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Resumen

El carbono orgénico disuelto (COD) desempefia un papel fundamental en el ciclo global del carbono y en la
dinamica biogeoquimica de los ecosistemas acuaticos. En este estudio se aplicé un modelo empirico a imagenes
de vehiculos aéreos no tripulados obtenidas en dos periodos hidroldgicos (aguas bajas en febrero y altas en
diciembre), en aras de evaluar la dindmica estacional del COD en el humedal El Eneal. La prueba de Kruskal-
Wallis revel6 diferencias significativas (p=0.00015) en las concentraciones de COD entre ambos periodos,
confirmando el efecto regulador del nivel hidrico. Los cambios observados en las firmas espectrales sugirieron
variaciones en la composicién molecular del COD, con mayor reflectancia azul en aguas altas. Las reducciones
de hasta 18 % en zonas vegetadas se atribuyeron a procesos de dilucion, retencién y mineralizacion, mientras
que las areas sin vegetaciéon mostraron solo un 2 % de disminucion. Estos resultados destacan el papel del ciclo
hidrolégico en la dindmica de los humedales tropicales.

Palabras clave: carbono organico disuelto, limnologia, vehiculo aéreo no tripulado, humedal tropical, imagenes
RGB, andlisis espectral, métodos estadisticos no lineales
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Seasonal Analysis of Dissolved Organic Carbon in a Tropical Wetland Using UAV Technology
Guzman, W. D., GIrALDO, L. C., VELEzZ, F. V. Y AGUIRRE, N.

Abstract

Dissolved organic carbon (DOC) plays a key role in the global carbon cycle and the biogeochemical dynamics of
aquatic ecosystems. In this study, an empirical model was applied to imagery from unmanned aerial vehicles, which
were acquired during two hydrological periods (low water in February and high water in December), in order to
assess the seasonal dynamics of DOC in El Eneal wetland. The Kruskal-Wallis test revealed significant differences
(p=0.00015) in the DOC concentrations between periods, confirming the regulatory effect of the water level. Shifts
in spectral signatures indicated variations in the molecular composition of DOC, with an increased blue reflectance
observed during the high-water period. Reductions of up to 18% in vegetated zones were attributed to dilution,
retention, and mineralization processes, whereas unvegetated areas exhibited only a 2% decrease. These findings
underscore the influence of the hydrological cycle on DOC dynamics in tropical wetlands.

Keywords: dissolved organic carbon, limnology, unmanned aerial vehicle, tropical wetland, RGB imagery, spectral
analysis, multivariate statistical methods

Resumo

O carbono orgénico dissolvido (COD) desempenha um papel fundamental no ciclo global do carbono e na dinamica
biogeoquimica dos ecossistemas aquaticos. Neste estudo, aplicou-se um modelo empirico a imagens obtidas por
veiculos aéreos fao tripulados em dois periodos hidrolégicos distintos (aguas baixas em fevereiro e dguas altas
em dezembro), visando avaliar a dindmica sazonal do COD no ecossistema alagado El Eneal. O teste de Kruskal-
Wallis revelou diferengas significativas (p=0.00015) nas concentragdes de COD entre os dois periodos, confirmando
o efeito regulador do nivel hidrolégico. Alteragdes nas assinaturas espectrais sugeriram variagdes na composi¢ao
molecular do COD, com maior refletdncia na faixa do azul durante o periodo de 4guas altas. Redugdes de até
18% em areas vegetadas foram atribuidas a processos de diluicdo, retengdo e mineralizacdo, enquanto zonas sem
cobertura vegetal apresentaram apenas uma diminui¢do de 2%. Esses resultados destacam o papel central do ciclo
hidrolégico na dindmica dos ecossistemas alagados tropicais.

Palavras-chaves: carbono organico dissolvido, limnologia, veiculo aéreo néo tripulado, drea dmida tropical, imagens
RGB, andlise espectral, métodos estatisticos multivariados

INTRODUCTION

Dissolved organic carbon (DOC) is a key component of aquatic ecosystems, and it plays essential roles
in the biogeochemical carbon cycle, nutrient bioavailability, and trophic dynamics (Porcal et al., 2009).
However, its presence in inland waters leads to water darkening, disrupts the balance between algal
photosynthesis and respiration, and can limit primary production by attenuating solar radiation (Thrane et
al., 2014; von Einem & Graneli, 2010).

In aquatic systems, DOC primarily originates from the leaching of degraded terrestrial organic matter
into freshwater bodies (Pagano et al., 2014). Additionally, it can be generated in situ through primary
producer activity and the heterotrophic decomposition of plant material (Lenborg et al., 2020).

DOC dynamics in inland waters are influenced by temporal hydrological fluctuations such as
precipitation, changes in water level, and temperature variation, as shown in several studies conducted
in lentic systems across complete seasonal cycles (Sobek et al., 2007; Pagano et al., 2014; Toming et
al., 2020; Zhu et al., 2022; Liu et al., 2023). Despite its sensitivity to environmental changes, in situ
DOC measurement remains costly and labor-intensive, limiting the spatial and temporal resolution of
monitoring efforts.
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In recent years, remote sensing technologies using unmanned aerial vehicles (UAVs) have emerged
as effective tools for estimating water quality-related optical parameters such as chromophoric dissolved
organic matter (CDOM), turbidity, and total suspended solids (TSS). However, their direct application
to DOC estimation remains limited. For instance, a global review reported a sharp increase in studies
employing UAVs for optical monitoring, albeit highlighting a notable scarcity of research focused
specifically on DOC (Pillay et al., 2024). A pioneering study by El Alem et al. (2024), however, successfully
estimated DOC concentrations in inland waters using UAV-based hyperspectral imagery. They identified
six carbon-sensitive spectral bands and achieved R2 values of 0.86 (using UAV data alone) and 0.92 (when
integrating UAVs with satellite observations)—marking a significant advancement in the use of remote
sensing for DOC monitoring.

To date, most of these developments have been applied in temperate ecosystems with a well-
defined seasonality. In contrast, tropical regions such as El Eneal floodplain lagoon (EEFL) remain poorly
characterized in terms of DOC dynamics under complex hydrological regimes. These systems exhibit an
atypical seasonality, with bimodal precipitation patterns and pronounced hydrological fluctuations, whose
influence on DOC has not been thoroughly investigated (Rios et al., 2008, 2009). Despite growing access
to UAV-based tools and spectral modeling techniques, there remains a substantial gap in their application to
tropical seasonal wetlands, particularly those with endorheic conditions and high environmental variability.

These ecosystems play a critical role in carbon storage, hydrological regulation, and biodiversity
maintenance, but they face increasing threats arising from climate change and anthropogenic pressures.
The pronounced hydrological variability of tropical endorheic wetlands may drive nonlinear responses
in DOC concentrations, with important implications for biogeochemical processes and water quality.
However, high-resolution, accessible tools capable of capturing these dynamics in detail are still lacking.
Thus, UAVs equipped with optical sensors offer a promising opportunity to monitor DOC at fine spatial
and temporal scales, providing valuable data to support the management and conservation of these fragile
ecosystems. This growing demand for timely, cost-effective environmental information is the primary
motivation for this study.

Against this backdrop, we ask: how does DOC vary seasonally in the EEFL during high- and low-
water periods, and which environmental factors modulate these variations? We hypothesize that seasonal
water level fluctuations drive DOC dynamics, with lower concentrations during high-water periods due to
dilution processes associated with the endorheic nature of the system.

This study aims to characterize the seasonal variability of DOC in the EEFL using an empirical model
applied to UAV imagery captured during contrasting phases of the hydrological cycle (February and
December 2024). This methodological approach, which integrates high-resolution remote sensing and
advanced spatial analysis, provides essential information to support the long-term preservation and
sustainable management of tropical wetlands.

METHODOLOGY
Study area

This study was conducted in the EEFL, a water body located in the municipality of San Onofre, in the
department of Sucre, in the Colombian Caribbean region (9°31'30" N, 75°34'48" W). This coastal wetland is
part of the wetland complex associated with the Gulf of Morrosquillo and covers approximately 36 ha, with
depths ranging from 0.5 to 2.5 m depending on the hydrological regime (Figure 1) (Rios et al., 2008, 2009).
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El Eneal experiences a tropical climate, with a mean annual temperature of 28 °C and an average annual
rainfall of 1200 mm, distributed in a bimodal pattern with both rainy seasons (May-June and October-
November) and dry seasons (December-April and July-August). The ecosystem is surrounded by vegetation
typical of tropical dry forests and mangroves (Castano, 1999; Mira et al., 2019).
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Figure 1. Study area
Sample collection and analysis

Two sampling campaigns were conducted during the low-water (29 February 2024) and high-water (5
December 2024) periods. In each campaign, water samples were collected to determine the following
parameters: DOC, total dissolved solids (TDS), TSS, turbidity, chlorophyll-a, and water transparency.
Samples were taken from a depth of 10 cm from ten randomly selected sites via the random point function
in ArcGIS Pro. The same sampling sites were maintained across both campaigns in order to ensure results
comparability between hydrological periods.

Turbidity was measured in situ using a previously calibrated Hach 2100Q turbidimeter, while water
transparency was assessed with a 30 cm diameter Secchi disk. Water transparency and TSS were only
measured during the sampling campaign conducted on December 5%, 2024 (high-water period). The
samples for laboratory analysis were preserved in portable coolers at 0-4 °C and transported to the
laboratory within 24 hours of collection.

The laboratory analyses conducted followed standardized protocols: DOC was quantified at the
GDCON Laboratory, while TDS and TSS were analyzed at the Environmental Studies Laboratory (LEA).
Both laboratories followed the guidelines established in the Standard methods for the examination of water
and wastewater (APHA, 2017). Chlorophyll-a was determined at the Sanitary Hydrobiology Laboratory of
Universidad de Antioquia, following the methodology described by Aguirre (2013).

The water levels of the EEFL were measured monthly from February to December 2024, using a
limnimeter located at the lagoon’s dock. Precipitation and temperature data for the same period were
obtained from the DHIME platform (IDEAM), San Onofre station, Sucre, which provides open-access data

(Figure 2).
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Figure 2. Limnimeter installed in the EEFL

Photogrammetric UAV flights

Aerial imagery was acquired through photogrammetric flights using a DJI Phantom 4 Pro V2 UAV, which
was equipped with a 1-inch RGB camera and a 20-megapixel CMOS sensor (Figure 3). Flight missions, at
an altitude of 120 m, were planned using the Pix4D Capture application, yielding a spatial resolution of
3 cm/pixel. Operations were conducted between 11:00 and 13:00 under clear-sky conditions and wind
speeds below 10 m-s7".

The captured images were processed in Agisoft Metashape 10.2 in order to generate orthomosaics,
following the methodology described by Cillero Castro et al. (2020) and Isgré et al. (2022). These
orthomosaics were georeferenced in ArcGIS Pro using ground control points. No atmospheric correction
was applied since short-range remote sensing involves a negligible atmospheric layer between the sensor
and the target surface.

Figure 3. DJI Phantom 4 Pro V2
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Empirical model

The empirical model used to estimate DOC concentrations from RGB imagery captured during UAV flights
was originally developed in the master’s thesis by Guzmdn (2025). This model defines an exponential
relationship between the reflectance values of the red (B1), green (B2), and blue (B3) visible spectral bands
and the field-measured DOC concentrations. Specifically, the model uses the ratio of blue to red reflectance
(B3/B1) as the independent variable (X) and the estimated DOC concentration as the dependent variable
(Y). The mathematical expression of the model is presented below.

Y =14.26¢ %135 (1)

where:
e Y =estimated DOC concentration (mg/L)
e X=ratio of reflectance values from bands B3 (blue) and B1 (red), i.e., X=B3/ B1

Seasonal analysis

The aquatic vegetation within the wetland was initially masked. To this effect, we evaluated two vegetation
indices, i.e., the visible atmospherically resistant index (VARI) and the global leaf index (GLI). We used the
following thresholds: VARI > 0.00 and GLI > 0.00. The index yielding the highest classification accuracy
was selected to generate a binary mask, which was then subtracted from the original raster to obtain
an image representing only the water surface. The mathematical expressions of these indices are shown
below:

GLI (2 x Green — Red — Blue) )
B (2 x Green+ Red + Blue)
VAR] = (Gree - Red) 3)

(Green + Red — Blue)

Following vegetation masking, pixel-by-pixel subtraction was performed between the DOC distribution
rasters for December (high-water period) and February (low-water period). These rasters had been
previously generated by applying the exponential empirical model shown in Equation (1) to the water-only
masked images. This operation was conducted using the Raster Calculator tool in ArcGIS Pro, enabling
the identification of areas where DOC concentrations increased (positive values) or decreased (negative
values) between the two periods.

To identify spatial patterns of variation, the K-means clustering algorithm was applied. This unsupervised
classification method groups pixels into K clusters based on the similarity and proximity of their spatial
characteristics (MacQueen, 1967; Park & Choi, 2022).

Finally, the Kruskal Wallis test, a non-parametric method, was used to statistically validate differences
in DOC concentrations relative to the limnimetric levels of the lagoon. This test is suitable when the
assumption of normality is not met, and it evaluates differences in group medians by ranking the data
(Kruskal & Wallis, 1952; Weaver et al., 2017).
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RESULTS

Table 1 presents the laboratory DOC measurements and the radiometric brightness values captured by
the sensor in different spectral bands. The DOC concentration ranged from 11.45 to 13.31 mg/L across
the two periods, with mean values of 12.77 mg/L in February and 11.80 mg/L in December, indicating a
decrease in the latter. Variability was higher in February (standard deviation: 0.29 mg/L) than in December
(0.25 mg/L).

The TDS decreased markedly from 696.56 mg/L in February to 250.00 mg/L in December. In December,
the mean water transparency, measured with the Secchi disk, was 0.62 m, while the TSS ranged from <
5.00 to 18.00 mg/L. Turbidity also declined between February (6.91 NTU) and December (3.98 NTU).

Moreover, the chlorophyll-a concentrations increased from February (mean: 0.54 pg/L; range: 0.15-1.23
pg/L) to December (mean: 1.44 pg/L; range: 0.60-2.38 pg/L). The spectral band values decreased between
the two periods: the red band dropped from a mean of 132.00 to 33.10, the green band from 125.50 to
35.20, and the blue band from 111.90 to 42.00, with all bands showing greater variability in February.
Regarding the radiometric values captured by the sensor, all spectral bands exhibited a pronounced
decrease between periods, particularly in the red and green bands. While all bands displayed relatively
symmetric distributions, variability was consistently higher in February.

Table 1. Laboratory data and spectral bands (February and December 2024)

€ =l

. &£ % 3 T 2 32 B _ @z 3

E £ S £ 5 2 £ % 8% » %2

8 g2 B & : B G 2 &

) O

February E1 12.64 6919 -- 7.79 -- 0.74 117 109 97
February E2 1293  698.46 -- 6.37 -- 0.3 126 120 106
February E3 12.83  700.92 -- 6.18 -- 0.6 115 108 99
February E4 12.76  699.28 -- 7.67 - 0.6 124 109 93
February E5 1431  694.36 - 6.83 - 0.6 114 110 97
February E6 13.31  699.28 - 6.26 - 1.04 170 176 158
February E7 12.58 693.54 - 7.64 - 0.3 121 111 97
February E8 15.15  697.64 - 7.84 - 0.45 152 153 137
February E9 12.3  700.92 - 6.43 - 0.15 156 153 139
February E10 12.81 701.75 - 6.94 - 0.6 127 118 106
December E1 11.5 256 0.66 4.72 <5.00 2.38 26 28 38
December E2 11.79 250 0.78 3.39 <5.00 1.19 20 22 26
December E3 11.66 243 0.45 4.62 6 1.21 18 21 28
December E4 12.19 246 0.56 3.27 <5.00 1.19 45 45 51
December E5 11.94 257 0.73 3.94 12 1.84 25 26 39
December E6 12.13 246 0.56 4.79 18 1.25 26 31 32
December E7 11.6 253 0.62 3.6 5 2.15 29 30 41
December E8 12 249 0.65 4.35 <5.00 1.19 65 68 70
December E9 11.83 253 0.5 3.68 7 1.23 51 50 61
December E10 11.45 266 0.7 3.39 <5.00 1.19 26 31 34
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The limnimetric profile of the wetland was plotted monthly from February to December 2024, revealing
a pattern consistent with the seasonal variability of precipitation in the study area (Figure 4a). The lowest
water level was recorded in April (1.40 m), while the highest occurred in December (3.10 m). This trend
reflects the region’s bimodal rainfall regime, which includes two wet seasons (May-June and October-
December) alternating with two dry seasons (January-April and July-September). Notably, the wetland’s
water level exhibited a lagged response to regional precipitation: although the highest rainfall occurred in
October, the peak water level (3.10 m) was recorded two months later in December (Figure 4b).

Figure 4. Limnimetric profile from February to December 2024
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To mask the aquatic vegetation prior to DOC analysis in both periods, the GLI was applied. This index
exhibited an effective range between 0.05 and 0.66. In December, greater variability was observed, with
values ranging from 0.00 to 0.70. The VARI was also evaluated, but it showed limitations in February due
to the predominance of yellowish and brown vegetation.

Subsequently, a subtraction between the February and December 2024 DOC rasters revealed an overall
decrease in the DOC concentration during December, as illustrated in Figure 5. The reduction percentages
ranged from 0.38 to 18.88%, with a heterogeneous spatial distribution. The southern sector exhibited the
smallest decrease, whereas the northern sector, characterized by a higher vegetation cover, showed the
largest reduction.

Once the raster of percentage differences in DOC had been obtained, the optimal number of K for
the K-means algorithm was determined. To this effect, the elbow method, a dendrogram, and R v4.4.2’s
NbClust library (R Core Team, 2018) were employed. The latter includes 26 different criteria for determining
the optimal number of clusters. In the elbow method plot, a pronounced change in the decrease of the sum
of squared errors (SSE) was observed between K = 3 and K = 4. The dendrogram analysis revealed a clear
hierarchical structure of two groups when the tree was cut at the fifth stage (Figures 6a and 6b). In contrast,
the NbClust package indicated that ten criteria supported two clusters, six criteria suggested three clusters,
and the remaining criteria recommended more than seven clusters (Figure 6¢).
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Figure 5. DOC differences between February and December 2024
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Figure 6. Cluster number selection criterion

However, when considering the natural structure of the system, segmentation into two groups appeared
to be the most consistent with the characteristics of the area. This system has two clearly distinguishable
zones: one with aquatic vegetation and one without. Therefore, the choice of K = 2 is consistent with both
the system’s natural structure and the results of the clustering tests.

Once the optimal K had been selected, the K-means algorithm (K = 2) was applied, segmenting the
wetland areas according to their percent reduction in DOC. The segmentation results are presented in
Figure 7. The yellow region, mainly encompassing the southern part of the lagoon, exhibited a DOC
decrease ranging from 0.38 to 5.37%. This zone is characterized by the absence of aquatic vegetation.

Conversely, the blue region reported DOC reductions between 5.37 and 18.88%, concentrated in
the northern sector of the wetland. This area is distinguished by a high aquatic vegetation cover and
corresponds to the region with the highest recorded DOC reductions (Figure 7).
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Figure 7. K-means clustering

It should be noted that the two zones did not contain the same number of data points, since the water
surface was substantially larger in the unvegetated area (yellow region) compared to the vegetated one (blue
region). This difference was primarily due to the markedly higher plant biomass observed in December
2024 relative to February 2024. The increased vegetation cover reduced the visible water surface in the
vegetated zone, leading to changes in the areas covered by water. Therefore, during pixel-based operations,
only values corresponding to intersecting water-covered areas were considered, reflecting a smaller extent
of open water in the vegetated regions.

After identifying the seasonal differences in the spatial distribution of DOC via RGB image analysis,
these results were statistically validated with in situ measurements obtained at different limnimetric levels.
Since the data did not meet the assumption of normality, the non-parametric Kruskal-Wallis test was
applied, yielding a p-value of 0.0001571. This allowed rejecting the null hypothesis of equal medians
between DOC concentrations in low- and high-water periods (Figure 8). These results confirm the
statistically significant differences between the two periods, highlighting the influence of the limnimetric
level on DOC concentrations in the wetland system.

Nonparametric group comparison
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Figure 8. Nonparametric median test
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DISCUSSION
Effects of increased water levels on the DOC concentration

Our results demonstrate that the water level is a key regulator of DOC concentration in the EEFL, as
confirmed by the Kruskal-Wallis test (H=15.32, p=0.00015). This relationship operates mainly through
dilution, wherein the increased water volume distributes the same amount of DOC molecules across a
larger volume, lowering the concentration (Sobek et al., 2007). In El Eneal, this effect is particularly evident
due to the absence of external DOM inputs, which is consistent with the patterns observed in the endorheic
lagoons of the Everglades (Harvey & McCormick, 2009). Furthermore, Sobek et al. (2007) observed this
mechanism across more than 7500 lakes, with major water inputs reducing DOC concentrations by up
to 40%, even in the absence of allochthonous sources. In wetlands with higher hydrological connectivity,
however, continuous allochthonous DOC inputs may counteract or mask this dilution effect (Cawley et
al., 2014; Zhu et al., 2022; Toming et al., 2020). In El Eneal, the absence of such external inputs makes the
dilution effect more pronounced. Moreover, increased water levels promote sedimentation by reducing
bottom turbulence, which facilitates flocculation and the deposition of organic particles—a particularly
relevant process in this shallow system without external turbulence-generating flows (Abbott & Anderson,
2009).

RGB image analysis

The seasonal analysis (February-December) of DOC spatial distribution rasters not only corroborates the
statistical findings but also reveals the spatial heterogeneity in concentration reduction. In vegetated areas,
the DOC concentration decreased by up to 18.00%, whereas, in unvegetated areas, it was limited to
2.00%. This contrast reflects distinct mechanisms: in vegetated zones, rising water levels in December
produced direct dilution and simultaneously favored vegetation expansion (Bornette & Puijalon, 2011; Riis
et al., 2012). This expansion increased sediment retention, biofilm development, and microbial activity,
enhancing DOC mineralization (Mitsch & Gosselink, 2015). Additionally, the greater water volume reduced
sediment resuspension, stabilizing the concentrations. In contrast, in unvegetated zones, the limited
2.00% reduction was largely attributable to dilution alone, with no complementary biological processes.
The absence of vegetation increased sediment exposure to wind-driven turbulence, promoting particle
resuspension and DOC release (Schulz et al., 2003; Wosnie et al., 2020). The lack of structural barriers also
reduced particulate retention, while the scarcity of rhizospheric microbial communities limited biological
degradation (Sawant et al., 2023; Zhu et al., 2015). These results reinforce the role of aquatic vegetation
as a critical regulator of DOC dynamics by integrating hydrological, physical, and biological processes.

Changes in the optical properties of DOC

Complementing the Kruskal-Wallis results and RGB image analysis, the spectral signature differences
between low- and high-water periods suggest variations in DOC optical composition driven by hydrological
fluctuations. An inversion pattern was observed: in February, absorption was higher in the blue band, with
elevated reflectance in the red band; in December, the reflectance of the blue band increased, while
absorption was greater in the red band. These trends align with previous studies documenting DOC optical
alterations associated with water volume changes (Anderson et al., 2024; Clark et al., 2020).
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To further support these findings, UAV-derived spectral signatures were compared against those of
satellite sensors such as Sentinel-2 and Planet. Because of differences in sensor characteristics, all values
were normalized prior to comparison. The analysis revealed consistent trends in the spectral responses of
DOC under contrasting hydrological conditions (Figure 9). This consistency supports the interpretation that
spectral variations reflect changes in DOC composition and concentration, rather than artifacts of sensor
technology or spatial scale.
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Figure 9. Water spectral signatures in February and December 2024

These spectral shifts can be primarily explained by dilution effects during high-water periods, which
not only reduce DOC concentrations but also modify optical properties through changes in the molecular
composition of humic compounds. The lower DOC concentration observed in December may have favored
the dominance of more hydrophilic and less chromophoric fractions, explaining the increased reflectance
in the blue band. Similar reductions in absorbance at 254 nm, associated with lower aromaticity and
molecular weight, were reported by Tran et al. (2022) and Mao et al. (2017).

The relevance of these findings is amplified by the low concentrations of chlorophyll-a, TSS, and turbidity
measured in both sampling periods. These constituents often confound spectral signals by scattering and
absorbing light, but the low levels observed minimize their influence. Thus, the observed spectral variations
can be more confidently attributed to dissolved organic matter. This reinforces the hypothesis that changes
in spectral signatures reflect modifications in DOC composition and concentration rather than interference
from other optically active constituents.

Origin of DOC

The endorheic nature of the system, together with the results presented herein, provides strong evidence
that DOC in the EEFL is predominantly autochthonous. The main indicator is the direct and predictable
response of DOC concentrations to increased water levels (H=15.32, p=0.00015). In systems with
significant external inputs, dilution effects are often masked by continuous allochthonous DOC loading,
as documented in river-connected or runoff-driven wetlands (Cawley et al., 2014; Liu et al., 2023; Zhu
et al., 2022). In El Eneal, the clear manifestation of dilution suggests that DOC concentrations primarily
depend on internal production rather than external sources.
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Moreover, the high coverage of aquatic vegetation in El Eneal generates substantial plant material that
subsequently decomposes into the main DOC source. This process is largely driven by microbial activity,
a key factor in autochthonous organic matter production. Studies in comparable endorheic wetlands
(Butturini et al., 2022; Catalan et al., 2013; DeMarty & Prairie, 2009) also reported that, under conditions
of abundant aquatic vegetation and limited runoff, DOC is predominantly of autochthonous origin.

CONCLUSIONS

The seasonal analysis of the EELF reveals that rising water levels significantly influence DOC concentration,
suggesting a dilution effect during high-water periods. Additionally, changes in the optical properties of
water are observed between dry and wet seasons, which is likely linked to molecular variations in DOC
composition, such as the proportion of aromatic compounds. A heterogeneous reduction in DOC is also
observed: areas with aquatic vegetation exhibit greater decreases, attributable to dilution and mineralization
processes, while unvegetated zones maintain higher concentrations, possibly due to particle resuspension
and photochemical effects. Nevertheless, these results are preliminary; further sampling campaigns and
the inclusion of additional environmental variables are recommended to strengthen these conclusions
and improve the understanding of DOC dynamics in the system. Future research should also apply this
approach to other tropical wetlands and explore the use of multispectral sensors to refine predictive models.
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