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ABSTRACT: Urban riparian forests remain understudied in the Philippines despite their importance in ecosystem services for 
anthropogenic landscapes, such as hosting the city’s local biodiversity and contributing to carbon capture and storage. However, 
human activities constantly threaten these ecosystems and remain poorly studied. This study assessed the riparian floristic diversity 
and carbon stock of mangrove forests in the Marjoya River and the Batangas City Mangrove Conservation Ecopark to establish 
baseline information and inform conservation recommendations. Using multiscale random plot sampling across four stations 
(upstream, midstream, downstream, and a mangrove eco-park), researchers documented 59 plant species from 52 genera and 27 
families, including 33 native species (8 endemic) and 26 exotic species, with 4 locally threatened species identified. Biodiversity 
metrics indicate moderate species diversity, likely influenced by proximity to human disturbance and fragmented forest patches. 
Carbon stock was estimated at 33.657 Mg C ha-1 (~123.521 Mg CO2) in total, averaging 7.791 Mg C ha-1 (~28.594 Mg CO2 ha-1), 
which is substantially lower than national averages (~170 Mg C ha-1 or 623.9 Mg CO2 ha-1) and other local studies, although soil 
carbon data were not included. These results highlight the vulnerability of urban riparian forests to anthropogenic pressures and 
underscore the need for enhanced protection, conservation, and land use planning to sustain their ecological functions and carbon 
storage capacity amid ongoing urban development. The study contributes critical knowledge on urban mangrove ecosystems in the 
Philippines, emphasizing their role in biodiversity support and climate mitigation within anthropogenic landscapes. 
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INTRODUCTION 
 
Rivers have long been an integral component of human 

civilization. Since ancient times, exemplified by the 
Mesopotamians, Egyptians, Indians, and Chinese, rivers 
have been important drivers of civilizations and have 
served as an important natural asset in the sectors of 
agriculture, transportation, and trade (Macklin and Lewin, 
2015, 2020; Pietz and Zeisler-Vralsted, 2021). In the 
modern era, rivers continue to be used for agricultural 
irrigation, energy generation, transport routes, and water 
sources for residential, commercial, and industrial 
applications (Best and Darby, 2020). River systems are 
also ecologically important as they contribute to various 
ecosystem services, not only to the benefit of humans but 
to other organisms as well, such as provisioning habitat for 
flora and fauna, transporting nutrients and sediments, and 
taking part in local biogeochemical cycles (e.g., 
hydrological cycle and nutrient cycling) (Postel and 
Richter, 2003). Essentially, river ecosystems act as a 
system for the flow of matter and energy (Harvey, 2016). 

In modern times, river systems aided urbanization 
(Zhao et al., 2013; Phong, 2015). Prior civilizations laid the 
foundations for urban development, and with it, humans' 
increasing control and influence on the natural 

environment, such as river systems (Royer, 2016). Since 
the dawn of civilization, rivers have acted as a source and 
sink, and with the recent and accelerated advancements in 
human society, the rise of anthropogenic landscapes has 
begun to significantly impact river ecosystems (Van Meter 
et al., 2016). This leads to the emergence of environmental 
issues such as water quality degradation, disease 
transmission, droughts, modification of biodiversity, and 
the general deterioration of ecosystem services (Postel and 
Richter, 2003; Royer, 2016; Van Meter et al., 2016). 

Concerning river systems and urbanization, the main 
issue of biodiversity and climate change is apparent, as 
human influence significantly affects ecosystem health 
(Wohl, 2019; Cañedo-Argüelles et al., 2023). Urban 
landscapes influence the ability of a metropolitan area to 
host local biodiversity and its role in carbon dynamics. 
These two major ecosystem services have a particular 
effect on other ecosystem services, and their instability 
construes serious and complicating impacts on the 
environment and the local population’s health, well-being, 
and the entire social, political, and economic dynamics 
(World Health Organization, n.d., 2015; Churkina, 2016; 
Wu et al., 2023). An ideal example of the importance of 
the aforementioned ecosystem services can be realized in 
how local biodiversity provides natural resources to 
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humans (e.g., food, fiber, water, and other amenities) and 
maintains local ecological stability, while carbon dynamics 
are dependent on the existing land use and cover in 
determining the role of land as carbon source and sink 
(Seto et al., 2012; Wang et al., 2025). With the loss of 
biodiversity and the presence of anthropogenic climate 
change, the environment is on the brink of irreversible 
damage, thereby compromising human life. 

In the Philippine setting, the role of urban areas in 
biodiversity and climate change is important to understand, 
but is obscured by the few available studies (Lumbres et al., 
2012; Tutor et al., 2018; Pansit, 2019; Coracero et al., 2022; 
Jumawan et al., 2024). The country is megadiverse yet also 
a biodiversity hotspot, and although not a major contributor 
to climate change, the Philippines remains a significant 
greenhouse gas emitter among the low- and middle-income 
countries and will continue to increase its emissions in the 
upcoming years (Convention on Biological Diversity, n.d.; 
Crepin, 2013). Urban areas play a significant role in this 
regard, as more than half of the nation’s population (54.0%) 
resided in urban areas according to a 2020 Philippine 
Statistics Authority (2022) report, and the number is 
expected to continue increasing, indicating a rapid 
urbanization process. 

Riparian urban biodiversity has a significant role in 
affecting ecosystem services given its unique place as a 
transitional zone for terrestrial and aquatic ecosystems, 
such as water quality regulation, flood and erosion control 
and mitigation, and habitat and migration corridors for 
various flora and fauna (Guerry et al., 2021; Davis et al., 
2025). Urban biodiversity in general is critical as it is 
sensitive to human disturbance and can lead to events like 
local species extinction and proliferation of exotic and 
invasive species (Murphy, 1988; Gaertner et al., 2017; 
McKinney, 2002). Moreover, biodiversity affects climate 
change and vice versa, which can be illustrated by 
scenarios where climate change exacerbates precipitation 
that worsens floods and erosion, affects species 
survivability due to temperature changes, and accelerates 
the modification of the biophysical constitution of a river 
system, leading to regime shifts (Postel and Richter, 2003; 
Royer, 2016; Naka et al., 2022). 

On the other hand, urban climate dynamics show that 
urbanized areas are important carbon sinks. Studies show 
that the carbon sequestration potential of urban forests can 
be comparable to that of tropical rainforests and even 
forests in rural areas (Wilkes et al., 2018; Jevon et al., 
2025). Moreover, riparian vegetation is an important area 
for carbon capture as it has the potential to significantly 
increase carbon sequestration while also contributing to 
long-term ecosystem services such as erosion reduction, 
minimization of nutrient runoff, and local hotspots of 
biodiversity due to their role as transitional ecosystems 
(Dybala et al., 2019; Matzek et al., 2020). Riparian 
restoration efforts show that successful revegetation can 
accelerate and increase initial carbon capture and higher 

soil carbon permanence (Matzek et al., 2020). This benefit 
increases further in warm and wet climates, suggesting the 
important roles of tropical regions (Dybala et al., 2019). 
Furthermore, riparian vegetation is often observed to 
sequester more carbon than its non-riparian counterparts 
(Pasion et al., 2021). This can be due to factors like how 
groundwater enhances growth and productivity, and the 
unique soil characteristics present in riparian zones (e.g., 
higher accumulated organic matter and nutrients from 
erosion and deposition) (Pasion et al., 2021; Rheinhardt et 
al., 2012). In the context of urban areas, the presence of 
riparian vegetation can aid in sequestering emissions due 
to the fact that urbanized areas are a significant carbon 
source (Churkina, 2016). The establishment of riparian 
forests can further increase baseline carbon stocks, 
suggesting the importance of management consideration to 
integrate conservation strategies in urban planning and 
design and policy formulation (Garrastazú et al., 2015). 

Given the criticality of the topic on biodiversity and 
climate change, this study is made to generate baseline 
information on the local flora and carbon stock of the local 
riparian ecosystem in Batangas City, an urbanized 
landscape in Southern Luzon, Philippines. Specifically, 
this study focuses on the riparian vegetation of Marjoya 
River, including a mangrove conservation ecopark located 
in the southernmost portion of the Calumpang River. 
Moreover, this study is significant as it focuses on the 
area’s general mangrove forest, a critically important 
ecosystem in the country. Mangrove forests protect coastal 
areas, shelter local organisms, filter streaming waters, and 
sequester carbon (Carugati et al., 2018; UN Environment 
Programme, 2023). Understanding the urban vegetation of 
the area is crucial for the effective management of the area 
and the city in general, as well as identifying what possible 
future actions should be taken to ensure sustainability and 
ecological integrity. This study highlights the importance 
of baseline information and mainstreaming biodiversity 
and climate studies to inform decision-makers and 
stakeholders about effective and sustainable urban 
planning and management. 

 

MATERIALS AND METHODS 
 
Study Site 

The study locale is located in the Marjoya River in the 
western part of Batangas City, draining out to the Bay of 
Batangas. It is a distributary of the Calumpang River and 
serves as a significant waterway of the city, as well as an 
important component of the sociocultural and ecological 
landscape of the area. The river system offers various 
environmental services, such as its utilization for fishing 
and irrigation, its support for local flora and fauna, its 
integral part in nutrient cycling, and its role as a natural 
buffer against flooding. 

Like other river systems in urban areas of the 
Philippines, the Marjoya River faces challenges related to 
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Fig. 1. A map of Batangas City and the study site. Sampling areas and their geographic coordinates are also included. 
 
pollution and habitat degradation. On-site observations 
show that the river suffers from extreme pollution due to 
the effluents and solid wastes deposited there. Although 
not classified yet by the Department of Environment and 
Natural Resources (DENR), its parent waterbody, the 
Calumpang River, is a Class D freshwater body, 
indicating its suitability for navigation only (Class D: 
Navigable Waters). Class D is also the lowest category, 
which means that very high levels of contaminants and 
pollutants are present in the river. 

Moreover, inquiries from local individuals identified 
that the existing vegetation of the river is fragmented 
from an original contiguous mangrove forest, which was 
cleared or transformed into other land use types as 
Batangas City became urbanized. Most of the vegetation 
observed on-site is situated in the riparian region, albeit 
some houses are too proximate to the river, leaving no 
easement and no area for riparian vegetation growth. The 
existing forest patches are usually composed of 
mangroves, and with government intervention, assisted 
mangrove forest regeneration is happening. Another 
conservation effort done by the local government is 
establishing a city mangrove conservation ecological 
park (hereinafter referred to as “ecopark”) situated in the 

lowermost part of the Calumpang River. A map of the 
study locale is shown in Figure 1. 

 
Floristic Diversity Assessment 

Sampling Method – A multiscale plot sampling 
method was used to assess the locale’s plant diversity. This 
method utilizes a nested plot configuration, i.e., three 1m x 
1m plots for sampling forest floor species and two 5m x 5m 
plots for sampling understory species were nested in a 20m 
x 20m plot for sampling canopy species. This procedure is 
adapted from previous studies (Napaldet, 2023; Bullong et 
al., 2024; Pocyoy and Napaldet, 2024), which also used 
three randomly distributed multiscale plots proximate to 
each other to constitute a sampling station. In this study, 
three sampling stations were placed in the upper, middle, 
and lower portions of the Marjoya River (hereinafter 
referred to as “UPMAR”, “MIDMAR”, and “LOWMAR” 
stations, respectively) while one station was placed within 
the ecopark (hereinafter referred to as “ECOPARK” 
station). The main map of Figure 1 highlights the locations 
of the sampling stations. 

Physical Description of the Sampling Stations – To 
provide a more in-depth description of each sampling 
station, the following points were provided: 
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a. UPMAR Station – The upstream portion of the 
Marjoya River where it splits up with the larger 
Calumpang River. The area is characterized as 
agricultural land, as most vegetation was planted with 
coconuts and bananas. However, mangroves are still 
present in the riparian zone and are slowly encroaching 
on the stream region, thereby steadily closing the river 
bifurcation. A minimal residential built-up area land 
cover can be aerially viewed. 

b. MIDMAR Station – The midstream portion of the 
Marjoya River. This area is where the majority of the 
built-up area is located. It also has a connecting bridge 
that links the fluvial island with the mainland. Most 
effluents are observed to flow out of the river in this area, 
given that residential, commercial, and industrial zones 
are located in this sector. The mangroves form a long and 
narrow strip along the riparian zone, as easement zones 
for built-up areas are no longer available. 

c. LOWMAR Station – The downstream portion of 
the Marjoya River. One side (northern part as viewed in 
Figure 1) consists of a large blend of coastal, riparian, and 
coconut plantation vegetation, while the other part 
(southern part as seen in Figure 1) comprises residential 
built-up land use. 

d. ECOPARK Station – The mangrove conservation 
ecological park under the management of the City 
Government of Batangas. A product of City Environment 
and Natural Resources Office (City ENRO) efforts to 
protect and conserve their environmental resources, the 
6,500 m2 ecopark aims to be a blue carbon sink and 
natural flood control for the area. The area is situated in 
the downstream portion of the Calumpang River and 
adjacent to grasslands and residential built-up zones. 

Sampling Implementation and Assessment – Species 
within the sampling plots were taxonomically identified, 
and their respective population counts were recorded, 
including the circumference at chest height (CCH) data for 
canopy species. Additional data were derived from 
secondary sources, i.e., species endemicity, floristic 
elements, and local and international conservation status. 
Gathering this information follows the methodology of 
Bullong et al. (2024). To provide a brief overview, species 
endemicity provides the distribution data of the species 
following the classification provided in Pelser et al.’s 
(2011) Co’s Digital Flora of the Philippines website: 
endemic for flora restricted within the country, indigenous 
for species naturally occurring within the country and is 
present in other countries, naturalized species for plants 
that are not originally native but become established and 
self-sustaining in the country, and cultivated but not 
naturalized for species that are maintained directly by 
humans often for human use. Floristic elements, on the 
other hand, represent phytogeographic distributions that 
indicate the extent of a species' native distribution. Species 
information on local and international conservation status 
was referred to DENR Administrative Order 2017-11 

(Updated National List of Threatened Plants and their 
Categories) and the IUCN Red List of Threatened Species 
(2025), respectively. 

Further, different biodiversity metrics were used to 
assess the plant biodiversity of the mangrove forests 
quantitatively, viz., Species Importance Value Index 
(SIVI), Shannon-Wiener Diversity Index (H’), Gini-
Simpson Index of Diversity (D), Pielou Equitability 
Index (E), Margalef Index of Richness (R), Bray-Curtis 
Dissimilarity Index (BCDI), and Endemicity and 
Conservation Importance Indices (EI and CII, 
respectively) (Bullong et al., 2024; Pocyoy and Napaldet, 
2024). These indices were selected to quantitatively 
describe an array of floristic diversity information, i.e., 
species diversity (H’ and D), species evenness (E), 
species richness (R), species dominance (SIVI), areal 
dissimilarity of species assemblage (BCDI), and the 
degree of the species community’s endemism (EI) and 
proliferation of exotic and invasive species (CII). 
Moreover, Table S1 presents the biodiversity metrics 
equations and how the results were interpreted. 

To explain the utilization of H’ and D to assess the 
same aspect of species diversity, early studies show that 
the former is more sensitive to species richness, while the 
latter is more sensitive to species evenness (presence of 
dominant species in the area) (Johnson and Burnet, 2016; 
Nagendra, 2002). In addition, their respective approach 
(as defined in the formulae) distinguished their intent to 
interpret species diversity, i.e., H’ measures the 
uncertainty in predicting the species identity from a 
random sampling, while D measures the probability that 
two randomly sampled individuals belong to different 
species (Roswell et al., 2021). While some studies opt to 
select one of the two indices (e.g., Alimbon and 
Manseguiao, 2021; Jumawan, 2022; and Goloran et al., 
2020), the majority of biodiversity studies utilize the two 
indices and are often complementary in interpreting 
species diversity (e.g., Bullong et al., 2024; Calzeta et al., 
2024; Pocyoy and Napaldet, 2024; Pototan et al., 2021). 

The computations of the aforementioned biodiversity 
metrics were done using various software, with PAST 
4.17 (Hammer et al., 2001) used to determine H’, D, E, 
and R; Microsoft Excel for SIVI, EI, and CII; and R 4.3.3 
(R Core Team, 2024) via RStudio for BCDI. The 
computations for BCDI were further transformed into a 
dendrogram using the vegdist function of the vegan 
package (computation part) and R 4.3.3’s hclust and plot 
functions (hierarchical clustering and visualization part, 
respectively). To elucidate, vegdist computes the pairwise 
BCDI of the sampling stations, hclust clusters the stations 
based on their pairwise values using an averaging 
algorithm, and plot visualizes the data as a dendrogram. 
This study uses the unweighted pair group method with 
arithmetic mean (UPGMA) algorithm to produce a 
dendrogram (Sokal and Michener, 1958). K-means 
clustering method is done with a k value of 3 (3 clusters) 
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to visually show the groupings of the sampling stations 
into 3 groups. Advanced graphics manipulation of the 
dendrogram is achieved using the factoextra package 
(Kassambara and Mundt, 2020). 

 
Carbon Stock Assessment 

Biomass Determination – The total tree carbon stock 
of the mangrove forests was estimated by initially 
determining their biomass before converting it into their 
equivalent carbon content. The allometric equations of 
Komiyama et al. (2005) (Equation 15) and Chave et al. 
(2014) (Equation 16) were used to estimate the 
aboveground biomass (AGB) of mangrove and non-
mangrove species, respectively. The equations require the 
diameter at breast height (DBH) and wood specific 
gravity (ρ), including the environmental stress factor (E) 
variable for Chave et al.’s (2014) equation. DBH is 
determined from the result of a circumference-to-
diameter equation using the measured CCH of the trees. 
The ρ value is acquired from the database of Zanne et al. 
(2009) for tropical Southeast Asia, and in the instances of 
multiple values in a single species, the averaged ρ is 
determined. Moreover, species absent from the database 
are assumed to have a ρ of 0.574 based on the mean ρ for 
tropical Southeast Asia (Chave et al., 2009). Finally, to 
determine the E value for the locale, the computeE 
function of the BIOMASS package (Réjou-Méchain et al., 
2017) is used using R 4.3.3. The AGB computed is 
expressed in kilograms. 

 

AGB௦௧ = 0.251 × 𝜌 × 𝐷𝐵𝐻ଶ.ସ            (15) 
AGB௦௧ = exp[(−1.803 − 0.976𝐸 + 0.976 ln(𝜌) +

2.673 ln(𝐷𝐵𝐻) − 0.0299[ln(𝐷𝐵𝐻)]ଶ]          (16) 
 

To estimate the belowground biomass (BGB), the 
allometric equations of Komiyama et al. (2005) and 
Cairns et al. (1997) are used for mangrove and non-
mangrove species, respectively (Equations 17 – 18). 
Likewise, the computed BGB is expressed in kilograms 
(kg). The sum of the AGB and BGB determines the total 
species biomass. 

 

BGB௦௧ = 0.199 × 𝜌.଼ଽଽ × 𝐷𝐵𝐻ଶ.ଶଶ          (17) 
BGB௦௧ = exp(−1.0587 + 0.8836(ln(𝐴𝐺𝐵))  (18) 

 

Carbon Stock Determination – To convert the 
computed biomass into carbon stock, the biomass values 
were multiplied by the conversion factor of 0.44 for 
mangrove forests (Lasco and Pulhin, 2003). Moreover, to 
determine the estimated carbon stock per hectare, a 
summation of the sum (double summation) of all tree carbon 
content per plot x (ΣΣTCCx) is first averaged per station, then 
converted into a per-hectare value. Since it is best and 
standard to indicate the values in metric ton or megagram 
(Mg), a multiplicative factor of 0.001 converts the value 
from kg to Mg C. This process explains Equation 19. 

 

Carbon Stock per ha (Mg C haିଵ) =
∑ ∑ ೣ

ೠ್ೝ  ೞ  ೞೌ 

௦   మ ×
ଵ మ

ଵ 
× 0.001       (19) 

 

To determine the overall carbon stored in the area, 
estimated per-hectare carbon stocks per station were 
averaged before multiplying by the total site area. 
Excluding the nearby plantations of coconuts and bananas, 
the total mangrove forest area is estimated to be 4.37 ha, 
including the 0.65-ha ecopark. Equation 20 presents the 
formula for determining the total carbon stock of the 
study site. 

 

C Stock of Study Area (Mg C) =
∑  ௌ௧    ௦ ௦௧௧ ௬

௨  ௦ ௦௧௧௦
×

𝑠𝑡𝑢𝑑𝑦 𝑠𝑖𝑡𝑒 𝑎𝑟𝑒𝑎 (ℎ𝑎)                       (20) 
 

Determining the equivalent carbon dioxide 
sequestered by the forests was computed using Equation 
21 by multiplying the carbon content by a factor of 3.67. 
This value is derived from C→CO2 conversion, noting 
that C and O atoms have atomic masses of 12 and 16 amu, 
respectively, making CO2 have a molecular mass of 44 
g/mol. Thus, a CO2–C ratio is equal to 44/12 or 3.67. 

 

COଶ sequestered = 𝐶 𝑠𝑡𝑜𝑐𝑘 × 3.67       (21) 
 

To determine whether a significant difference exists 
between sampling stations regarding carbon stock, with 
emphasis on the comparison between the remnant 
mangrove forests and the mangrove forest situated in the 
ecopark, a one-way analysis of variance (ANOVA) is 
used in conjunction with the Tukey post hoc test. 
Computations were done in the PAST 4.17 program. 

Data limitations – In this study, given the limited 
time and monetary resources, the soil carbon stock is not 
included in the assessment, rendering the result 
underestimated. Estimations using existing studies in the 
Philippines do not satisfactorily provide an accurate soil 
carbon share, as results show a significant variation of soil 
carbon contribution to the total carbon stock of a 
mangrove forest, such as 23.76% in Padre Burgos, 
Quezon Province (Breva, 2022), 66.81% in Pagbilao, 
Quezon Province (Malabrigo et al., 2017), 53.0% in 
Carigara Bay, Leyte Province (Decena et al., 2024), and 
40 – 90% in Macajalar Bay, Misamis Oriental Province 
(Lomoljo-Bantayan et al., 2023). 

 
RESULTS 

 
Plant diversity of Batangas City Mangrove Forests 

Species Composition – A total of 59 vascular plant 
species under 52 genera and 27 families were inventoried 
with the sampling station UPMAR (Station 1) being the 
most speciose among all sampling stations (ns=27) 
followed by LOWMAR (Station 3) (ns = 26) and the 
MIDMAR (Station 2) (ns = 22) (Figure 2A). The 
ECOPARK is the least speciose, having only 9 species. 
Taxonomic richness-wise, the legumes family or Fabaceae 
has the greatest number of genera and species recorded (ng 
= 8, ns = 8), followed by the family of grasses or Poaceae 
(ng = 5, ns = 5), figs or Moraceae (ng = 3, ns = 5), and 
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morning glories or Convulvulaceae (ng = 1, ns = 4) (Figure 
2B). The rest of the identified families consist of fewer 
genera and species representatives, mostly two or one. 

All recorded species are identified to be angiosperms, 
with 13 monocots and 46 dicots (Figure 2C). Moreover, 
the species comprise 19 canopy species, 12 understory 
species, and 28 forest floor species. Most forest floor 
species are in the UPMAR and LOWMAR stations 
(Stations 1 and 3, respectively). In contrast, canopy 
species are more abundant in the MIDMAR and 
ECOPARK stations (Stations 2 and 4, respectively) 
(Figure 2A). Understory species are moderate across the 
stations except in the ECOPARK station. 

Regarding species endemicity, 8 (13.56%) are 
endemic, 25 (42.37%) are indigenous, 21 (35.59%) are 
naturalized, and 5 (8.47%) are cultivated but not 
naturalized (Figure 2D). Endemics are concentrated in the 
LOWMAR station (Station 3), with indigenous species 
more present in the UPMAR and LOWMAR stations 
(Station 1 and 3, respectively). On the other hand, exotics 
are more abundant in the MIDMAR station (Station 2). 

The local species conservation status shows that 30 
(50.85%) species are classified as other wildlife species 
(OWS), 2 (3.39%) are other threatened species (OTS), 
and 2 (3.39%) are vulnerable (VU) (Figure 2E). 25 
(42.37%) species are uncategorized. On the other hand, 
referring to the international species conservation status 
through the IUCN Red List, 22 (37.29%) species are of 
least concern (LC), 1 (1.69%) species is endangered (EN), 
1 (1.69%) is Data Deficient (DD), and 36 (59.32%) are 
not evaluated (NE). Locally threatened species (OTS and 
VU) are present along the entire Marjoya River (Stations 
1 to 3), while the ECOPARK station (Station 4) houses 
none. The internationally recognized endangered species 
is found in the UPMAR station (Station 1). The least 
threatened and unassessed species are distributed across 
the sampling stations. 

The specific species considered to be locally 
threatened are the following: OTS are Acacia confusa 
(local name: akasya) and Artocarpus heterophyllus (local 
name: langka), while the VU species are Alternanthera 
sessilis (local name: bunga-bunga) and Ficus ulmifolia 
(local name: is-is, apling) (Figure 2F). The internationally 
threatened EN species is Swietenia macrophylla (local 
name: mahogany). A full list of species with their 
endemicity and conservation categories is available in 
Table S2 of the Supplementary Materials. 

Floristic Elements – At the generic level, a large 
percentage of the representative genera are pantropical 
(ng = 15, 28.85%), followed by Indomalesian-Australian 
diffusion (ng = 6, 11.54%) and neotropical (ng = 4, 7.69%) 
genera. Fewer genera are cosmopolitan, Indomalesian, 
and paleotropical, with three (5.77%) representatives. 
The rest of the genera have only one or two 
representatives (see Table S3). Overall, 19 genera are 
tropical-affiliated (86.36%), 2 genera are paleopolitan 

(occurring both in the tropical and temperate Old World) 
(9.09%), and one genus is cosmopolitan (4.55%). There 
are no genera affiliated with the temperate elements. 

On the other hand, at the species level, most of the 
species’ floristic elements are either Philippinean (ns = 8, 
13.56%), Neotropical (ns = 6, 10.17%), Caribbean (ns = 5, 
8.47%), Indochinese (ns = 3, 5.08%), or Indomalesian-
Northeast Australian diffusion (ns = 3, 5.08%). The rest 
of the species’ phytogeographic affiliations are 
enumerated in Table S4, where most floristic elements are 
tropical-affiliated. 

Biodiversity Indices – The most dominant canopy 
species were the three mangrove species inventoried, i.e., 
Avicennia marina, Rhizophora mucronata, and 
Sonneratia alba, with SIVI of 25.264, 21.237, and 18.412, 
respectively. For the understory species, the dominant 
ones are R. mucronata, Vachellia farnesiana, and A. 
marina, with respective SIVIs of 23.267, 13.210, and 
11.978 (Table 1). Further, the three most dominant forest 
floor species are Coccinia grandis, R. mucronata, and 
Sida acuta with SIVIs of 10.979, 10.961, and 9.080, 
respectively. Station-wise, the three mangrove species 
were usually the dominant species across the different 
sampling stations for the canopy and understory forest 
structures. The aforementioned understory species are 
also usually the dominant species per sampling station, 
although with the addition of some more species (e.g., 
Cocos nucifera, Leucaena leucocephala, Nypa fruticans, 
Terminalia catappa, etc.). For the case of forest floor 
species, the seedlings of R. mucronata and the herbaceous 
species C. grandis and S. acuta are the usual dominant 
species across the sampling stations. Table 1 presents the 
top three dominant species per sampling station and the 
overall site. Tables S5–S7 completely enumerate all 
inventoried species and their respective SIVIs. 

Table 2 summarizes the different biodiversity indices 
regarding location (sampling station in this context), 
forest structure, and combined. The H’ values of the 
sampling stations vary in location and forest structure. 
However, most values show an extremely low diversity, 
with only a few low or moderately diverse instances, 
except for the forest floor species. Overall, due to the 
contributive value of the high H’ for forest floor species, 
the site is considered highly diverse (H’ = 3.025), 
contradicting the results observed per component (per 
station or per forest structure in this context). As for the 
D values, most components are extremely diverse, with 
minimal moderately or highly diverse instances. The 
overall diversity in terms of D value is 0.897, which 
shows an extremely diverse community. However, 
considering that both H’ and D indices measure diversity, 
the reason why D values appear higher than H’ values is 
that the former is more sensitive to dominant species 
(influenced by species evenness) while the latter is 
sensitive to species richness. 
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Fig. 2. Plant species composition of the study site. A. species richness per forest structure, station, and overall site, B. generic and 
specific richness per plant family, C. species richness in terms of plant division, D. species endemicity statistics, E. statistics on local 
species conservation status, F. status on international species conservation status. 
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Table 1. Dominant species per station and the overall site according to their species importance value index. 
 

Category Species Name Species Importance Value Index 

  S1 S2 S3 S4 Site 

Canopy Avicennia marina - 24.605 (2) 33.09 (1) 40.629 (2) 25.264 (1) 
Canopy Azadirachta indica - - 15.963 (3) - - 
Canopy Cocos nucifera 13.031 (3) - 29.095 (2) - - 
Canopy Rhizophora mucronata 24.158 (1) 7.584 (3) - 46.909 (1) 21.237 (2) 
Canopy Sonneratia alba 14.182 (2) 33.193 (1) - 12.462 (3) 18.412 (3) 

Understory Allaeanthus luzonicus  - - - - - 
Understory Avicennia marina - 16.964 (2) 17.914 (2) 18.824 (2) 11.978 (3) 
Understory Cocos nucifera - - - 7.941 (3) - 
Understory Kanapia monstrosa - - 8.957 (3) - - 
Understory Leucaena leucocephala 11.522 (3) - - - - 
Understory Macaranga tanarius - - - 7.941 (3) - 
Understory Melanolepis multiglandulosa 17.283 (2) - - - - 
Understory Nypa fruticans - 30.357 (1) - - - 
Understory Rhizophora mucronata 30.978 (1) 13.393 (3) - 49.412 (1) 23.267 (1) 
Understory Terminalia catappa - - 8.957 (3) 7.941 (3) - 
Understory Vachellia farnesiana - - 43.182 (1) 7.941 (3) 13.210 (2) 

Forest Floor Alternanthera sessilis - - 10.185 (2) - - 
Forest Floor Antigonon leptopus - - 7.407 (3) - - 
Forest Floor Asystasia gangetica 12.404 (2) - - - - 
Forest Floor Coccinia grandis 12.084 (3) 33.333 (1) - - 10.979 (1) 
Forest Floor Colocasia esculenta - 18.519 (2) - - - 
Forest Floor Ficus septica - 11.111 (3) - - - 
Forest Floor Ipomoea aquatica - - - 8.586 (3) - 
Forest Floor Murdannia nudiflora - 11.111 (3) - - - 
Forest Floor Rhizophora mucronata - - - 57.071 (1) 10.961 (2) 
Forest Floor Sesuvium portulacastrum - - 12.037 (1) - - 
Forest Floor Sida acuta 16.752 (1) - 12.037 (1) - 9.080 (3) 
Forest Floor Sonneratia alba - - - 27.273 (2) - 
 Trianthema portulacastrum - - 7.407 (3) - - 
Forest Floor Zamioculcas zamiifolia - 11.111 (3) - - - 

 

Note: S1 – UPMAR Station (Agricultural-dominated area), S2 – MIDMAR Station (Built-up-dominated area), S3 – LOWMAR Station 
(Coastal-Riparian-Anthropic area), S4 – ECOPARK Station (Human-managed area), Site – Overall study site. Results computed for 
the locale as of July 2024. Ordinal rankings are enclosed in parentheses. 
 

Species evenness often ranges from moderately to 
highly even species composition across different 
locations and forest structures, with the overall 
community being highly even (E = 0.742). For the species 
richness, R values are often moderately rich, with some 
instances of having low richness and the unique example 
of high richness for forest floor species. The overall plant 
community is considered speciose (R = 9.518). 

Most locations and forest structures have a moderate 
endemicity index. However, a few instances of canopy 
species have a lesser EI, while a single instance of 
understory species has a higher EI. This is also reflected 
in the moderate EI of the site (EI = 46.102). On the other 
hand, the conservation importance index of each 
component usually ranges from low to extremely low CII, 
with only a single instance of a moderate CII value for 
Station 2. Overall, the community has a low CII value 
(CII = 31.780). 

Based on the information, details can be further 
gleaned by showing that H’ and D values are positively 

related to species evenness (E), by showing that a diverse 
assemblage of species in the locale indicates a highly 
even species distribution, wherein a decrease in diversity 
also leads to a decline in species evenness. There is no 
clear relationship between species evenness (E) and 
richness (R), as some results show a positive 
relationship(e.g., Station 1 in the “Site” column) but other 
results indicate a negative effect (e.g., Station 2 in the 
“Forest Floor” column). 

Areal Dissimilarity of Species Composition – A 
visualization of species dissimilarity per forest structure 
and the overall site is presented as dendrograms (Figure 
3). Three distinct clusters were identified for canopy 
species: Station 1 and 4 cluster (UPMAR-ECOPARK), 
Station 2 (MIDMAR), and Station 3 (LOWMAR). This 
means that the species present in UPMAR and 
ECOPARK are similar, while the species MIDMAR and 
LOWMAR are highly distinct from the former and from 
each other due to the longer branch in the dendrogram 
(Figure 3A). For the understory species, there are also
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Table 2. Biodiversity indices of the study site. 
 

Index Area Canopy Understory Forest Floor Site 
H' S1 1.67 H'-- 1.94 H'-- 2.27 H'- 2.76 H' 
H' S2 1.28 H'-- 1.73 H'-- 1.69 H'-- 2.52 H' 
H' S3 1.46 H'-- 1.52 H'-- 2.47 H'- 2.82 H' 
H' S4 0.69 H'-- 1.28 H'-- 0.86 H'-- 1.07 H'-- 
H' Site 1.74 H'-- 2.44 H'- 3.04 H'+ 3.025 H'+ 

D S1 0.76 D+ 0.81 D++ 0.90 D++ 0.90 D++ 
D S2 0.86 D++ 0.85 D++ 0.81 D++ 0.89 D++ 
D S3 0.70 D+ 0.72 D+ 0.91 D++ 0.92 D++ 
D S4 0.45 D 0.65 D+ 0.48 D 0.51 D 
D Site 0.75 D+ 0.88 D++ 0.94 D++ 0.897 D++ 

E S1 0.76 E+ 0.78 E+ 0.91 E++ 0.84 E++ 
E S2 0.56 E 0.89 E++ 0.87 E++ 0.82 E++ 
E S3 0.75 E+ 0.78 E+ 0.89 E++ 0.87 E++ 
E S4 0.63 E+ 0.72 E+ 0.62 E+ 0.49 E 
E Site 0.59 E 0.80 E+ 0.88 E++ 0.742 E+ 

R S1 2.02 R- 2.87 R 2.87 R 5.23 R+ 
R S2 2.34 R 2.27 R 1.82 R- 4.69 R 
R S3 1.97 R- 1.70 R- 3.76 R 5.33 R+ 
R S4 0.51 R- 1.76 R- 0.86 R- 1.73 R- 
R Site 3.50 R 4.25 R 6.11 R+ 9.518 R+ 

EI S1 42.22 EI 50.00 EI 50.00 EI 48.15 EI 
EI S2 36.00 EI- 65.71 EI+ 42.86 EI 45.45 EI 
EI S3 48.57 EI 48.57 EI 51.25 EI 51.54 EI 
EI S4 60.00 EI 53.33 EI 60.00 EI 55.56 EI 
EI Site 34.74 EI- 54.29 EI 51.11 EI 46.102 EI 
CII S1 30.56 CII- 31.25 CII- 37.50 CII- 32.41 CII- 
CII S2 33.33 CII- 28.57 CII- 42.86 CII 36.36 CII- 
CII S3 14.29 CII-- 14.29 CII-- 34.38 CII- 26.92 CII- 
CII S4 16.67 CII-- 16.67 CII-- 12.50 CII-- 16.67 CII-- 
CII Site 26.39 CII- 27.38 CII- 31.48 CII- 31.780 CII- 

Note: H’ – Shannon-Wiener Diversity Index, D – Gini-Simpson Index of Diversity, E – Pielou Equitability Index, R – Margalef Index of 
Richness, EI – Endemicity Index, CII – Conservation Importance Index. S1 – UPMAR Station (Agricultural-dominated area), S2 – 
MIDMAR Station (Built-up-dominated area), S3 – LOWMAR Station (Coastal-Riparian-Anthropic area), S4 – ECOPARK Station 
(Human-managed area), Site – Overall study site. Results computed for the locale as of July 2024. The verbal or descriptive 
interpretation of the shorthand symbols succeeding the index values can be referred to in Table S1. 
 
three distinct clusters with the same grouping, that is, 
Stations 2 and 4 (MIDMAR-ECOPARK), Station 1 
(UPMAR), and Station 3 (LOWMAR), although the 
MIDMAR-ECOPARK group has a longer branch 
compared to the dendrogram in Figure 3A, showing that 
despite being grouped as a single cluster, the species 
composition in MIDMAR and ECOPARK is still 
somewhat dissimilar, and extremely distinct from the 
species of UPMAR and LOWMAR (Figure 3B). The case 
is entirely different for the forest floor species with four 
clusters, i.e., Station 1, Station 2, Station 3, and Station 4 
(not shown in the figure, check the caption of Figure 3 for 
details). Figure 3C shows that forest floor species in the 
four sampling stations are distinct from each other. Station 
4 (ECOPARK) has a distinct forest floor composition from 
the rest of the sampling stations, rendering it not included 
in the dendrogram due to some null values in the output of 
the computational algorithm in RStudio. 

Overall, when all species across the forest structure 
are combined, there are three identified clusters, viz., 

Stations 1 and 4 (UPMAR-ECOPARK), Station 2 
(MIDMAR), and Station 3 (LOWMAR). The values, 
represented by the vertical lines that branched out, are 
above the BCDI of 0.5; therefore, there is a significant 
dissimilarity between the clusters.  

 
Biomass and carbon stock of Batangas City Mangrove 

Forests 
A total of 52, 47, 21, and 102 individual trees were 
inventoried for the carbon stock assessment of Stations 1 
to 4, respectively, totaling 222 trees. The violin plots in 
Figure 4 show that the mean DBH for each station starting 
from Station 1 is 17.26 ± 14.86 cm (median = 11.62 cm), 
22.42 ± 11.7 cm (median = 20.05 cm), 19.55 ± 9.34 cm 
(median = 17.51 cm), and 17.17 ± 10.4 cm (median = 
14.64 cm), respectively. The highest mean DBH is in 
MIDMAR, followed by LOWMAR. Further inspection 
using species inventory shows that the reason why the 
mean DBH is higher in MIDMAR and LOWMAR 
(Stations 2 and 3) is due to the presence of larger species   
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Fig. 3. Bray-Curtis Dissimilarity Index (BCDI) dendrograms. A. BCDI dendrogram for canopy species, B. BCDI dendrogram for 
understory species, C. BCDI dendrogram for forest floor species, D. BCDI dendrogram for the overall forest structure. *BCDI 
dendrogram for forest floor species only includes Stations 1 to 3. Station 4 is not included since the hierarchical clustering algorithm 
cannot proceed due to null-value errors. Manual data checking shows that many species in Station 4 are absent from the rest of the 
sampling stations. This affects the clustering algorithm, thus making it unable to create a dendrogram unless Station 4 data is removed. 
 

 
 

Fig. 4. Violin plots of the tree DBH distribution per sampling station. 

 
of trees, such as S. macrophylla, S. alba, and C. nucifera, 
which also usually have the highest IVIs. Most species in 
the other stations are generally composed of thinner 
mangrove species (i.e., A. marina and R. mucronata), 
especially in the ECOPARK (Station 4). 

The riparian vegetation along Marjoya River and the 
ecopark has a total tree biomass of 76.493 Mg (17.708 
Mg ha-1) (Table 3). This is equivalent to an estimated 
33.657 Mg C (7.791 Mg C ha-1) stored in its tree biomass, 
most of which is contributed by UPMAR and MIDMAR. 
When converted into its equivalent carbon dioxide, the 
riparian vegetation sequesters an overall total of 123.521 
Mg CO2 (28.594 Mg CO2 ha-1). 

Using the biomass data of every species in each 

sampling station, the ANOVA yields a p-value of 
0.00893 and an F value of 3.958. Since the p-value is 
below 0.05 (p0.05) and the F statistic is larger than the F 
critical value (Fcrit = 2.6460), there is a significant 
difference between the mean biomass of each station. The 
biomass data is used since the carbon and sequestered 
CO2 data are derived from it. To determine specific 
significant differences among the sampling stations, a 
pairwise comparison is presented in Table 4. Tukey’s post 
hoc test showed a substantial difference between the 
carbon stock of UPMAR and ECOPARK and between 
the MIDMAR and ECOPARK. Other pairwise 
comparisons between two sampling stations yield no 
significant comparisons at p < 0.05. The statistical 
analysis supports the visual inspection of the data, wherein 
UPMAR and MIDMAR stations have larger biomass, 
equivalent carbon, and sequestered CO2 than the rest. 

 
DISCUSSION 

 
The riparian plant diversity of Marjoya river and 

Batangas City Mangrove Conservation Ecopark 
Floristic Composition – The riparian plant diversity of 

the Marjoya River and Batangas City Mangrove Ecopark 
consists entirely of angiosperms, given that angiosperms 
constitute the largest taxon of the plant kingdom. Most 
species are dicotyledons, with only more than a fifth of 
monocotyledons, mostly in the form of grasses. The large  
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Table 3. Tree carbon stock and sequestered carbon dioxide (CO2) of the study site. 
 

Station 
Area 
(ha) 

Mg Biomass 
(mB)† 

Mg MB ha-1 Total Mg mB Mg C ha-1 Total Mg C 
Mg CO2 ha-1 
sequestered 

Total Mg CO2 
sequestered 

1 1.20* 28.72 23.93 28.72 10.53 12.64 38.64 46.37 
2 1.12* 26.24 21.87 24.49 9.62 10.78 35.31 39.54 
3 1.40* 11.22 9.35 13.09 4.12 5.76 15.10 21.14 
4 0.65 18.82 15.68 10.19 6.90 4.49 25.32 16.46 
Site 4.37 N/A 17.708‡ 76.493 7.791‡ 33.657 28.594 123.521 
Note: S1 – UPMAR Station (Agricultural-dominated area), S2 – MIDMAR Station (Built-up-dominated area), S3 – LOWMAR Station 
(Coastal-Riparian-Anthropic area), S4 – ECOPARK Station (Human-managed area), Site – Overall study site. Results computed for 
the locale as of July 2024. *The station area is estimated and generally covers the greenbelt zone. †The estimated biomass of the 
sampling station.‡The estimated biomass and carbon stock per hectare for the site is the mean per hectare value of the four sampling 
stations. 
 
Table 4. Tukey’s pairwise test to determine the exact pairs of sampling stations with significant differences. 
 

 Station 1 Station 2 Station 3 Station 4 

Station 1  1 0.9998 0.0346a 

Station 2 0.05349  0.9995 0.0394a 

Station 3 0.1229 0.162  0.2548 
Station 4 3.858 3.79 2.61  

Note: S1 – UPMAR Station (Agricultural-dominated area), S2 – MIDMAR Station (Built-up-dominated area), S3 – LOWMAR Station 
(Coastal-Riparian-Anthropic area), S4 – ECOPARK Station (Human-managed area). Results computed for the locale as of July 2024. 
Tukey’s Q is located below the diagonal, while the p(same) is placed above the diagonal. 
aSignificant pairs are in bold typeface. 
 
representation of leguminous species in the area can be 
attributed to Fabaceae being one of the largest families of 
flowering plants (Lewis, 2005). Further, research 
observations in Brazil and India, predominantly tropical 
countries, show that the family is among the dominant 
families identified in their study areas (Musisi et al., 2025; 
Silva and Souza-Lima, 2013). Musisi et al. (2025) also 
pointed out that the resilience of Fabaceae species 
contributed to their dominance in riparian ecosystems 
despite the impacts of anthropogenic pollution. In addition, 
given that Fabaceae possess root nodules necessary for 
nitrogen fixing, the high amounts of riparian nitrogenous 
compounds in anthropogenically polluted rivers (Zhang et 
al., 2015), such as the Marjoya River, and their relationship 
with the distribution of Fabaceae species, can be a good 
avenue for future investigations. This is because some 
identified Fabaceae species are also dominant with high 
SIVI values, viz., Leucaena leucocephala (local name: ipil-
ipil) and Vachellia farnesiana. 

The species endemicity of the area is somehow 
composed of equal representatives of native (endemic and 
indigenous) and non-native (naturalized and cultivated) 
species. Most of the endemics are concentrated in 
LOWMAR since it is originally part of the natural 
mangrove forests in the area and has the largest forest area 
among the sampling stations within the Marjoya River. The 
area is also a blend of three different ecosystem types, 
namely coastal, riparian, and agricultural, which have 
unique species composition and, due to edge effect and 
minimal disturbance, promote unique environmental 
conditions and habitat heterogeneity that can support high 
levels of floristic endemism and native species richness 
(Ferdiansyah and Ali, 2024; Sabo et al., 2005). The 

increasing number of indigenous and especially exotic 
species in the MIDMAR and UPMAR is due to the 
anthropogenic disturbance that interferes with the original 
natural local ecosystems and provides means for the 
proliferation of non-native species and eventual spread into 
the local ecosystem, thereby reducing the existing 
ecological integrity and modifying the ecosystem services 
of the area (Gaertner et al., 2017; McKinney, 2002). 
Satellite imagery (refer to Figure 1) reveals that the existing 
mangrove forests in the upper and middle portions of the 
Marjoya River are already fragmented and thinned due to 
the presence of houses and infrastructure that even extends 
to the riverbanks. On the other hand, the ECOPARK has 
the lowest number of non-native species due to the nature 
of being directly managed by the government and the 
presence of a monoculture stand of mangrove species. 
To determine the source of the existing non-native species, 
phytogeographic distribution through floristic elements 
reveals that most of the exotic species that naturalized or 
cultivated in the area are originally from the nearby Indo-
Pacific and the farther Neotropical regions. These non-
native species were introduced by human vectors either 
accidentally or purposively (given their use in e.g., 
agriculture and horticulture), which results in competition 
with native plant populations, thus requiring conservation 
efforts to delimit their effects on local plant communities, 
especially in urbanized areas where intensive 
anthropogenic activities encourage the spread of 
nonnative species (McKinney, 2002; Rojas-Sandoval et 
al., 2023). The presence of species with non-Philippinean 
floristic affiliations also increases the possibility of plant 
invasion due to their aggressive and rapid propagation 
that outcompetes local native plants. 
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Table 5. Biodiversity indices of some local urban and non-urban mangrove sites from reviewed literature in comparison with the findings 
of this study. 
 

Site Typology H’ D E R Source 

Batangas City, Batangas Urban 3.025 0.897 0.742 9.518 This study 
Panabo City, Davao del Norte Urban 1.027 - 0.638 0.515 Alimbon & Manseguiao 

(2021) 
Cotabato City, Maguindanao del Norte Urban 1.xx – 2.02 0.65 – 0.93 0.8x – 0.91 - Dimalen & Rojo (2018) 
Alabel, Sarangani Urban 0.000 – 1.562 - - - Jumawan (2022) 
Lobo, Batangas Rural 0.87 – 2.99 0.00 – 0.57 0.29 – 1.00 0.00 – 2.01 Calzeta et al. (2024) 
Del Carmen, Surigao del Norte Rural 0.958 – 3.211 0.46 – 0.95 0.39 – 0.88 - Cortez et al. (2023) 
Banaybanay, Davao Oriental Rural 3.145 0.943 0.900 - Pototan et al. (2021) 

 

Note: Values denoted with “x” are uncertain since the base literature only provided the graph and no actual numerical values in text 
form are discussed. 
 

Apart from the threat of exotic and invasive species, 
species extinction is also faced in the study site. Despite 
the notion that urban areas are already degraded natural 
ecosystems and regarded as having limited conservation 
value, urban areas are necessary for human-assisted 
conservation strategies, especially for the identified 
threatened species in the area (Gaertner et al., 2017; Zhao 
et al., 2023). One way to incorporate species conservation 
is to include threatened species in administratively 
protected areas such as ecoparks and green spaces. 
Further, the findings show that some species remained 
unassessed (e.g., the presence of data deficient and not 
evaluated species) and are possibly more threatened than 
their assessed counterparts (Roberts et al., 2016; Borgelt 
et al., 2022). This prompts collective efforts to assess the 
geographic distribution and population dynamics of these 
species, which involve both human and financial capital 
allocation. 

Biodiversity Indices – Biodiversity indices at the 
community level show moderately high species diversity, 
richness, and evenness despite reaching low to moderate 
values when observed per forest structure or sampling 
station. This discrepancy in the result can be attributed to 
the scale of observation and the species’ spatiotemporal 
arrangement in the community (Herrmann et al., 2022; 
McCabe, 2011). It is pointed out by Sabo et al. (2005) that 
riparian ecosystems are not necessarily speciose; instead, 
the ecosystems’ unique role as buffer landscapes and the 
edge effect phenomenon support significantly different 
species than their adjacent core ecosystems (Šálek et al., 
2013). Nonetheless, the results are comparable with other 
local urban (Alimbon and Manseguiao, 2021; Dimalen 
and Rojo, 2018; Jumawan, 2022) and non-urban (Calzeta 
et al., 2024; Cortez et al., 2023; Pototan et al., 2021) 
mangrove sites with moderate and sometimes lower 
diversity, richness, and evenness (refer to Table 5 for the 
actual biodiversity index values). One reason the species 
diversity of the study area is higher than that of other non-
urban mangrove sites can be attributed to the high number 
of exotic species, which are usually present in anthropic 
landscapes. The uneven population of native and non-
native species in the site is also evident in the moderately 
high evenness (E) values reflected by the repeatedly 

dominant species (see species SIVI values). 
The lack of general biodiversity indices to determine 

what affects the increase and decrease in species diversity 
and how it affects the local ecosystem can be further 
elaborated by the endemicity and conservation 
importance indices (EI and CII). These complementary 
indices highlight the need for conservation based on the 
weighted values of taxa, taking into account their 
endemicity and conservation status (Bullong et al., 2024). 
The results show that the area has a moderate EI value; 
thus, it is still an ecologically resilient ecosystem, 
although it can be further weakened due to the alarming 
presence of exotic and invasive species and their impact 
on modifying the ecosystem (Gaertner et al., 2017; 
McKinney, 2002). On the other hand, the area has a low 
CII value. This means that the area is approaching a 
threatened state due to the presence of some conservation-
important species in the area. This is elaborated by the 
aforementioned narratives, showing how vulnerable 
unassessed species are and why conservation efforts must 
be redirected towards these species. 

The EI and CII further assess the vulnerability of the 
ecosystem through simple information on endemicity and 
conservation status, which are not clearly defined by 
general biodiversity metrics. This illustrates that despite 
the high species diversity of the riparian vegetation of 
Batangas City as compared to other cited mangrove 
ecosystems in the country, some of the species inventoried 
pose risks to the natural forest landscape, such as the 
multiple presence of exotic and invasive species and the 
additional presence of conservation-important or 
threatened species. 

A further observation of the species composition of 
each sampling site can also shed light on how species 
diversity is driven by existing land use proximate to the 
area. The Bray-Curtis dendrograms show that a sufficient 
fraction of taxa in the lower section of the Marjoya River 
(LOWMAR) differs from the other sections of the river 
and the ecopark. This is seconded by the midstream of the 
Marjoya River (MIDMAR), which also has a significant 
number of taxa different from the other sampling stations. 
Despite being clustered into one, the upper section of 
Marjoya River (UPMAR) and the ecopark (ECOPARK)  
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Table 6. Biomass and carbon stocks of some local urban and non-urban mangrove sites from reviewed literature in comparison with 
the findings of this study. 
 

Site 
Land 

Typology 
Biomass 

Density (Mg ha-1) 
Carbon Stock 

Density (Mg ha-1) 
CO2 sequestered 

(Mg ha-1) 
Source 

Batangas City, Batangas Urban 17.708 7.791 28.594 This study 
Panabo City, Davao del Norte Urban 77.45 37.18 136.44 Alimbon & Manseguiao (2021) 
Cotabato City, Maguindanao del Norte Urban 604.94 490.69 1,799.83 Dimalen & Rojo (2018) 
Butuan City, Agusan del Norte Urban 9.308 4.375 16.065 Jumawan et al. (2024) 
Pinabacdao, Samar Rural 401.07 188.50 691.81 Abino et al. (2014a) 
Puerto Princesa, Palawan Rural 757.7 529.9 1944.5 Abino et al. (2014b) 
Padre Burgos, Quezon Rural 152.99, 133.68, 

134.51 
92.36, 139.07, 

70.18 
339.97, 510.41, 

257.56 
Breva (2022) 

San Juan, Batangas Rural 954.33 115.45 424.22 Gevaña & Pampolina (2009) 
Macajalar Bay, Misamis Oriental Rural 419.2 581.15 2,132.83 Lomoljo-Bantayan et al. (2023) 
Pagbilao, Quezon Rural 132.51 184.84 678.36 Malabrigo et al. (2017) 

 
still significantly harbor different species since the forks 
of the dendrograms are above 0.5 (moderate species 
similarity/dissimilarity). A species similarity between 
UPMAR and ECOPARK can be due to the specific 
mangroves present at both sampling stations, as the latter 
only generally constitutes mangrove species. 

 
Carbon stock and sequestration potential assessment 

of the riparian vegetation of Marjoya River and 
Batangas City Mangrove Conservation Ecopark 

The upper and middle portions of the Marjoya River 
contributed the bulk of the entire site’s biomass and 
carbon stock. This can be attributed to the species 
composition variance observed in the site using the BCDI, 
and that the majority of larger species inventoried are 
situated in the northern portion of the study area (refer to 
the violin plots in Figure 4). This is also supported by the 
results of the ANOVA and the post hoc assessment, 
which show that the upper and middle portions of the 
Marjoya River are significantly different in terms of 
biomass and carbon stock. 

A review of the publication by Lasco and Pulhin 
(2003) unfortunately shows that the average biomass and 
carbon density of the study site fall short of the national 
average (~400 Mg ha-1 and ~170 Mg ha-1, respectively). 
This can be attributed to the patch configuration of the 
sampling stations, where all riparian vegetation is 
constrained into long strips and is fragmented. Further, 
the violin plots in Figure 4 show that most species are still 
young due to their smaller DBH. To illustrate, the DBH 
of mature individuals of A. marina, R. mucronata, and S. 
alba can reach up to 70 cm, 20 cm, and 120 cm, 
respectively (Primavera et al., 2004). Given that species 
growth follows a sigmoidal curve, it can be projected that 
the annual biomass gains and carbon sequestered will 
further increase. However, it is still recommended that the 
area coverage of the mangrove forest be further expanded 
to keep up with the increasing carbon emissions 
associated with the ongoing urbanization process. 

In addition, comparison with other site-specific studies 
shows that the biomass and carbon stock densities of the 

locale are mostly low compared to those of other studied 
urban (Dimalen and Rojo, 2018; Alimbon and Manseguiao, 
2021; Jumawan et al., 2024) and non-urban (Gevaña and 
Pampolina, 2009; Abino et al., 2014a,b; Malabrigo et al., 
2017; Breva, 2022; Lomoljo-Bantayan et al., 2023) 
mangrove forests in the Philippines, except for the findings 
of Jumawan et al. (2024), which have lower values since 
they only considered aboveground partitions (refer to 
Table 6 for actual values). Representative sites from other 
nearby countries also show that the findings of this study 
on carbon stock density are lower compared to those in 
Aceh, Indonesia (81.37 Mg C ha-1) (Dewiyanti et al., 2024), 
Selangor, Malaysia (151.40 – 246.21 Mg C ha-1) (Hong et 
al., 2017), Yangon, Myanmar (150.25 Mg C ha-1) (Aye et 
al., 2022); Kerala, India (139.82 Mg C ha-1) (Harishma et 
al., 2020), and Taiwan (134.50 – 292.23 Mg C ha-1) (Lin et 
al., 2023); though, higher than that in Flores Island and 
West Kalimantan, Indonesia (0.56 – 0.78 Mg C ha-1 and 
0.36 – 7.24 Mg C ha-1, respectively) due to their relatively 
younger age (Wiarta et al., 2019; Wirabuana et al., 2025). 

Emphasizing the comparison with other local sites in 
the Philippines, the available locale maps show that the 
typology (urban or rural) can affect the biomass and carbon 
densities, including the CO2 sequestration capability of 
thearea. This can be observed where rural areas have 
significantly higher values than urban areas, albeit it still 
depends on the extent of the mangrove forest. The other 
sites studied based on the reviewed literature have 
extensive coverage compared to the minimal and often 
fragmented coverage of this study’s site. It has been 
documented from previous investigations that fragmented 
forests usually decrease carbon capture and instead 
increase carbon emissions as forest fragmentation 
decreases patch size and increases edge areas, which in 
turn alter microclimate and increase the vulnerability and 
mortality of tree species (Islam et al., 2017; Ma et al., 
2017; Fischer et al., 2021). 

In addition, this study only limits the data to complete 
vegetation partition and neglects the contribution of soil 
carbon. There are existing studies that highlighted the 
significance of soil or sediment to sequester carbon, as the  
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Fig. 5. Combination diagram of biodiversity indices and computed biomass, carbon, and CO2 densities. *Legend: H’ – Shannon-Wiener 
Diversity Index, D – Gini-Simpson Index of Diversity, E – Pielou Equitability Index, R – Margalef Index of Richness, EI – Endemicity 
Index, CII – Conservation Importance Index; UPMAR – Upstream of Marjoya River, MIDMAR – Midstream of Marjoya River, LOWMAR 
– Downstream of Marjoya River, ECOPARK – The City Mangrove Conservation Ecoporak; Agr+ - Agricultural-dominated land use, 
Ant+ - Anthropic-dominated land use, CRA – Coastal-Riparian-Agricultural Blend Ecosystem, Mgt – Human-managed land use. Note: 
The left axis values are intended for biodiversity indices (columns) while the right axis values are intended for biomass, carbon, and 
CO2 densities (lines). 
 
bulk of blue carbon sinks can be traced to the soils 
(Malabrigo et al., 2017; Lomoljo-Bantayan et al., 2023; 
Castillo and Castillo, 2024). If further investigations were 
possible, the results of this study may not be 
underestimated and can be comparable to other urban 
mangrove sites from the reviewed literature. As 
mentioned in the previous section, the researchers did not 
utilize conversion factors to determine the estimated soil 
carbon due to high variability in results across local and 
regional areas. Still, it is recommended that the existing 
edge areas be decreased by linking fragmented forests, 
thereby increasing the patch size along the riparian area. 

Nonetheless, the existing forest cover is still 
important in the city’s carbon capture. Blue carbon 
storage remains an important contributor to global carbon 
capture due to its effective carbon storage, typically 
through its belowground or soil compartment, which can 
even surpass terrestrial ecosystems (Mcleod et al., 2011; 
Rovai et al., 2022; Song et al., 2024). Mangrove forests 
are vital blue carbon sinks, capturing significant amounts 
of carbon and making them essential for national and 
global efforts to reduce carbon emissions. Incorporating 
mangrove conservation and management into climate 
policies can enhance the protection and restoration of 
mangroves. This integration ultimately supports the 
achievement of international climate goals, as outlined in 
the Paris Agreement (Choudhary et al., 2024). 

 
The Relationship of Land Features, Floristic 
Biodiversity, and Carbon Stock 

To further determine the relationship between land use, 
floristic diversity, and carbon stock, a combination 

diagram is created to see how different land use types affect 
biodiversity and carbon storage (Figure 5). The behavior of 
species diversity, particularly the H’ and D indices, are 
related to species richness and evenness: H’ and D are 
higher when the area is species rich, even, or both, though 
H’ is more sensitive to species richness (R) while D is more 
sensitive to species evenness (E) (since D is easily affected 
by dominant species) (Johnson and Burnet, 2016; 
Nagendra, 2002; Strong, 2016). EI and CII values are 
independent of sample size and sampling extent, as they 
utilize different species information, i.e., phytogeographic 
distribution and conservation status, to assess the condition 
of the ecosystem (Bullong et al., 2024). 

Based on the results, agricultural-dominated 
(UPMAR), anthropic-dominated (MIDMAR), and hybrid 
ecosystems comprising Coastal-Riparian-Anthropic 
blend (CRA) are all species diverse, rich, and even in their 
respective land use. This can be supported by the species 
dissimilarity dendrograms, where each sampling station 
significantly differs from the others. The agricultural 
ecosystem adjacent to the riparian vegetation of UPMAR 
harbors species different to MIDMAR station where 
majority of the land use is built-up and the presence of 
exotic species are prevalent, which in turn, is also 
different to the blend of coastal, riparian, and human land 
use (agricultural and residential) ecosystem in 
LOWMAR. This is true of Sabo et al. (2005) mentioned 
that riparian zones “[harbor] different, not more, species,” 
since these ecotonal regions are usually a merger of two 
or more biological communities and are sensitive to the 
ecosystem type with which they are adjacent to (Šálek et 
al., 2013). On the other hand, the human-managed 
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mangrove ecopark (ECOPARK) yields lower 
biodiversity index values and can be traced to habitat 
simplification (e.g., less environmental heterogeneity, 
lower genetic diversity, and vegetation homogenization) 
done by humans as compared to complex ecological 
structures and established biogeochemical cycles present 
in natural environments (Carugati et al., 2018; Zimmer et 
al., 2022; Lin et al., 2024). 

Concerning the relationship between plant diversity 
and carbon stocks, it has already been mentioned in 
previous studies that the relationship is usually scale-
dependent, species composition-dependent, and 
contradictory (Di Marco et al., 2018; Van de Perre et al., 
2018), with some studies showing a positive relationship 
(e.g., Chen et al., 2018; Haq et al., 2024), while some 
firmly assert a weak to negative or no relationship at all 
(Mandal et al., 2014; Banoho et al., 2020; Gebrewahid 
and Meressa, 2020; Sunardi et al., 2020). In the case of 
Marjoya River, higher biomass and carbon stocks were 
observed for agricultural-dominated and anthropic-
dominated landscapes of UPMAR and MIDMAR, 
respectively, while lower in the natural-anthropic hybrid 
ecosystem of LOWMAR. On the other hand, moderate 
results were identified for the human-managed ecopark. 
Based on this, it can be initially thought that anthropic 
landscapes (agricultural, built-up, and managed lands) 
can sequester more carbon than disturbed natural 
landscapes. However, caution should be applied as this 
was not necessarily the case. Referring back to the violin 
plots, the DBH size distribution significantly affected the 
carbon stock of the sampling stations. Moreover, 
taxonomic classification of the species also contributed to 
the differences in the results as genetics govern their 
growth rate and morphometry (i.e., DBH and volume 
sizes), and how the presence of non-native (exotics and 
naturalized) species affected the results as non-native 
species usually grow faster and larger and can accumulate 
biomass quicker (Montesinos, 2022). Therefore, it is 
better to interpret the findings of this study by concluding 
that the relationship between plant diversity and carbon 
stock is not significant and is open to variation. However, 
it is still important to note that land use still plays an 
important role in the efficacy of a certain ecosystem in 
sequestering carbon. Natural ecosystems have more 
complex structures than modified or simplified structures 
in anthropic-dominated landscapes. 

To synthesize, the variances in species composition 
between these sampling stations, despite their proximate 
distances to each other, can be due to the vegetation 
fragmentations, vegetation area, and the land use types 
proximate to it. There is no observed significant 
relationship between plant biodiversity and carbon stock. 
However, human-managed ecosystems like the 
conservation ecopark are an important avenue for blue 
carbon capture efforts, as they can capture and store 
carbon comparably with other natural ecosystems. 

Recommendations for Management and Conservation 
The following narratives are some of the 

recommendations derived from the findings of this study: 
Management of exotic species – The database of 

CABI (2024) and the Global Compendium of Weeds by 
Randall (2017) provide a comprehensive list of invasive 
species, as well as the latter’s inclusion of a global risk 
score, a quantifiable method of prioritizing invasive 
species for management and control (Randall, 2016). 
Controlling the propagation of these exotic species while 
maintaining their socioeconomic importance is necessary 
since some of the recorded species are agriculturally 
important (e.g., A. squamosa and A. heterophyllus are 
fruit-bearing trees), potential phytoremediators (e.g., 
Cenchrus purpureus or Napier grass), and horticulturally 
used (e.g., Monoon longifolium as a landscape 
ornamental) (Belnap et al., 2012). 

Despite the notion that exotic species are fast-growing 
and can sequester more carbon, the long-term benefits of 
native species in carbon sequestration outweigh the 
ecological harm that exotics can do to their non-native 
environment, given the state of global climate volatility 
(Lázaro-Lobo et al., 2023). With the presence of exotics 
in the area, it is recommended that selective thinning be 
implemented for exotic species. Moreover, selected 
exotic species can also act as nurse species to facilitate 
native species regeneration, where short-term carbon 
storage is achieved while the forest transitions from 
exotic to native species (Pritchard et al., 2024). 

Conservation of threatened species – Given the 
urban landscape, the survival of these species requires 
human-assisted conservation efforts. This involves 
prioritizing their growth and reproduction, and the 
possible inclusion of these species as riparian vegetation 
to increase the species richness of the existing 
conservation ecological park of the city. Suggested 
interventions are the following: retaining local native 
vegetation during project developments, promoting 
ecological succession of native species in ruderal areas, 
and prioritizing native and threatened species in urban 
green spaces (McKinney, 2002). 

Utilization of existing flora in urban planning and 
management – As evident by the biodiversity status and 
low carbon capture of the riparian vegetation, it is 
recommended that the available green spaces of the area 
be expanded. This also aligns with the existing documents 
on the target land use plan of the affected barangays, 
specifically focusing on the greenbelt zone along Marjoya 
and Calumpang Rivers. The actual status of the forests 
shows that they are fragmented and are vulnerable to the 
existing exotics thriving in the area. Moreover, it is 
proposed that the identified native threatened species be 
included as cohabitants of the mangrove conservation 
ecopark, as it is under the direct management of the local 
government. On the other hand, to manage the existing 
exotic species, it is recommended that their population be 
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reduced, specifically for aggressive invasive species. In 
addition, some identified exotic species in the area, i.e., 
C. purpureus and Ipomoea aquatica, are supported by 
studies to be great phytoremediators and candidate 
species for establishing constructed wetlands to minimize 
the existing water pollution in the area (Li and Li, 2009; 
Anit et al., 2015; Napaldet and Buot, 2019; Galve et al., 
2021; Guila et al., 2024). 

Policy Formulation and Community Participation – 
Further local policies should be implemented to support 
existing national mangrove conservation and management 
policies. As supported by on-site observations during the 
fieldwork of this study, focus should be given to proper 
solid waste management along the riparian and coastal 
areas to address excessive pollution that affects the local 
biodiversity and land and water quality. Further, the local 
government should implement the appropriate buffer zone 
or easement along riverbanks as this can reduce 
environmental hazards for affected residents (e.g., during 
floods) and ample space for greenery by extending the 
existing mangrove forests and addressing the fragmented 
vegetation land use along the greenbelt zone of the city as 
indicated in their existing land use plan. The mangrove 
rehabilitation and expansion recommendations can also 
serve as biodiversity corridors and enhance ecosystem 
health by treating patch fragments and reducing vulnerable 
forest edges. Nonetheless, community environmental 
awareness is also important, highlighting the need for their 
involvement in government programs and activities, such 
as but not limited to information, education, and 
communication (IEC) campaigns, coastal and river clean-
up drives, project development consultations, and greening 
programs. There is a necessity for multipartite cooperation 
involving the government, private sectors, and the 
community to address the existing issues of the site. 

 

CONCLUSION 
 
The assessments of the riparian floristic diversity and 

carbon stock of the Marjoya River highlight the critical 
role these urban ecosystems play in maintaining 
biodiversity and contributing to carbon capture. The 
study reveals that despite the challenges posed by 
pollution and habitat degradation, the Marjoya River still 
supports a variety of plant species, including native and 
threatened ones, which are essential for the local 
ecosystem's resilience and functionality. Moreover, the 
area remains an important blue carbon sink for the city. 

Key findings show that a total of 59 plant species were 
identified, with a mixture of native and exotic species. 
However, through various biodiversity metrics, the 
moderate species diversity and the alarming presence of 
exotic species populations across sampling stations 
suggest that urban disturbance significantly impacts the 
ecosystem’s health. On the other hand, carbon stock 
assessment shows that the riparian vegetation has 

sequestered approximately 33.657 Mg C, equal to around 
123.521 Mg CO2, thereby contributing to the local carbon 
capture and storage. 

Based on the research findings, conservation 
recommendations were also included, as the study 
underscores the need for effective conservation strategies, 
including protecting threatened species and establishing 
and expanding green spaces. Some of the proposed 
actions include the reduction of the population of exotic 
species, cohabitating threatened species in the established 
conservation eco-park, and utilizing identified species as 
phytoremediators. These measures are vital for enhancing 
the ecological integrity of the urban landscape and 
ensuring the sustainability of the local biodiversity. 

Overall, the findings of this study serve as a call to 
action for local authorities and stakeholders to prioritize 
the conservation of urban riparian ecosystems. By 
implementing proper land use planning and management 
practices, we can safeguard these vital areas against 
further degradation and promote a healthier environment 
for wildlife and the community. The Marjoya River 
stands as a testament to the potential of urban ecosystems 
to thrive amidst challenges, provided that concerted 
efforts are made to protect and restore them. 

 
ACKNOWLEDGMENTS 

 
The authors acknowledge the full support of the Batangas 

City government under the leadership of the Honorable 
Congresswoman Beverley Rose A. Dimacuha (former mayor), 
Honorable Mayor Mario Vittorio A. Mariño (current mayor), 
and the assistance of the City Environment and Natural 
Resources Office (City ENRO) under Mr. Oliver C. Gonzales 
in the conduct and fulfillment of this study. The authors also 
thank the UP Los Baños School of Environmental Science and 
Management (UPLB-SESAM) for providing this wonderful 
research experience. The preliminary findings of this research 
were also presented at the 12th Annual International Conference 
on Environmental Science, held at Palawan State University, 
Puerto Princesa, Palawan, Philippines, from 6–8 November 
2024. The authors are grateful for the constructive feedback 
received from the conference participants, which helped 
improve the quality of this research. Last but not least, the 
authors would also like to acknowledge the journal editors and 
reviewers of the manuscript for their patience, insights, and 
contributions in improving this study. Deo sit Gloria! 

 

LITERATURE CITED 
  
Abino, A.C., Castillo, J.A.A., Lee, Y.J. 2014a Assessment of 

species diversity, biomass and carbon sequestration 
potential of a natural mangrove stand in Samar, the 
Philippines. Forest Sci. Technol. 10(1): 2–8. 

Abino, A.C., Lee, Y.J., Castillo, J.A.A. 2014b Species 
diversity, biomass, and carbon stock assessments of a 
natural mangrove forest in Palawan, Philippines. Pak J. Bot. 
46(6): 1955–1962. 

Alimbon, J.A., Manseguiao, M.R.S. 2021 Species 
composition, stand characteristics, aboveground biomass, 



 
Taiwania Vol. 70, No. 3 

 
 

556 

and carbon stock of mangroves in Panabo Mangrove Park, 
Philippines. Biodiversitas 22(6): 3130–3137. 

Anit, J., Billojan, E., Llaguno, J.K., Malilay, A. 2015 
Phytoremediation of Chromium, Copper and Lead from a 
factory in Marikina City, Philippines using Ipomoea 
aquatica. BIMP-EAGA J. Sustain. Tour. Dev. 4(2): 132–141. 

Aye, W.N., Tong, X., Tun, A.W. 2022 Species Diversity, 
Biomass and Carbon Stock Assessment of Kanhlyashay 
Natural Mangrove Forest. Forests 13(7): 1013. 

Banoho, L.-P.-R.K., Zapfack, L., Weladji, R.B., Chimi 
Djomo, C., Nyako, M.C., Nasang, J.M., Madountsap 
Tagnang, N., Tabue Mbobda, R.B. 2020 Biodiversity and 
carbon sequestration potential in two types of tropical 
rainforest, Cameroon. Acta Oecol. 105: 103562. 

Belnap, J., Ludwig, J.A., Wilcox, B.P., Betancourt, J.L., Dean, 
W.R.J., Hoffmann, B.D., Milton, S.J. 2012 Introduced and 
Invasive Species in Novel Rangeland Ecosystems: Friends or 
Foes? Rangel. Ecol. Manag. 65(6): 569–578. 

Best, J., Darby, S.E. 2020 The Pace of Human-Induced Change 
in Large Rivers: Stresses, Resilience, and Vulnerability to 
Extreme Events. One Earth 2(6): 510–514. 

Borgelt, J., Dorber, M., Høiberg, M.A., Verones, F. 2022 
More than half of data deficient species predicted to be 
threatened by extinction. Commun. Biol. 5(1): 1–9. 

Breva, L.A. 2022 Carbon Storage Potential of Mangrove Forest 
in Quezon Province, Philippines. XV World Forestry 
Congress. Food and Agriculture Organization of the United 
Nations, Rome, Italy. 
https://openknowledge.fao.org/items/61e01e68-17eb-4c0c-
b8b0-fa6724e71e5f 

Bullong, J.R.T., Silverio, J.P., Alafag, J.I., Guron, M.A., 
Napaldet, J.T. 2024 Development of endemicity and 
conservation importance indices for tropical forests and the 
floral diversity assessment of Mt. Natoo in Benguet, 
Philippines. J. Mt. Sci. 21(3): 786–804. 

CABI 2024 CABI Compendium. Centre for Agriculture and 
Biosciences International. 
https://www.cabidigitallibrary.org/journal/cabicompendium 

Cairns, M.A., Brown, S., Helmer, E.H., Baumgardner, G.A. 
1997 Root biomass allocation in the world’s upland forests. 
Oecologia 111(1): 1–11. 

Calzeta, E., Alaira, S., Replan, E., Padilla, C., Cabangbang, 
R.P., Lawas, T., Ancog, R. 2024 Geospatial Biodiversity 
Assessment of Lagadlarin Mangrove Forest in Lobo, 
Batangas, Philippines for Sustainable Ecotourism. J. 
Environ. Sci. Manag. 27(1): 38-49.  

Cañedo-Argüelles, M., Brito, A.C., Sen, I., Roy, R. 2023 
Editorial: Human impacts on river catchments and coastal 
ecosystems: A meta-ecosystem perspective. Front. Mar. Sci. 
10: 1168296. 

Carugati, L., Gatto, B., Rastelli, E., Lo Martire, M., Coral, 
C., Greco, S., Danovaro, R. 2018 Impact of mangrove 
forests degradation on biodiversity and ecosystem 
functioning. Sci. Rep. 8(1): 13298.  

Castillo, J.A.A., Castillo, J.F. 2024 Quantifying and Mapping 
the Ecosystem Carbon Stock of Mangrove Forests in the 
Philippines using machine learning and new-generation 
remote sensing data. Proceedings in Asian Conference on 
Remote Sensing (ACRS 2024). Asian Association on 
Remote Sensing, Colombo, Sri Lanka. 8pp. 

Chave, J., Coomes, D., Jansen, S., Lewis, S. L., Swenson, N. 
G., Zanne, A. E. 2009 Towards a worldwide wood 
economics spectrum. Ecol. Lett. 12(4): 351–366. 

Chave, J., Réjou-Méchain, M., Búrquez, A., Chidumayo, E., 
Colgan, M. S., Delitti, W. B. C., Duque, A., Eid, T., 

Fearnside, P. M., Goodman, R. C., Henry, M., Martínez-
Yrízar, A., Mugasha, W. A., Muller-Landau, H. C., 
Mencuccini, M., Nelson, B. W., Ngomanda, A., Nogueira, 
E. M., Ortiz-Malavassi, E., Pélissier, R., Ploton, P., Ryan, 
C.M., Saldarriaga, J.G., Vieilledent, G. 2014 Improved 
allometric models to estimate the aboveground biomass of 
tropical trees. Glob. Chang. Biol. 20(10): 3177–3190. 

Chen, S., Wang, W., Xu, W., Wang, Y., Wan, H., Chen, D., 
Tang, Z., Tang, X., Zhou, G., Xie, Z., Zhou, D., 
Shangguan, Z., Huang, J., He, J.-S., Wang, Y., Sheng, J., 
Tang, L., Li, X., Dong, M., Wu, Y., Wang, Q., Wang, Z., 
Wu, J., Chapin, F.S., Bai, Y. 2018 Plant diversity enhances 
productivity and soil carbon storage. Proc. Natl. Acad. Sci. 
USA 115(16): 4027–4032. 

Choudhary, B., Dhar, V., Pawase, A.S. 2024 Blue carbon and 
the role of mangroves in carbon sequestration: Its 
mechanisms, estimation, human impacts and conservation 
strategies for economic incentives. J. Sea Res. 199, 102504. 

Churkina, G. 2016 The role of urbanization in the global 
carbon cycle. Front. Ecol. Evol. 3: 144. 

Convention on Biological Diversity n.d. Biodiversity Facts. 
Philippines - Country Profile. Secretariat of the Convention 
on Biological Diversity. 
https://www.cbd.int/countries/profile?country=ph 

Coracero, E.E., Malabrigo, P.J.L., Bambalan, J.M., Palapal, 
I.K.S., Guleng, R.V., Gallego, R.J., Suniega, M.J.A. 2022 
Diversity, Species Composition, and Carbon Stock 
Assessment of Trees in Aurora, Philippines: Variations 
between Preserved and Developed Ecosystems. 
Environmental Sciences Proceedings. 2022 22(1):29. 

Cortez, G.N.G., Ordas, J.A.D., Zamudio, S.G.S., Caguioa, 
C.D.D., Rodriguez, M.A.A., Rubite, R.R., Tandang, D.N., 
Moran, C.B. 2023 The mangal flora diversity of Del 
Carmen Forest on Siargao Island, Philippines. Check List 
19(6): 983–1011.  

Crepin, C. 2013 Getting a Grip on Climate Change in the 
Philippines (Public Expenditure Review 78798). The 
International Bank for Reconstruction and 
Development/THE WORLD BANK. 328pp. 
http://documents.worldbank.org/curated/en/285281468296
160884 

Davis, S., Grainger, M., Pfeifer, M., Pattison, Z., Stephens, 
P., Sanderson, R. 2025 Restoring riparian habitats for 
benefits to biodiversity and human livelihoods: A 
systematic map protocol for riparian restoration approaches 
in the tropics. Environ. Evid. 14(1): 2. 

Decena, S.C.P., Arribado, A.O., Avorque, C.A., Macasait, 
D.J.R. 2024 Estimation of carbon stocks of mangrove 
forests along the Carigara Bay in Leyte, Philippines. Ann. 
Trop. Res. 46(2): 44–74.  

Dewiyanti, I., Khairina, K., El-Rahimi, S.A. 2024 Carbon 
stock estimation of mangrove ecosystem in the Kuta Raja 
Subdistrict, Banda Aceh, Aceh Province. BIO Web Conf. 87: 
02008. 

Di Marco, M., Watson, J.E.M., Currie, D.J., Possingham, H. 
P., Venter, O. 2018 The extent and predictability of the 
biodiversity–carbon correlation. Ecol. Lett. 21(3): 365–375. 

Dimalen, F.K., Rojo, M.J. 2018 Floral diversity of a mangrove 
forest in Cotabato City, Philippines. J. Biodivers. Environ. 
Sci. 13(6): 117–123. 

Dybala, K.E., Matzek, V., Gardali, T., Seavy, N.E. 2019 
Carbon sequestration in riparian forests: A global synthesis 
and meta-analysis. Glob. Chang. Biol. 25(1): 57–67. 

Ferdiansyah, A., Ali, M. 2024 Biodiversity of mangrove 
vegetation in rivers, estuaries and coastal areas in Saronggi 



2025       Bullong et al. : Riparian floristic assessment in Batangas city, Philippines 
 

 
 

557 

Subdistrict, Sumenep. Electr. J. Educ. Soc. Econ. Technol. 
5(2): 197–202. 

Fischer, R., Taubert, F., Müller, M.S., Groeneveld, J., 
Lehmann, S., Wiegand, T., Huth, A. 2021 Accelerated 
forest fragmentation leads to critical increase in tropical 
forest edge area. Sci. Adv. 7(37): eabg7012. 

Gaertner, M., Wilson, J.R.U., Cadotte, M.W., MacIvor, J.S., 
Zenni, R.D., Richardson, D.M. 2017 Non-native species in 
urban environments: Patterns, processes, impacts and 
challenges. Biol. Invasions 19(12): 3461–3469. 

Galve, J.C.A., Sundo, M.B., Camus, D.R.D., Padua, 
V.M.N.D., Morales, R.D.F. 2021 Series type: Vertical 
subsurface flow constructed wetlands for dairy farm 
wastewater treatment. Civ. Eng. J. 7(2): 292–303. 

Garrastazú, M.C., Mendonça, S.D., Horokoski, T.T., 
Cardoso, D.J., Rosot, M.A.D., Nimmo, E.R., Lacerda, 
A.E.B. 2015 Carbon sequestration and riparian zones: 
Assessing the impacts of changing regulatory practices in 
Southern Brazil. Land Use Policy 42: 329–339. 

Gebrewahid, Y., Meressa, E. 2020 Tree species diversity and its 
relationship with carbon stock in the parkland agroforestry of 
Northern Ethiopia. Cogent Biol. 6(1): 1728945. 

Gevaña, D., Pampolina, N. 2009 Plant diversity and carbon 
storage of a Rhizopora [sic] stand in Verde Passage, San Juan, 
Batangas, Philippines. J. Environ. Sci. Manag. 12(2): 1–10. 

Goloran, A.B., Demetillo, M.T., Betco, G.L. 2020. Mangroves 
assessment and diversity in coastal area of Barangay 
Cagdianao, Claver, Surigao Del Norte, Philippines. Int. J. 
Environ. Sci. Nat. Res. 26(3): 69–77. 

Guerry, A.D., Smith, J.R., Lonsdorf, E., Daily, G.C., Wang, 
X., Chun, Y. 2021 Urban Nature and Biodiversity for Cities 
[Policy Briefing]. World Bank. pp. 48. 

Guila, P.M.C., Agaton, C.B., Rivera, R.R.B., Abucay, E.R. 
2024 Household willingness to pay for constructed wetlands 
as nature-based solutions for wastewater treatment in 
Bayawan City, Philippines. J. Hum. Ecol. Sustain. 2(1): 1–17. 

Hammer, Ø., Harper, D.A. T., Ryan, P.D. 2001 PAST: 
Paleontological statistics software package for education 
and data analysis. Palaeontol. Electronica 4(1): 1–9. 

Haq, S.M., Waheed, M., Darwish, M., Siddiqui, M.H., Goursi, 
U.H., Kumar, M., Song, L., Bussmann, R.W. 2024 
Biodiversity and carbon stocks of the understory vegetation as 
indicators for forest health in the Zabarwan Mountain Range, 
Indian Western Himalaya. Ecol. Indic. 159: 111685. 

Harishma, K.M., Sandeep, S., Sreekumar, V.B. 2020 Biomass 
and carbon stocks in mangrove ecosystems of Kerala, 
southwest coast of India. Ecol. Process. 9(1): 31. 

Harvey, J.W. 2016 Chapter 1: Hydrologic Exchange Flows and 
Their Ecological Consequences in River Corridors. In: 
Jones, J. B., Stanley, E. H. (eds.) Stream Ecosystems in a 
Changing Environment. pp. 1–83. Academic Press, Boston, 
Massachusetts.  

Herrmann, B., Cerbule, K., Brčić, J., Grimaldo, E., Geoffroy, 
M., Daase, M., Berge, J. 2022 Accounting for uncertainties 
in biodiversity estimations: A new methodology and its 
application to the mesopelagic sound scattering layer of the 
high arctic. Front. Ecol. Evol. 10: 775759. 

Hong, L.C., Hemati, Z., Zakaria, R 2017 Carbon stock 
evaluation of selected Mangrove forests in Peninsular 
Malaysia and its potential market value. J. Environ. Sci. 
Manag. 20(2): 77–87. 

International Union for Conservation of Nature 2025 The 
IUCN Red List of Threatened Species (Version 2025-1) 
[Dataset]. https://www.iucnredlist.org 

Islam, M., Deb, G.P., Rahman, M. 2017 Forest fragmentation 
reduced carbon storage in a moist tropical forest in 
Bangladesh: Implications for policy development. Land Use 
Policy 65: 15–25.  

Jevon, F., Crown, C.A., Clark, J.A.G., Doroski, D.A., Darling, 
L., Sonti, N.F., Yesilonis, I.D., Dietsch, G., Bradford, M., 
Pregitzer, C.C. 2025 Native trees are responsible for the high 
carbon density in urban natural area forests across eight 
United States cities. J. Appl. Ecol. 62(1): 132–143.  

Johnson, K.V.-A., Burnet, P.W.J. 2016 Microbiome: Should 
we diversify from diversity? Gut Microbes 7(6): 455–458.  

Jumawan, J.H. 2022 Mangrove biodiversity, gis weighted 
overlay analysis, and mapping of suitable areas in Alabel, 
Sarangani Province, Philippines. J. Ecosys. Sci. Eco-Gov. 
4(1): 11–23.  

Jumawan, J.H., Sinogbuhan, A.J., Atienza, D.D., Cadavez, 
R. 2024 Aboveground biomass estimation and tree 
vegetation assessment of Bood Promontory and Eco-Park in 
Butuan City, Philippines after 20 years of establishment. 
Thailand Nat. Hist. Mus. J. 18(1): 17–40. 

Kassambara, A., Mundt, F. 2020 factoextra: Extract and 
Visualize the Results of Multivariate Data Analyses 
(Version 1.0.7) [Computer software]. https://cran.r-
project.org/web/packages/factoextra/index.html 

Komiyama, A., Poungparn, S., Kato, S. 2005 Common 
allometric equations for estimating the tree weight of 
mangroves. J. Trop. Ecol. 21(4): 471–477.  

Lasco, R.D., Pulhin, F.B. 2003 Philippine forest ecosystems 
and climate change: carbon stocks, rate of sequestration and 
the kyoto protocol. Ann. Trop. Res. 25(2): 37–51. 

Lázaro-Lobo, A., Ruiz-Benito, P., Cruz-Alonso, V., Castro-
Díez, P. 2023 Quantifying carbon storage and sequestration 
by native and non-native forests under contrasting climate 
types. Glob. Chang. Biol. 29(16): 4530–4542. 

Lewis, G.P. 2005 Legumes of the world. Royal Botanic 
Gardens, Kew. 
http://catdir.loc.gov/catdir/toc/fy0707/2007386196.html 

Li, W., Li, Z. 2009 In situ nutrient removal from aquaculture 
wastewater by aquatic vegetable Ipomoea aquatica on 
floating beds. Water Sci. Technol. 59(10): 1937–1943. 

Lin, H.-J., Chen, K.-Y., Kao, Y.-C., Lin, W.-J., Lin, C.-W., 
Ho, C.-W. 2023 Assessing coastal blue carbon sinks in 
Taiwan. Marine Research 3(2): 1–17. 

Lin, Y., Luo, Z., Gu, X., Deng, Y., Guo, P., Chen, G., Wang, 
W., Wang, M. 2024 Optimizing mangrove afforestation: 
Mollusc biodiversity comparisons reveal optimal mudflat–
mangrove area ratio. Ecol. Evol. 14(9): e70330. 

Lomoljo-Bantayan, N.A., Tatil, W.T., Dagoc, F.L.S., 
Tampus, A.D., Amparado, R.J.F. 2023 Carbon stock 
assessment of mangrove forests along Macajalar Bay, 
Misamis Oriental, Philippines. Int. K. Adv. Appl. Sci. 
10(10): 36–45. 

Lumbres, R.I.C., Parao, M.R., Jr.Calora, F.G., Laruan, K. 
A., Lee, Y.J. 2012 Species composition and carbon stock 
assessment of trees in Burnham Park, Baguio City, 
Philippines. Korean Society of Forestry Academic 
Conference Papers. 444–446. 

Ma, L., Shen, C., Lou, D., Fu, S., Guan, D. 2017 Ecosystem 
carbon storage in forest fragments of differing patch size. 
Sci. Rep. 7(1): 13173. 

Macklin, M.G., Lewin, J. 2015 The rivers of civilization. 
Quaternary Sci. Rev. 114: 228–244. 

Macklin, M. G., Lewin, J. 2020 The Rivers of Humankind. In: 
Myers, S., Hemstock, S., Hanna, E. (eds.), Science, Faith 



 
Taiwania Vol. 70, No. 3 

 
 

558 

and the Climate Crisis. Emerald Publishing Ltd., Leeds, 
United Kingdom. pp. 29–46. 

Malabrigo, P.J.L., Galang, M.A., Urriza, R.C., Umali, 
A.G.A., Replan, E.L., Dida, J.J.V., Bermundo, R.A.Q., 
Tobias, A. B., Boncodin, J. C. 2017 Mangrove Forest 
Inventory and Estimation of Carbon Storage and 
Sedimentation in Pagbilao. Philippine Statistics Authority 
(PSA) - Wealth Accounting and the Valuation of Ecosystem 
Services (WAVES). 112pp. 
https://www.wavespartnership.org/en/knowledge-
center/mangrove-forest-inventory-and-estimation-carbon-
storage-and-sedimentation-pagbilao 

Mandal, R.A., Yadav, B.K., Jha, S. K., Giri, R.K. 2014 
Evaluating Carbon Stocks and Plant Biodiversity 
Relationship in Tree outside Forests of Terai, Nepal. 
Proceedings of International Conference on Forests, Soil 
and Rural Livelihood in Changing Climate. Conference 
Organizing Committee, Kathmandu, Nepal. pp. 181–193. 

Matzek, V., Lewis, D., O’Geen, A., Lennox, M., Hogan, S.D., 
Feirer, S.T., Eviner, V., Tate, K.W. 2020 Increases in soil 
and woody biomass carbon stocks as a result of rangeland 
riparian restoration. Carbon Balance Manag. 15(1): 16. 

McCabe, D.J. 2011 Sampling biological communities. Nat. Ed. 
Know. 3(10): 63. 

McKinney, M.L. 2002 Urbanization, Biodiversity, and 
Conservation: The impacts of urbanization on native species 
are poorly studied, but educating a highly urbanized human 
population about these impacts can greatly improve species 
conservation in all ecosystems. BioScience 52(10): 883–890. 

Mcleod, E., Chmura, G.L., Bouillon, S., Salm, R., Björk, M., 
Duarte, C.M., Lovelock, C.E., Schlesinger, W.H., 
Silliman, B.R. 2011. A blueprint for blue carbon: Toward 
an improved understanding of the role of vegetated coastal 
habitats in sequestering CO2. Front. Ecol. Environ. 9(10): 
552–560. 

Montesinos, D. 2022 Fast invasives fastly become faster: 
Invasive plants align largely with the fast side of the plant 
economics spectrum. J. Ecol. 110(5): 1010–1014. 

Murphy, D.D. 1988 Challenges to Biological Diversity in 
Urban Areas. In: Wilson, E.O., Peter, F.M. (eds.), 
Biodiversity. National Academies Press, Washington, D.C. 
535pp. https://www.ncbi.nlm.nih.gov/books/NBK219328/ 

Musisi, M., Quadros, C., Sellappan, K. 2025 Impact of 
anthropogenic pollution on the plant species diversity and 
composition along the riparian ecotones of Goa’s Sal and 
Zuari Rivers. Plant-Environ. Interact. 6(2): e70037. 

Nagendra, H. 2002 Opposite trends in response for the 
Shannon and Simpson indices of landscape diversity. Appl. 
Geogr. 22(2): 175–186. 

Naka, L.N., Werneck, F.P., Rosser, N., Pil, M.W., Boubli, 
J.P. 2022. Editorial: The role of rivers in the origins, 
evolution, adaptation, and distribution of biodiversity. Front. 
Ecol. Evol. 10: 1035859. 

Napaldet, J.T. 2023 Plant species and ecosystem diversity 
along national road in mountain sites: The case of Kennon 
Road in Cordillera Central Range, Philippines. Taiwania 
68(3): 339–348. 

Napaldet, J. T., Jr.Buot, I.E. 2019 Treatment of Balili River 
in Benguet, Philippines with constructed wetland planted 
with dominant local macrophytes. Int. J. Phytoremediation 
21(14): 1463–1473. 

Pansit, N.R. 2019 Carbon Storage and Sequestration Potential 
of Urban Trees in Cebu City, Philippines. Mindanao J. Sci. 
Technol. 17: 98–111. 

Pasion, B.O., Barrias, C.D.P., Asuncion, M.P., Angadol, 
A.H., Pabiling, R.R., Pasion, A., Braulio, A.A., Baysa, 
A.M. 2021. Assessing tree diversity and carbon density of a 
riparian zone within a protected area in southern Philippines. 
J. Asia Pac. Biodivers. 14(1): 78–86. 

Pelser, P.B., Barcelona, J. F., Nickrent, D. L. 2011 – onwards. 
Co’s Digital Flora of the Philippines. Co’s Digital Flora of 
the Philippines. http://www.philippineplants.org 

Philippine Statistics Authority 2022 Urban Population of the 
Philippines (2020 Census of Population and Housing) (Press 
Release 2022–271). Philippine Statistics Authority, Quezon 
City, Philippines. 7pp. 
https://psa.gov.ph/system/files/phcd/2022-
12/1_PR_Urban%2520Population_RML_063022_ONS-
signed.pdf 

Phong, L.H. 2015 The Relationship Between Rivers And Cities: 
Influences Of Urbanization On The Riverine Zones – A 
Case Study of Red River Zones in Hanoi, Vietnam. WIT 
Trans. Ecol. Envir. 193: 27–43. 

Pietz, D.A., Zeisler-Vralsted, D. 2021 Water, Civilization, and 
Culture. In: Pietz, D.A., Zeisler-Vralsted, D. (eds.), Water 
and Human Societies: Historical and Contemporary 
Perspectives. Springer International Publishing, Cham, 
Germany. pp. 1–27. 

Pocyoy, M.P., Napaldet, J.T. 2024 Ecological insights on 
communal forests in the tropics: The case of Alapang 
Communal Forest of La Trinidad, Benguet, Philippines. 
Taiwania 69(3): 321–335. 

Postel, S., and Richter, B. 2003 Rivers for Life: Managing 
Water for People and Nature. Island Press, Washington, D.C. 
220pp. 

Pototan, B., Capin, N., Delima, A. G., and Novero, A. 2021 
Assessment of mangrove species diversity in Banaybanay, 
Davao Oriental, Philippines. Biodiversitas 22(1): 144–153. 

Primavera, J. H., Sadaba, R. B., Lebata, M. J. H. L., 
Altamirano, J.P. 2004 Handbook of Mangroves in the 
Philippines - Panay. SEAFDEC Aquaculture Department, 
Iloilo, Philippines. 106pp. 

Pritchard, A.S.E., Larcombe, M.J., Steel, J.B., Lord, J.M. 
2024. Plant diversity under native and exotic forests: 
Implications for transitional forestry in Aotearoa New 
Zealand. Forest Ecol. Manag. 572: 122314. 

R Core Team 2024 R: A language and environment for 
statistical computing (Version 4.3.3) [Computer software]. 
R Foundation for Statistical Computing. https://www.R-
project.org/ 

Randall, R.P. 2016 Can a plant’s cultural status and weed 
history provide a generalised weed risk score? Proceedings 
of the 20th Australasian Weeds. Council of Australasian 
Weeds Society, Inc., Perth, Australia. pp. 5–12. 

Randall, R. P. 2017 A Global Compendium of Weeds, 3rd ed. 
R.P. Randall, Perth, Australia. 3654pp. 

Réjou-Méchain, M., Tanguy, A., Piponiot, C., Chave, J., 
Hérault, B. 2017 BIOMASS: an R package for estimating 
above-ground biomass and its uncertainty in tropical forests. 
Methods Ecol. Evol. 8(9): 1163–1167. 

Rheinhardt, R.D., Brinson, M.M., Meyer, G.F., Miller, K.H. 
2012 Carbon storage of headwater riparian zones in an 
agricultural landscape. Carbon Balance Manag. 7(1): 4. 

Roberts, D.L., Taylor, L., Joppa, L.N. 2016 Threatened or 
Data Deficient: Assessing the conservation status of poorly 
known species. Divers. Distrib. 22(5): 558–565. 

Rojas-Sandoval, J., Ferrufino-Acosta, L., Flores, R., Galán, P., 
López, O., MacVean, A., Rodríguez Delcid, D., Ruiz, Y., 



2025       Bullong et al. : Riparian floristic assessment in Batangas city, Philippines 
 

 
 

559 

Chacón-Madrigal, E. 2023 Flora introduced and naturalized 
in Central America. Biol. Invasions 25(4): 1007–1021. 

Roswell, M., Dushoff, J., Winfree, R. 2021 A conceptual guide 
to measuring species diversity. Oikos 130(3): 321–338. 

Rovai, A.S., Twilley, R.R., Worthington, T. A., Riul, P. 2022 
Brazilian Mangroves: Blue Carbon Hotspots of National 
and Global Relevance to Natural Climate Solutions. Front. 
For. Glob. Change 4: 787533. 

Royer, T.V. 2016 Chapter 12—Human-Dominated Rivers and 
River Management in the Anthropocene. In: Jones, J.B., 
Stanley, E.H. (eds.), Stream Ecosystems in a Changing 
Environment. Academic Press, Boston, Massachusetts. pp. 
491–524. 

Sabo, J. L., Sponseller, R., Dixon, M., Gade, K., Harms, T., 
Heffernan, J., Jani, A., Katz, G., Soykan, C., Watts, J., 
Welter, J. 2005 Riparian Zones Increase Regional Species 
Richness by Harboring Different, Not More, Species. 
Ecology 86(1): 56–62. 

Šálek, L., Zahradník, D., Marušák, R., Jeřábková, L., 
Merganič, J. 2013 Forest edges in managed riparian forests 
in the eastern part of the Czech Republic. Forest Ecol. 
Manag. 305: 1–10. 

Seto, K.C., Güneralp, B., Hutyra, L.R. 2012 Global forecasts 
of urban expansion to 2030 and direct impacts on 
biodiversity and carbon pools. P. Natl. Acad. Sci. 109(40): 
16083–16088. 

Silva, R.R., de Souza-Lima, E.S. 2013 Fabaceae of the Rio São 
Francisco River sub-basin, Nova Marilândia, Mato Grosso, 
Brazil. Biota Neotrop. 13(2): 297–302. 

Sokal, R.R., Michener, C.D. 1958 A statistical method for 
evaluating systematic relationships. University of Kansas 
Science Bulletin 38: 1409–1438. 

Song, W., Hou, Y., Zhu, W., Fan, Y., Xu, H., Cai, C., Li, G., 
Huang, L. 2024 Enhancement effects of mangrove 
restoration on blue carbon storage in Qinzhou Bay. Front. 
For. Glob. Change 7: 1328783. 

Strong, W.L. 2016 Biased richness and evenness relationships 
within Shannon–Wiener index values. Ecol. Indic. 67: 703–
713. 

Sunardi, S., Kaswanto, R.L., Sjaf, S. 2020 Relationship 
between Plant Biodiversity and Carbon Stock in Rural Area 
of Cisadane Watershed. Jurnal Ilmu Lingkungan 18(3): 
610–616. 

Tutor, J.A., Palijon, A.M., Visco, R.G., Castillo, A.S., 
Militante, E.P. 2018 Carbons [sic] Stock Assessment as 
Basis for Public Green Spaces Planning and Management in 
Bacolod City and Iloilo City. WVSU Research J. 7(1): 15–26. 

UN Environment Programme 2023 July 25. An inside look at 
the beauty and benefits of mangroves. Forests. 
https://www.unep.org/news-and-stories/story/inside-look-
beauty-and-benefits-mangroves 

Van de Perre, F., Willig, M. R., Presley, S. J., Bapeamoni 
Andemwana, F., Beeckman, H., Boeckx, P., Cooleman, 
S., de Haan, M., De Kesel, A., Dessein, S., Grootaert, P., 
Huygens, D., Janssens, S. B., Kearsley, E., Kabeya, P. M., 
Leponce, M., Van den Broeck, D., Verbeeck, H., 
Würsten, B., Leirs, H., Verheyen, E. 2018 Reconciling 
biodiversity and carbon stock conservation in an 
Afrotropical forest landscape. Sci. Adv. 4(3): eaar6603. 

Van Meter, K., Thompson, S.E., Basu, N.B. 2016 Chapter 
11—Human Impacts on Stream Hydrology and Water 
Quality. In: Jones, J.B., Stanley, E.H. (eds.), Stream 
Ecosystems in a Changing Environment. Academic Press, 
Boston, Massachusetts. pp. 441–490. 

Wang, J., Shao, Z., Fu, P., Zhuang, Q., Chang, J., Jing, P., 
Zhao, Z., Xu, Z., Wang, S., Yang, F. 2025 Unraveling the 
impact of urban expansion on vegetation carbon 
sequestration capacity: A case study of the Yangtze River 
Economic Belt. Sustain. Cities Soc. 120: 106157. 

Wiarta, R., Indrayani, Y., Mulia, F., Astiani, D. 2019 Short 
Communication: Carbon sequestration by young 
Rhizophora apiculata plants in Kubu Raya District, West 
Kalimantan, Indonesia. Biodiversitas 20(2): 311–315. 

Wilkes, P., Disney, M., Vicari, M. B., Calders, K., Burt, A. 
2018 Estimating urban above ground biomass with multi-
scale LiDAR. Carbon Balance Manag. 13(1): 10. 

Wirabuana, P.Y.A.P., Baskorowati, L., Pamungkas, B., 
Mulyana, B., South, J., Purnobasuki, H., Andriyono, S., 
Hasan, V. 2025 Mangroves, fauna compositions and carbon 
sequestration after ten years restoration on Flores Island, 
Indonesia. Sci. Rep. 15(1): 4866. 

Wohl, E. 2019 Forgotten Legacies: Understanding and 
Mitigating Historical Human Alterations of River Corridors. 
Water Resour. Res. 55(7): 5181–5201. 

World Health Organization n.d. Biodiversity and Human 
Health. Climate Change and Health. 
https://www.who.int/teams/environment-climate-change-
and-health/climate-change-and-health/biodiversity 

World Health Organization 2015 Biodiversity and Health. 
Biodiversity and Health. https://www.who.int/news-
room/fact-sheets/detail/biodiversity-and-health 

Wu, Z., Zhao, Z., Gan, W., Zhou, S., Dong, W., Wang, M. 
2023 Achieving Carbon Neutrality through Urban Planning 
and Design. Int. J. Environ. Res. Public Health 20(3): 2420. 

Zanne, A.E., Lopez-Gonzalez, G., Coomes, D.A., Ilic, J., 
Jansen, S., Lewis, S. L., Miller, R.B., Swenson, N.G., 
Wiemann, M. C., Chave, J. 2009 Data from: Towards a 
worldwide wood economics spectrum (Version 5) [Dataset]. 
Dryad. https://doi.org/10.5061/dryad.234 

Zhang, X., Wu, Y., Gu, B. 2015 Urban rivers as hotspots of 
regional nitrogen pollution. Environ. Pollut. 205: 139–144. 

Zhao, H., Duan, X., Stewart, B., You, B., Jiang, X. 2013 
Spatial correlations between urbanization and river water 
pollution in the heavily polluted area of Taihu Lake Basin, 
China. J. Geogr. Sci. 23(4): 735–752. 

Zhao, L., Li, Y., Zhang, N., Zhang, Z. 2023 Public policies 
and conservation plans of historic urban landscapes under 
the sustainable heritage tourism milieu: Discussions on the 
equilibrium model on Kulangsu Island, UNESCO World 
Heritage site. Built Herit. 7(1): 6. 

Zimmer, M., Ajonina, G.N., Amir, A.A., Cragg, S.M., 
Crooks, S., Dahdouh-Guebas, F., Duke, N. C., Fratini, S., 
Friess, D.A., Helfer, V., Huxham, M., Kathiresan, K., 
Kodikara, K.A.S., Koedam, N., Lee, S.Y., Mangora, 
M.M., Primavera, J., Satyanarayana, B., Yong, J.W.H., 
Wodehouse, D. 2022. When nature needs a helping hand: 
Different levels of human intervention for mangrove 
(re-)establishment. Front. For. Glob. Change 5: 784322. 

 
 
 

Supplementary materials are available from Journal Website 
 
 


