiano River micro basin.
Therefore, the visual data (maps) and indicators for the Baiano River micro basin fulfill the
objective of characterizing the micro basin to prepare data that allow the sustainable use of
the physical and natural resources of the micro basin for the socioeconomic development
of the municipalities that comprise it.
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