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ARTICLE INFO ABSTRACT

Avrticle History: The characteristics of different mangrove habitats possess varying water
Received: June 3, 2025 conditions. This study aimed to analyze the ecological characteristics of
Accepted: Aug. 7,2025  mangroves and the challenges in mangrove rehabilitation in the Sei Carang
Online: Aug. 25, 2025 waters of Tanjungpinang City. The research was conducted on December 4,
2024, at an observation site located within the mangrove ecosystem in the
estuarine waters of Sei Carang, Tanjungpinang City. The tools and materials

QZ%W%T;;COS stem used in this study included a GPS, compass, thermometer, pH meter,
Ecolggical Y ' handheld refractometer, DO meter, and writing instruments. The research

findings indicate that the ecological characteristics of the mangrove
ecosystem in the Sei Carang estuarine waters are favorable for the existing
mangrove vegetation, as evidenced by the alignment of the measured
parameters with optimal conditions. Furthermore, the challenges faced in
mangrove restoration in Sei Carang, Tanjungpinang City, include
insufficient monitoring, unclear institutional responsibilities for mangrove
management, and natural factors.

Rehabilitation

INTRODUCTION

Mangrove plants are unique because they exhibit characteristics of both terrestrial
and marine vegetation (Zalessa et al., 2025). Generally, mangroves have a distinctive
root system called pneumatophores, which are specialized aerial roots. This root system
is an adaptation to oxygen-deficient or even anaerobic soil conditions. The mangrove
ecosystem is a type of aquatic ecosystem that thrives on muddy substrates influenced by
tidal seawater and freshwater flowing from river estuaries. According to Wailisa et al. in
the study of Sreeparvathi et al. (2024), mangrove ecosystems are critical for coastal
areas due to their role in protecting these regions by attenuating high waves, tsunamis,
strong winds, and saltwater intrusion. Additionally, mangrove ecosystems serve as
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spawning grounds, nursery grounds, and feeding grounds for aquatic organisms (Liles et
al., 2021; Nhon et al., 2024; Song et al., 2024)

The roles and functions of mangrove ecosystems may diminish or even disappear
when the ecosystem is damaged (Safitri et al., 2020; Kasim, 2021; Elumalai et al.,
2024; Ibrahim et al., 2024; Vora et al., 2024). According to the Indonesian Ministry of
Environment Decree No. 201 of 2004, one of the standard criteria for assessing mangrove
damage is mangrove density or coverage. Damaged or degraded mangrove ecosystems
can negatively impact water quality (Breckwoldt et al., 2016; Kim et al., 2018; Kasim,
2021; Mishra et al., 2023; Song et al., 2024). A decline in water quality will, in turn,
affect all components within the mangrove ecosystem. Akamaking et al. in the study of
Neres et al. (2024) also noted that coastal water conditions significantly influence the
productivity and functionality of coastal ecosystems. Poedjirahajoe et al. in Qin et al.
(2014) emphasized that habitat quality is a crucial factor supporting the growth,
development, rehabilitation success, and management of mangrove ecosystems.
Poedjirahajoe et al. in Qin et al. (2014) stated that habitat quality influences mangrove
growth, as indicated by their density. Changes in habitat water quality factors, such as
pH, temperature, dissolved oxygen (DO), and salinity, can impact mangrove vegetation.
Mangrove species capable of adapting to altered habitat conditions may dominate the
mangrove area, potentially displacing less adaptable species (Giffin et al., 2021; Guo et
al., 2024; Triyanti et al., 2024).

Over the past two decades, mangrove ecosystems have experienced a drastic
decline in quality. Currently, remaining mangroves are often found as small communities
around river estuaries, typically 10-100 meters thick, dominated by Avicennia marina,
Rhizophora mucronata, and Sonneratia caseolaris, each with unique benefits. For
example, Avicennia trees are known for their ability to accumulate heavy metal pollutants
in their leaves, roots, and stems, thus serving as natural filters to reduce marine pollution.
They also provide economic benefits, such as timber, and act as protective buffers for
terrestrial and marine ecosystems (Mahmudi et al., 2021; Rendon et al., 2022; Veloso-
Junior et al., 2023; Carvajal-Oses et al., 2024). Mangrove vegetation consists of trees
and shrubs belonging to eight families and 12 genera of flowering plants, including
Avicennia, Sonneratia, Rhizophora, Bruguiera, Ceriops, Xylocarpus, Lumnitzera,
Laguncularia, Aegiceras, Aegialitis, Scyphiphora, and Conocarpus (Brown et al., 2023;
Carpenter et al., 2024; Corona-Salto et al., 2024). Mangrove ecosystems, typically
dominated by Rhizophora, Avicennia, Sonneratia, and Bruguiera, have unique
adaptations that enable them to thrive in acidic, anoxic, waterlogged, saline, unstable, and
tidally influenced muddy substrates (Susiana, 2015).

Mangrove plants adapt to low oxygen levels in aquatic environments through
distinctive root systems, such as stilt roots, buttress roots, and knee roots. Stilt roots
spread extensively on the substrate surface and feature pneumatophores—pencil-shaped
roots that grow vertically above the substrate to absorb oxygen from the air, as seen in
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Avicennia spp., Xylocarpus, and Sonneratia spp. Unlike stilt roots, buttress roots emerge
from tree trunks and penetrate the substrate surface, lacking pneumatophores but
containing lenticels—tiny pores facilitating air exchange and oxygen absorption, as found
in Rhizophora spp. Mangrove forests are habitats for diverse wildlife, including fruit bats,
monkeys, proboscis monkeys, monitor lizards, crocodiles, snakes, frogs, herons, sea
eagles, and more (Numbere & Aigberua, 2022; Rahmat et al., 2025). Mangrove forest
destruction has various impacts, such as increased saltwater intrusion into inland areas.
Converting mangrove forests into aquaculture zones can lead to prolonged waterlogging,
creating breeding grounds for mosquitoes and consequently increasing malaria cases
among nearby communities. Mangrove forests provide several ecological functions,
including producing large quantities of detritus from fallen leaves, twigs, flowers, and
fruits. Some of this detritus serves as food for detritus-feeding macrobenthos, while the
rest is decomposed by bacteria into nutrients that enhance water fertility.

Tanjungpinang City, located in the Riau Islands, has a mangrove ecosystem
covering approximately 1,300 hectares, of which 100 hectares have been damaged due to
logging and land reclamation for settlements and industries. The converted mangrove
areas have caused flooding in several parts of Tanjungpinang City. The local government
has initiated conservation efforts to preserve the remaining mangrove forests to maintain
their existence and ecological benefits. The mangrove ecosystem in Tanjungpinang is a
designated natural conservation area, particularly in Sei Carang. The estuarine waters of
Sei Carang are influenced by tidal seawater. The mangrove ecosystem acts as a buffer,
protecting against flooding and shielding the coast from waves and currents (Ci et al.,
2023; Hagger et al., 2024; Vora et al., 2024; Yulma et al., 2025). Mangrove ecosystem
degradation in Sei Carang began with bauxite mining activities in 2018. The area now
features natural mangrove vegetation, post-mining zones, and degraded mangrove
vegetation due to logging activities. This study aimed to analyze the ecological
characteristics of mangroves and the challenges in mangrove rehabilitation in the Seli
Carang waters of Tanjungpinang City.

MATERIALS AND METHODS

This research was conducted on December 4, 2024, within the mangrove ecosystem
located in the estuarine waters of Sei Carang, Tanjungpinang City, Riau Islands Province,
Indonesia (Fig. 1). The site is characterized by a dynamic coastal interface influenced by
tidal fluctuations, riverine input, and urban development. The mangrove area represents a
transitional zone subjected to both natural and anthropogenic pressures, making it a
suitable case study for examining mangrove ecosystem dynamics and management
challenges.

To ensure comprehensive data collection, the following tools and instruments were
utilized:
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a. Global Positioning System (GPS): to record the exact coordinates of each sampling
point, enabling spatial mapping of ecological patterns;

b. Compass: to determine transect orientation in relation to tidal and river flow
directions;

c. Digital thermometer: for measuring both ambient and surface water temperature;

d. Portable pH meter: to assess water acidity, which influences mangrove growth and
nutrient cycling;

e. Handheld refractometer: for measuring salinity, a key abiotic factor affecting species
zonation in mangrove ecosystems;

f. Dissolved Oxygen (DO) meter: to evaluate oxygen levels in the water, essential for
aquatic life and microbial processes;

g. Field notebook, data sheets, and writing instruments: for manual recording of
observational and numerical data during fieldwork.

To analyze the mangrove community structure, a stratified random sampling
approach was applied using line transect and quadrat methods:

a. Three line transects were established perpendicular to the shoreline, extending from
the water edge to the landward zone, with each transect spaced approximately 50
meters apart to capture spatial variability.

b. Along each transect, quadrats measuring 10 m x 10m were placed at 25-meter
intervals. Within each quadrat, all mangrove trees were identified to species level
using standard taxonomic keys.
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Fig. 1. The location of research

RESULTS

Overview of mangroves in Sei Carang

The estuarine waters of Sei Carang are surrounded by mangrove vegetation,
primarily along the outer boundaries where the mangroves meet the estuarine waters.
Sonneratia sp. and Avicennia sp. dominate the open areas, while Bruguiera sp.,
Rhizophora sp., and Xylocarphus sp. are found in the central zones. The mangroves in the
Sei Carang estuary have experienced significant degradation due to bauxite mining
activities and the exploitation of mangroves for land conversion. Transforming mangrove
ecosystems into aquaculture areas has increased waterlogging periods, providing
breeding grounds for mosquito populations and increasing malaria risks, which
negatively affect nearby communities.

Ecological characteristics of mangroves in Sei Carang

The ecological characteristics of mangroves in Sei Carang, Indonesia, reflect the
unique interplay of environmental, biological, and hydrological factors typical of
mangrove ecosystems. This research addressed the ecological characteristics of
mangroves in Sei Carang using physical and chemical environmental analysis.
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Salinity

Salinity was measured using a refractometer, with values expressed in parts per
thousand (ppt). Salinity is a critical factor influencing the growth, survival, and spatial
zonation of mangroves. Measurements revealed salinity levels of 25 o/oo at station 1,
20.1 o/oo at station 2, and 18.1 o/oo at station 3. These values fall within the optimal
salinity range for mangrove growth. This indicates that the Sei Carang waters receive a
substantial supply of freshwater, reducing salinity to a level below 30 o/oo0.

pH

The pH was measured using a pH meter. Results showed values of 6.56 at station 1,
6.69 at station 2, and 6.80 at station 3. These findings indicate that the Sei Carang estuary
waters are generally neutral and suitable for mangrove vegetation and aquatic organisms.

Dissolved oxygen (DO)

The dissolved oxygen (DO) levels in Sei Carang were recorded at 15.92mg/ L at
station 1, 15.6mg/ L at station 2, and 12.22mg/ L at station 3. According to Salmin
(2005), waters are considered good and minimally polluted if the DO level exceeds 5mg/
L. However, high sediment agitation caused by currents may lead to turbidity, reducing
sunlight penetration and impairing photosynthesis processes in the water column.

Challenges in mangrove restoration

Several challenges were identified in mangrove restoration efforts in Sei Carang:
(@) Lack of Monitoring and Supervision: Insufficient monitoring has resulted in
uncertainties regarding the long-term success of mangrove restoration efforts; (b)
Absence of Clear Regulations: The absence of explicit regulations defining which
institutions are responsible for mangrove management has led to fragmentation between
the Marine and Coastal Resources Agency (DKPL) and the Environmental Agency
(DLH), and (c) Planting Failures: Failures in mangrove planting are attributed to several
factors, including natural factors such as abrasion and unfavorable tidal conditions
hindering seedling growth and poor seedling quality or the use of incompatible species.

DISCUSSION

Restoring mangrove ecosystems is crucial for protecting coastal areas and
enhancing environmental resilience. Mangrove restoration is an increasingly important
effort to preserve vital coastal ecosystems. Tian et al. (2024) and Yulma et al. (2025)
emphasizes the importance of rehabilitating degraded mangrove ecosystems, particularly
in areas where natural recovery is unlikely to occur. She advocates for the protection of
mangrove buffer zones and the strengthening of the cultural and social values associated
with this ecosystem. A collaborative approach between local communities and
governments is strongly emphasized to achieve sustainable conservation goals. Next,
Moody et al. (2005) criticized previous restoration approaches that were more focused on
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timber production and the creation of coastal barriers, often resulting in monoculture
plantations. They suggested that restoration plans should include various stages of age
and species, as well as considering the dynamic natural processes necessary to create a
healthy and sustainable forest.

Inacio Da Costa and Macamo (2023) continued by evaluating the success of
mangrove ecosystem restoration in Southeast Asia, highlighting six key steps for
successful restoration, particularly hydrological restoration methodologies. The authors
emphasized that restoring biogeochemical functions in mangrove forests is crucial for
long-term success. Bretzel et al. (2023) expanded the understanding of vegetation and
soil characteristics as indicators of restoration pathways, as well as the impacts of natural
disasters, such as tropical storms, on the growth of planted mangroves. This research
highlighted the importance of adapting to climate change in mangrove forest management
strategies. In the context of community-based conservation, Kookana et al. (2020)
explained that mangrove degradation is often caused by human activities, such as land
conversion for agriculture and housing development. In addition, the need for local
community involvement in conservation efforts was recommended to achieve sustainable
outcomes (Ma et al., 2018; Monroy-Ortiz et al., 2018; Loperte, 2024; Rahmat et al.,
2025).

Cao et al. (2022) proposed that utilizing mangroves in carbon quota markets could
be a solution to support the sustainability of coastal forests and the livelihoods of coastal
communities. They emphasized the need for sustainable management systems to prevent
greater ecological disasters. On the other hand, Nuyts et al. (2024) discussed the
importance of hydrological classification as a practical tool for mangrove restoration,
highlighting that many restoration projects fail due to unsuitable site conditions. They
recommended the Ecological Mangrove Restoration (EMR) approach, which focuses on
site physical preparation. While, Robledano et al. (2018), in their study, provided a
global synthesis on the gaps found in coastal habitat restoration research, emphasizing the
need to identify knowledge gaps to improve restoration effectiveness. They pointed out
that many existing studies do not cover species interactions that can influence restoration
success. In this respect, McGregor and McGregor (2020) discussed the importance of
community involvement in ecosystem restoration projects, as well as the challenges faced
in implementing technologies such as machine learning. They illustrated the need for an
adaptive framework that considers local needs to improve restoration outcomes. Through
this analysis, it is evident that the challenges in mangrove restoration involve
interconnected ecological, social, and economic aspects, requiring a holistic and
collaborative approach to achieve long-term success (Sarkar & Bhattacharya, 2003;
Winograd, 2016; de Lima & Coutinho, 2024; Dong et al., 2024; Li et al., 2024,
Loperte, 2024; Rangel-Buitrago et al., 2024).
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CONCLUSION

The research findings indicate that the ecological characteristics of the mangrove
ecosystem in the Sei Carang estuarine waters are favorable for the existing mangrove
vegetation, as evidenced by the conformity of the measured parameters. Additionally, the
challenges faced in mangrove restoration in Sei Carang, Tanjungpinang City, include
insufficient monitoring, unclear institutional responsibility for mangrove management,
and natural factors.

REFERENCES

Breckwoldt, A.; Dsikowitzky, L.; Baum, G.; Ferse, S.C.A.; van der Wulp, S;
Kusumanti, I.; Ramadhan, A. and Adrianto, L. (2016). A review of stressors,
uses and management perspectives for the larger Jakarta Bay Area, Indonesia. Mar.
Pollut. Bull., 110: 790-794. https://doi.org/10.1016/j.marpolbul.2016.08.040

Bretzel, F., Vannucchi, F.; Pezzarossa, B.; Paraskevopoulou, A. and Romano, D.
(2023). Establishing wildflower meadows in anthropogenic landscapes. Front.
Hortic. 2. https://doi.org/10.3389/fhort.2023.1248785

Brown, M.E.; Mitchell, C.; Halabisky, M.; Gustafson, B.; Gomes, H.D.R.; Goes, J.l.;
Zhang, X.; Campbell, A.D. and Poulter, B. (2023). Assessment of the NASA
carbon monitoring system wet carbon stakeholder community: data needs, gaps,
and opportunities. Environ. Res. Lett. 18. https://doi.org/10.1088/1748-
9326/ace208

Cao, Y.; Kang, Z.; Bai, J.; Cui, Y.; Chang, 1.-S. and Wu, J. (2022). How to build an
efficient blue carbon trading market in China? - A study based on evolutionary
game theory. J. Clean. Prod., 367. https://doi.org/10.1016/j.jclepro.2022.132867

Carpenter, S.; Stamoulis, K.A.; Mateos-Molina, D.; Pittman, S.J.; Antonopoulou,
M.; Das, H.S. and Evans, C. (2024). Interconnectivity can be as important as
habitat type in explaining carbon stocks in the coastal lagoons of arid regions. Sci.
Total Environ. 951. https://doi.org/10.1016/j.scitotenv.2024.175504

Carvajal-Oses, M.; Pérez-Molina, J.P.; Herrera-Ulloa, A. and Moreira-Segura, C.
(2024). Structure and composition of a mangrove forest on the Central Pacific coast
of Costa Rica: population of mollusks of commercial interest. Uniciencia 38.
https://doi.org/10.15359/ru.38-1.6

Ci, Z.; Tang, X.; Shen, W. and Chen, B. (2023). Gaseous mercury exchange between
air and highly dynamic tidal flats: A laboratory incubation experiment. Environ.
Pollut. 335. https://doi.org/10.1016/j.envpol.2023.122383

Corona-Salto, A.; Equihua, M.; Lara-Dominguez, A.L. and LoOpez-Portillo, J.



2933
Mangrove Ecosystem Dynamics and Management Challenges in Sei Carang, Tanjungpinang City

(2024). A Bayesian network approach to assess the ecosystem integrity of
mangroves in Tampamachoco, Veracruz, Mexico. Madera y Bosques 30.
https://doi.org/10.21829/myb.2024.3042644

de Lima, R.J.C. and Coutinho, R. (2024). The Brazilian National Plan to Combat
Marine  Litter: A  critical assessment. Mar. Pollut. Bull.  206.
https://doi.org/10.1016/j.marpolbul.2024.116785

Dong, D.; Huang, H. and Gao, Q. (2024). Monitoring Coastal Blue Carbon Ecosystems
by Combing Satellite and UAV Remote Sensing Data in Southern China, in: 2024
Photonics and Electromagnetics Research Symposium, PIERS 2024 - Proceedings.
https://doi.org/10.1109/PIERS62282.2024.10617818

Elumalai, P.; Parthipan, P.; Gao, X.; Cui, J.; Kumar, A.S.; Dhandapani, P.;
Rajasekar, A.; Sarma, H.; Ganapathy, N.R.V.; Theerthagiri, J.; Min, A. and
Choi, M.Y. (2024). Impact of petroleum hydrocarbon and heavy metal pollution on
coral reefs and mangroves: a review. Environ. Chem. Lett. 22: 1413-1435.
https://doi.org/10.1007/s10311-024-01728-0

Fedorov, G.M. (2015). Learning pack “Ecology of Yakutia” for grades 5-9 for secondary
schools of Republic SakhaYakutia. Res. J. Pharm. Biol. Chem. Sci. 6: 1875-1884.

Giffin, A.L.; Brown, C.J.; Nalau, J.; MacKey, B.G. and Connolly, R.M. (2021).
Marine and coastal ecosystem-based adaptation in Asia and Oceania: Review of
approaches and integration with marine spatial planning. Pacific Conserv. Biol. 27:
104-117. https://doi.org/10.1071/PC20025

Guo, Z.; Wei, M.; Xu, C.; Wang, L.; Li, J.; Liu, J.; Zhong, Y.; Chi, B.; Song, S.;
Zhang, L.; Song, L.; Ma, D. and Zheng, H.-L., (2024). Genome-wide
identification of Avicennia marina aquaporins reveals their role in adaptation to
intertidal habitats and their relevance to salt secretion and vivipary. Plant Cell
Environ. 47: 832-853. https://doi.org/10.1111/pce.14769

Hagger, V.; Stewart-Sinclair, P.; Rossini, R.A.; Adame, M.F.; Glamore, W.; Lavery,
P.; Waltham, N.J. and Lovelock, C.E. (2024). Lessons learned on the feasibility
of coastal wetland restoration for blue carbon and co-benefits in Australia. J.
Environ. Manage. 369. https://doi.org/10.1016/j.jenvman.2024.122287

Ibrahim, I.; Zulkarnain, A.A. and Kurnia, M. (2024). Tin, Ponds, Mangroves, and
Tourism on Bangka Coast: The Dilemma of Money and Conservation, in: E3S Web
of Conferences. https://doi.org/10.1051/e3sconf/202456603005

Inacio Da Costa, F. and Macamo, C. (2023). Forest Structure and Carbon Reserve in
Natural and Replanted Mangrove Forests in Different Years in the Limpopo
Estuary, Gaza Province, Mozambique. Forests 14,
https://doi.org/10.3390/f14122375

Kasim, M. (2021). Measuring vulnerability of coastal ecosystem and identifying
adaptation options of indonesia’s coastal communities to climate change: Case
study of southeast sulawesi, indonesia, in: Springer Climate. pp. 149-172.



2934 Veronika et al., 2025

https://doi.org/10.1007/978-3-030-55536-8_8

Kim, Y.B.; Jeon, J.H.; Choi, S.; Shin, J.; Lee, Y. and Kim, Y.M. (2018). Use of a
filtering process to remove solid waste and antibiotic resistance genes from effluent
of a flow-through fish farm. Sci. Total Environ. 615: 289-296.
https://doi.org/10.1016/j.scitotenv.2017.09.279

Kookana, R.S.; Drechsel, P.; Jamwal, P. and Vanderzalm, J. (2020). Urbanisation and
emerging economies: Issues and potential solutions for water and food security.
Sci. Total Environ. 732. https://doi.org/10.1016/j.scitotenv.2020.139057

Li, Z.; Liu, L.; Sun, C.; Shan, X. and Zhao, H. (2024). Spatio-temporal variation and
drivers of blue carbon sequestration in Hainan Island, China. Mar. Environ. Res.
197. https://doi.org/10.1016/j.marenvres.2024.106476

Liles, M.J.; Peterson, M.N.; Stevenson, K.T. and Peterson, M.J. (2021). Youth
wildlife preferences and species-based conservation priorities in a low-income
biodiversity hotspot region. Environ. Conserv. 48: 110-117.
https://doi.org/10.1017/S0376892921000035

Loperte, S. (2024). An Environmental Participatory Governance (EPG) Model for the
Ecological Transition: The Case of the Basilicata Region. Sustain. 16.
https://doi.org/10.3390/su16020674

Ma, J.; Hipel, K.W. and Hanson, M.L. (2018). An evaluation of the social dimensions
in public participation in rural domestic waste source-separated collection in Guilin,
China. Environ. Monit. Assess. 190. https://doi.org/10.1007/s10661-017-6405-5

Mahmudi, M.; Musa, M.; Arsad, S.; Lusiana, E.D.; Bunga, A. and Wati, N.A.
(2021). Use of Phytoplankton to Assess Water Quality of Eco-Aquaculture System
in Super-Intensive Whiteleg Shrimp (Litopenaeus vannamei) Pond. Adv. Anim.
Vet. Sci. 10: 971-979.
https://doi.org/10.17582/JOURNAL.AAVS/2022/10.5.971.979

McGregor, B.A. and McGregor, A.M. (2020). Communities caring for land and nature
in Victoria. J. Outdoor Environ. Educ. 23: 153-171.
https://doi.org/10.1007/s42322-020-00052-9

Mishra, A.K.; Acharya, P.; Apte, D. and Farooq, S.H. (2023). Seagrass ecosystem
adjacent to mangroves store higher amount of organic carbon of Andaman and
Nicobar Islands, Andaman Sea. Mar. Pollut. Bull. 193.
https://doi.org/10.1016/j.marpolbul.2023.115135

Monroy-Ortiz, C.; Garcia-Moya, E.; Romero-Manzanares, A.; Luna-Cavazos, M.
and Monroy, R. (2018). Traditional and formal ecological knowledge to assess
harvesting and conservation of a Mexican Tropical Dry Forest. J. Environ. Manage.
214: 56-65. https://doi.org/10.1016/j.jenvman.2018.02.072

Moody, G.; Alkaff, H.; Garrison, D. and Golley, F. (2005). Assessing the
Environmental Literacy Requirement at the University of Georgia. J. Environ.
Educ. 36: 3-9. https://doi.org/10.3200/JOEE.36.4.3-9



2935

Mangrove Ecosystem Dynamics and Management Challenges in Sei Carang, Tanjungpinang City

Neres, J.N.; Strenzel, G.M.R.; Mielke, M.S. and Barros, F. (2024). Mangrove forest
health condition from space and the use of in situ data. Mar. Environ. Res. 201.
https://doi.org/10.1016/j.marenvres.2024.106704

Nhon, N.T.T.; Nguyen, N.T.; Hai, HT.N.; Minh, T.H. and Hien, T.T. (2024).
Microplastic pollution in coastal surface seawater of Southern Vietnam. Environ.
Monit. Assess. 196. https://doi.org/10.1007/s10661-024-13243-4

Numbere, A.O. and Aigberua, A.O. (2022). Characterization of Tidally Accumulated
Plastic Waste and the Effect on Mangrove Ecosystems at Eagle Island, Niger Delta,
Nigeria. J. Coast. Res. 39: 275-283. https://doi.org/10.2112/JCOASTRES-D-22A-
00013.1

Nuyts, S.; Wartman, M.; Macreadie, P.l. and Costa, M.D.P. (2024). Mapping tidal
restrictions to support blue carbon restoration. Sci. Total Environ. 949.
https://doi.org/10.1016/j.scitotenv.2024.175085

Qin, H.-P.; Su, Q.; Khu, S.-T. and Tang, N. (2014). Water quality changes during rapid
urbanization in the Shenzhen river catchment. An integrated view of socio-
economic and infrastructure  development.  Sustain. 6: 7433-7451.
https://doi.org/10.3390/su6107433

Rahmat, H. K.; Syah, N.; Barlian, E.; Dewata, I.; Fajrian, A.; Meidiyustiani, R. and
Mamah, B. (2025). Generation Z and Ecological Literacy: Building a Conscious
and Sustainable Future. J. Environ. Nanotechnol, 14(1); 165-171.

Rahmat, H. K.; Syah, N.; Barlian, E.; Fajrian, A.; Suryadi, S.; Ariyanti, I. and
Wahyuni, S. W. (2025). Empowering Coastal Communities: How Environmental
Literacy Shapes a Sustainable Future. J. Environ. Nanotechnol, 14(1); 158-164.

Rangel-Buitrago, N.; Gonzalez-Fernandez, D.; Defeo, O.; Neal, W. and Galgani, F.
(2024). Rethinking plastic entrapment: Misconceptions and implications for
ecosystem  services in coastal habitats. Mar. Pollut. Bull. 205.
https://doi.org/10.1016/j.marpolbul.2024.116665

Rendon, O.R.; Sandorf, E.D. and Beaumont, N.J. (2022). Heterogeneity of values for
coastal flood risk management with nature-based solutions. J. Environ. Manage.
304. https://doi.org/10.1016/j.jenvman.2021.114212

Robledano, F.; Esteve, M.A.; Calvo, J.F.; Martinez-Paz, J.M.; Farinos, P.; Carrefio,
M.F.; Soto, I.; Avilés, M.; Ballesteros, G.A.; Martinez-Bafios, P. and Zamora,
A. (2018). Multi-criteria assessment of a proposed ecotourism, environmental
education and research infrastructure in a unique lagoon ecosystem: The
Encafizadas del Mar Menor (Murcia, SE Spain). J. Nat. Conserv. 43: 201-210.
https://doi.org/10.1016/j.jnc.2017.10.007

Safitri, D.; Nuraini, S.; Rihatno, T.; Kaban, S.; Marini, A. and Wahyudi, A. (2020).
Improving student learning outcomes through reciprocal learning in environmental
education course. Int. J. Adv. Sci. Technol. 29: 190-193.

Sarkar, S.K. and Bhattacharya, A.K. (2003). Conservation of biodiversity of the



2936 Veronika et al., 2025

coastal resources of Sundarbans, Northeast India: An integrated approach through
environmental education, in: Marine Pollution Bulletin. Elsevier Ltd, Department
of Marine Science, University of Calcutta, Kolkata 700019, West Bengal, 35
Ballygunge Circular Road, India, pp. 260-264. https://doi.org/10.1016/S0025-
326X(02)00475-7

Song, J.; Wang, Y.; Huang, L.; Peng, Y.; Tan, K. and Tan, K. (2024). The effects of
bivalve aquaculture on carbon storage in the water column and sediment of
aquaculture areas. Sci. Total Environ. 937.
https://doi.org/10.1016/j.scitotenv.2024.173538

Sreeparvathi, C.K.; Amal, R.; Remia, K.M. and Devipriya, S.P. (2024). Ecological
assessment of microplastic contamination in surface water and commercially
important edible fishes off Kadalundi estuary, Southwest coast of India. Environ.
Monit. Assess. 196. https://doi.org/10.1007/s10661-024-12900-y

Tian, S.Y.; Langer, M.; Yasuhara, M. and Wei, C.-L. (2024). Reefal ostracod
assemblages from the Zanzibar Archipelago (Tanzania). Biogeosciences 21: 3523—
3536. https://doi.org/10.5194/bg-21-3523-2024

Triyanti, A.; Dieperink, C.; Hegger, D.; Vu, T.T.; Luu, T.T.; Nguyen, D.C. and
Nguyen, H.Q. (2024). Enhancing the role of International NGOs in promoting the
implementation of ecosystem-based adaptation policies: insights from an
International Union for Conservation and Foundation of Netherlands Volunteers led
project in the Vietnamese Mekong Delta. Ecol. Soc. 29. https://doi.org/10.5751/ES-
14727-290131

Veloso-Junior, V.C.; Pinto, D.P.; Silva, E.M.D.A.; Neves, E.; Santana, J.C. and
Menegola, C. (2023). First record of Amorphinopsis atlantica (Porifera:
Demospongiae: Halicondriidae) in the Paraguacu River estuary: Is its presence an
invasion or an adaptation to changing environmental conditions? Zootaxa 5351:
467-474. https://doi.org/10.11646/zootaxa.5351.4.4

Vora, N.M.; Narayan, S.; Aluso, A.; Donatti, C.I.; El Omrani, O.; Hannah, L.;
Mahmood, J.; Ndembi, N.; Vale, M.M. and Willetts, E. (2024). Nature-based
solutions are essential for climate and health action. Lancet 404, 913-915.
https://doi.org/10.1016/S0140-6736(24)01599-X

Walker, J.W.; Van Duivenboden, R. and Neale, M.W. (2015). A tiered approach for
the identification of faecal pollution sources on an Auckland urban beach. New
Zeal. J. Mar. Freshw. Res. 49: 333-345.
https://doi.org/10.1080/00288330.2015.1014376

Winograd, K. (2016). Education in times of environmental crises: Teaching children to
be agents of change, Education in Times of Environmental Crises: Teaching
Children to Be Agents of Change. Taylor and Francis Inc., College of Education,
Oregon State University, United States. https://doi.org/10.4324/9781315671970



2937
Mangrove Ecosystem Dynamics and Management Challenges in Sei Carang, Tanjungpinang City

Yulma, Y.; Kustanti, A.; Soemarno, S. and Mahmudi, M. (2025). Sustainability
Status and Management Strategies of Mangrove Ecosystems (Case Study:
Mangrove and Crab Conservation Area in Tarakan City, Indonesia). Egyptian J. of
Aguatic Bio. and Fisheries, 29(3): 661-683.

Zallesa, S.; lhsan, Y.; Pribadi, T. and Qiang, Y. (2025). Potential of Mangrove
Ecotourism in Pangandaran, West Java Indonesia Case Study: Bulaksetra,
Bojongsalawe, Batukaras. Egyptian J. of Aquatic Bio. and Fisheries, 29(1): 87-100.



