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Abstract

Wetlands in the Vietnam Mekong Delta (VMD) have experienced signif-
icant reduction and fragmentation since the economic reforms of 1986. This
study analyzes land use/land cover (LULC) changes impacting wetland cover
between 1990 and 2022 using Landsat imagery within the VMD floodplain,
with a particular focus on Dong Thap Province. Landscape metrics were em-
ployed to quantify wetland loss and fragmentation. Results indicate that by
2022, approximately 80% of wetlands had been converted to other LULC types,
predominantly for rice cultivation. Analysis of landscape metrics, including the
number of patches, patch area, core area, and edge characteristics, reveals in-
creased fragmentation, with smaller and more isolated patches replacing larger,
contiguous wetlands over the past three decades. Key drivers of this fragmenta-
tion include population growth, land reclamation, agricultural expansion, and
shifts in farming systems. Given the escalating impacts of climate change, these
findings provide essential insights for land use planning and the development
of wetland conservation strategies in the Dong Thap Province, the VMD.

Key words: remote sensing, GIS, land management, wetland loss, land
use/land cover change, landscape fragmentation

Introduction. Wetlands are considered among the most productive ecosys-
tems worldwide, providing a wide array of ecosystem services (ES) such as flood
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control, shoreline stabilization, groundwater recharge, nutrient maintenance, wa-
ter filtration, biodiversity conservation, climate regulation, and food supply [1].
Despite these benefits, wetlands are one of the most intensively converted land
cover types on a global scale [2].

The largest area of wetlands in Vietnam is found in the Mekong Delta (VMD),
and these wetlands are classified into two types: inland and coastal. Before the
economic reforms (Doi Moi) in 1986, seasonally flooded grasslands and Melaleuca
forests dominated the inland wetlands of the floodplains in the VMD [3,4]. Dong
Thap Province is one of the key regions with extensive seasonal wetlands and
Melaleuca forests [5]. However, due to the need to expand and intensify agri-
cultural production, especially rice cultivation and aquaculture, alongside eco-
nomic reform policies, migration, and the development of new economic zones,
the natural wetland areas in the VMD and in Dong Thap have significantly de-
creased [3,4,6]. Additionally, population growth and urban expansion have led
to an increase in built-up areas in the region [4]. Together with the expansion
of agricultural land, these factors have been key drivers of wetland loss in Dong
Thap [4,7].

Beyond the loss of area, wetlands in this region have experienced signifi-
cant fragmentation due to land use and land cover (LULC) conversions, as well
as changes in the local environment [8|. Fragmentation reduces the ecological
functions of wetlands, thereby weakening the diverse ES they provide [1|. There-
fore, monitoring changes in wetlands and their fragmentation is crucial to support
decision-making aimed at sustainable wetland use and conservation.

Due to the inaccessibility of many wetland areas, field surveys often require
substantial time and financial resources. Thus, remote sensing techniques that use
multi-temporal satellite imagery (with extensive geographic coverage) offer an op-
timal method for comprehensively investigating wetland changes. To supplement
and update data on wetlands in the VMD, this study focuses on analysing wetland
loss in Dong Thap Province from 1990 to 2022 using Landsat imagery. Based on
this analysis, the study uses various landscape metrics to assess wetland fragmen-
tation across three levels: area patterns, edge patterns, and landscape patterns.
The results of this study will provide a foundational database and scientific basis
to support the conservation of the remaining wetland landscapes in Dong Thap
Province and the VMD as a whole.

Methodology. Study area. Dong Thap is a province in the Mekong Delta
region, with a total area of 338 384 hectares. Its northern and north-western bor-
ders are adjacent to Cambodia (Fig. 1). The Tien River — one of the two main
branches of the Mekong River, flows through Dong Thap for 132 kilometres, di-
viding the province into two major regions. The northern area of the Tien River is
part of the Plain of Reeds, characterized by flat terrain. The southern area, situ-
ated between the Tien and Hau Rivers (Bassac River), has a basin-like topography
and is frequently flooded during the annual flood season. Dong Thap’s climate
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Fig. 1. Map of the location of the study area — Dong Thap Province (bottom-left corner), and
(a) Wetland 1990, (b) Wetland 2022, and (c) Wetland loss in the period 1990-2022

is tropical monsoon with two distinct seasons: the dry season (from December
to April) and the rainy season (from May to November). The average annual
temperature is 27 °C, with high humidity (above 80%) and abundant sunshine,
especially during the dry season. Annual rainfall averages around 1500 mm. The
province’s soils are mainly classified into four types: Acrisol, Cambisol, Fluvisol,
and Gleysol [9]. The rich water resources from the Tien and Hau Rivers, com-
bined with favourable climatic and soil conditions, support intensive agricultural
development (particularly rice cultivation, flowers, ornamental plants, and fruit
trees) as well as aquaculture in the region.
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Table 1

Specification of Landsat images used in this study

Path/ Acquisition date

Row (y/m/d)

5TM LT05 L1TP_ 125053 19900103 125/053  1990/01/03  USGS
LCO8 _L1TP_ 125053 20190308 20190324 01 T1 125/053 2019/03/08

8 OLI LCO08 L1TP 125053 20200223 20200822 02 T1 125/053 2020/02/23  USGS
LC08 L1TP 125053 20220228 20220309 02 T1 125/053  2022/02/28

Landsat Image name Source

Land use/land cover (LULC) data and wetland data for the study
area. The wetland data in this study was obtained through three main steps.
First, LULC data for 1990 and 2019 were derived from the findings of NGUYEN
et al. [4] and updated for 2022 based on the administrative boundaries of Dong
Thap Province. Details on the LULC maps are available in Nguyen et al. [4],
where LULC data for the entire VMD was classified using Landsat 5 TM (1990)
and Landsat 8 OLI (2019, 2020-2022-updated) images (see Table 1), with overall
accuracy (OA) of 90% and 95%, respectively [4]. Next, to align with the study’s
objectives, the Dong Thap LULC was extracted from the broader LULC dataset
and reclassified into five types: (1) agricultural land, (2) wetlands, (3) orchards
and perennial crops, (4) built-up land, and (5) open water. Finally, from the
updated LULC maps, a simplified classification was created that included only
two categories: wetlands and non-wetlands (including agricultural land, orchards
and perennial crops, built-up land, and open water). This classification enabled
tracking changes and fragmentation of wetland areas from 1990 to 2022.

Landscape ecology metrics analysis. Landscape ecology metrics were
employed at the landscape and class level to quantify and characterize the frag-
mentation of wetlands in the study area from 1990 to 2022. These metrics were
calculated based on MCGARIGAL et al. [10], and MCGARIGAL and MARKs [11],
with detailed metric descriptions provided in Table 2. The calculations were con-
ducted using the Vector-based Landscape Analysis Tools Extension (V-LATE 2.0)
in ArcGIS® (version 10.8) [12].

Results and discussion. Wetland changes from 1990 to 2022. A
visual examination reveals that nearly one-fifth of the study area was covered by
wetlands in 1990 (Fig. 1a). However, the wetland area experienced a significant
decline from 1990 to 2022 (Fig. 1b). The spatial distribution of wetland areas that
have been lost/converted in the study area is clearly shown in Fig. 1c. The data
indicates a substantial loss of wetland areas over the 32-year period from 1990
to 2022, with an 81.59% reduction, translating to a loss of 54533 hectares. In
contrast, rapid expansion in non-wetland areas (agricultural land, orchards and
perennial crops, and built-up areas) was observed in the study area. Overall, non-
wetland areas increased by the same amount (54 533 hectares) during this period,
reflecting a 20.07% increase (Fig. 2).
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Table 2

Description of Landscape ecology metrics used for evaluating wetland fragments in Dong Thap
Province (Sources: McGarigal et al. [10], McGarigal and Marks [11])

Metric

Description

NP (Number of Patches)
CA (Class Area)

MPS (Mean Patch Size)
MSI (Mean Shape Index)

MPAR (Mean Perimeter-
Area Ratio)

MFRACT (Mean value of
Fractal Dimension)

ED (Edge Density)

TE (Total Edge)

MPE (Mean Patch Edge)

Total number of wetland patches.

Wetland class area, representing the sum of areas (m?) for all
wetland patches of the respective type.

Average size of each wetland patch type.

Mean Shape Index, calculated as the total length of the edge (or
perimeter) of a class divided by the minimum possible length of
class edge (or perimeter) for a maximally aggregated class. MSI >
1, and MSI = 1 when patches are circular (polygons) or square
(grids).

Average ratio of perimeter to area, indicating the “edge” density
for a landscape or class.

Mean fractal dimension, reflecting patch shape complexity. The
fractal dimension approaches 1 for simple shapes and 2 for more
complex shapes. A value greater than 1 for a two-dimensional
landscape indicates increasing complexity.

Edge density (m/ha), defined as the total edge length divided by
total area within a class, enabling comparison across differently
sized landscapes.

Sum of edge lengths (m) for all edge segments involving the cor-
responding patch type.

The average edge length of patches.
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Fig. 2. Wetlands vs. Non-wetlands in 1990 and 2022

The results of this study align with trends observed in other studies on wet-
land reduction in the VMD [4,13] and Plain of Reeds [5,7]. Previous studies have
identified the conversion of seasonally flooded grasslands, forested wetlands, and
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Table 3

Landscape ecology metrics for wetland fragments in Dong Thap Province for 1990 and 2022

Area NP CA (ha) MPS (ha)
patterns |_1990_| 2022 1990 2022 1990 | 2022
13818 | 9964 | 6662236 | 12217.47 | 4.82 | 1.22
Fdge ED (m/ha) TE (m) MPE
Wetlands | 0 [ 1990 [ 2022 1990 2022 1990 | 2022
87.56 | 184.57 | 5833280.4 | 2255033.93 | 422.15 | 226.32
Landscape MSI MPAR MFRACT
Datterns |_1990_| 2022 1990 2022 1990 | 2022
1.275 | 1.222 0.115 0.121 1.402 | 1.406

other wetland areas into agricultural land and aquaculture as major threats to
the inland wetland ecosystem of the VMD |[5,6,13,14].

Landscape metrics for wetland fragments over thirty years. Area
patterns. The reduction in the number of wetland patches (NP), total area of
wetlands (CA), and average size of wetland patches (MPS) suggests an overall de-
cline in the complexity and fragmentation of wetland areas in Dong Thap Province
(Table 3). Over the 30-year period from 1990 to 2022, the NP decreased by approx-
imately 27.89%. The decrease in the number of wetland-patches indicates that
smaller patches might have merged, or some patches were completely lost due to
LULC changes, mainly agricultural expansion in the study area [5|. Furthermore,
a dramatic decrease of approximately 81.66% in the CA was observed in the study
area. The substantial reduction in the CA points to a significant loss of wetland
ecosystems in Dong Thap Province. Such a reduction in CA could have severe im-
plications for biodiversity, water regulation, and local livelihoods that depend on
wetlands [15,16]. Similarly, the MPS decreased by 74.5%. Alarmingly decreased
values of MPS reflect an increasing fragmentation of wetlands, with larger patches
being broken down into smaller, more isolated fragments. This fragmentation can
lead to habitat degradation and reduced ecological connectivity, which are critical
for the survival of many wetland-dependent species [8,15,16].

Edge patterns. Edge patterns in landscape metrics are essential for un-
derstanding the ecological dynamics of fragmented habitats [17,18|. In wetlands
and forest, edges can influence factors such as biodiversity, hydrology, and habitat
quality [19]. In Dong Thap Province, ED increased by approximately 110%, from
87.56 m/ha (1990) to 184.57 m/ha (2022) over the 32-year period (Table 3). The
significant increase in ED indicates that the wetland patches have become more
fragmented, with more edges per unit area. Such an increase often results when
larger patches are broken down into smaller, more numerous patches, increasing
the amount of edge relative to the area. This result reflects decades of agricul-
tural expansion policies, particularly land reclamation efforts in the Plain of Reeds
area [3]|. During these reclamation campaigns, numerous canals were constructed
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to reduce the acidity of acid sulphate soils in wetlands, enabling an expansion
of rice cultivation [3]. As a result, many wetland areas were converted into rice
fields [5] leaving the remaining wetlands reduced in area and more fragmented.

In the meanwhile, the TE has decreased substantially over the period, drop-
ping to less than half its original value — from 5833 280.4 m (1990) to 2255 033.93 m
(2022). This reduction suggests that many of the edges in the wetland landscape
have disappeared, likely due to the merging or complete loss of smaller wetland
fragments. This trend aligns with the increase in ED, as it points to an overall
decline in patch abundance but an increase in perimeter density per patch unit.
Similarly, the period from 1990 to 2022 witnessed a decline of more than 46% in
MPE (from 422.15 m in 1990 to 226.32 m in 2022), indicating that the remaining
patches tend to be smaller and simpler in shape. This could reflect a simplification
of the wetland landscape, where larger, more irregular patches have been lost or
have become more regular in shape.

Landscape patterns. In this study, the MSI, MPAR, and MFRACT metrics
were used to assess the complexity of wetland patches in the landscape over a 32-
year period. Table 3 shows a decrease of approximately 4.16% of MSI. This change
suggests that the wetland patches have become more compact and regular in shape
over time. This could indicate a loss of the irregular, natural edges typically found
in less disturbed landscapes [15], mostly due to LULC changes in the area [4,7].
In the opposite direction, we recorded an increase 5.2% in the MPAR index from
0.115 (1990) to 0.121 (2022). The increase in the MPAR indicates that the wetland
patches have become more elongated or fragmented. The last metric, MFRACT,
only recorded a slight increase of approximately 0.3% for the period 1990-2022.
This insignificant increase suggests a marginal rise in the complexity of the shapes
of wetland patches in recent years.

Conclusion. This study highlights significant wetland loss and fragmenta-
tion in Dong Thap Province in the Vietnamese Mekong Delta floodplain from
1990 to 2022. Wetland area decreased by 81.59%, largely converted to agricul-
tural and built-up land, reflecting pressures from land reclamation, agricultural
and urban expansion. Landscape metrics reveal increased fragmentation, with
smaller, more isolated patches replacing larger wetlands, reducing habitat quality
and ecological connectivity. These findings underscore the urgent need for sus-
tainable land use and conservation efforts to protect remaining wetlands, which
are crucial for biodiversity and ecosystem resilience in Dong Thap Province and
the VMD, particularly under the pressures of climate change. This analysis pro-
vides a foundation for informed decision-making to protect the inland wetland
ecosystems in the study area.
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