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ABSTRACT

Mangroves support high faunal diversity and provide essential ecological services. However, biodiversity assessments in these
habitats remain constrained by their structural complexity, resulting in limited accessibility, low visibility, and persistent taxo-
nomic gaps. Rapid advances in molecular techniques use environmental DNA (eDNA) metabarcoding as an emerging, powerful
alternative to conventional surveys. However, its effectiveness in tropical systems, such as Philippine mangroves, is constrained by
gaps in publicly available genetic reference data, particularly for invertebrates. To address this, we systematically reviewed 48 years
(1977-2025) of literature records of Philippine mangrove-associated fauna and assessed their representation in public genetic data-
bases to address three questions: (a) What is the current state of faunal biodiversity in Philippine mangroves? (b) How complete are
public genetic reference libraries for eDNA applications? and (c) How can integrating eDNA with conventional surveys enhance
ecological monitoring? We outlined a workflow for literature screening, taxonomic standardization, and programmatic retrieval
and quality-filtering of GenBank accessions. Across 999 species spanning nine phyla, the ray-finned fishes (40.4%) dominated
the records, followed by gastropods (21.7%) and bivalves (16.5%). Only 70.27% of species had at least one mitochondrial marker,
dominated by COI (89.03%), followed by 16S (70.23%), 12S (60.97%), and Cytb (2.45%). Coverage was particularly low for inverte-
brates and some commercially important conservation-relevant fishes, limiting species-level detection in eDNA metabarcoding.
Nevertheless, integrating eDNA with traditional methods increases the detection of cryptic, rare, juvenile, and hard-to-sample
taxa, enabling more comprehensive biodiversity assessments. This combined approach enhances the capacity for spatial and tem-
poral monitoring and supports more informed conservation strategies. Additionally, these data have the potential to enhance
faunal assessments and strengthen biodiversity management practices. Overall, this review underscores the need to expand locally
curated, voucher-linked reference databases through targeted sequencing and highlights how national and regional partnerships
can improve the accuracy and conservation relevance of eDNA-based biodiversity monitoring.
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1 | Introduction

Mangrove forests provide essential ecosystem services, such
as shoreline protection, carbon sequestration, and habitat and
breeding ground for numerous species of flora and fauna and
serve as critical breeding and nursery grounds for many marine
organisms, such as invertebrates, fish, and birds, thereby sup-
porting local and global biodiversity (Honda et al. 2013). The
Philippines, with an extensive coastline and rich marine bio-
diversity, has one of the most diverse mangrove ecosystems in
the world (Long and Giri 2011). However, mangrove ecosystems
in the Philippines are undergoing rapid change. Deforestation,
coastal development, aquaculture expansion, pollution, and
climate change have contributed to habitat degradation and
biodiversity loss in many regions of the country. The cumula-
tive effects of these natural and man-made disturbances reduce
stability and biodiversity in the mangrove ecosystem, which
in turn disrupt the ecological, social, and economic functions
(Dayal et al. 2022). Similar patterns of mangrove decline are ob-
served globally, highlighting the vulnerability of these ecosys-
tems under increasing environmental pressures. Despite their
ecological and socio-economic importance, many components
of mangrove biodiversity in the Philippines remain insuffi-
ciently documented, particularly at the genetic level. Although
the country hosts one of the most extensive mangrove areas in
Southeast Asia, associated mangrove faunal communities re-
main comparatively understudied due to logistical challenges
in accessing mangrove habitats, taxonomic limitations for many
invertebrate groups, a historical research bias toward coral reef
ecosystems, and a long-standing emphasis on applied mangrove
rehabilitation and management rather than baseline biodiversity
assessments. As a result, many components of mangrove bio-
diversity in the Philippines remain insufficiently documented,
particularly at the genetic level. The lack of comprehensive and
accessible genetic reference data further limits the effectiveness
of emerging molecular biomonitoring approaches, such as envi-
ronmental DNA (eDNA) metabarcoding, which rely heavily on
well-curated sequence databases for accurate species detection
and biodiversity assessment.

Environmental DNA metabarcoding has emerged as a power-
ful and innovative tool for biodiversity monitoring, offering a
non-invasive, efficient, and scalable approach to detect species
from environmental samples such as water, soil, or sediment
(Thomsen and Willerslev 2015; Wee et al. 2023). This technique
involves extracting DNA fragments shed by organisms into the
environment and amplifying specific genetic markers to iden-
tify the species present (Hebert et al. 2003; Ruppert et al. 2019).
Compared with traditional survey methods that rely on physical
sampling or direct observation, eDNA metabarcoding enables
detection of both conspicuous and cryptic taxa—including rare,
elusive, or seasonally occurring species—thereby overcoming
many limitations of conventional field techniques. This makes it
particularly valuable for assessing faunal communities in com-
plex ecosystems like the mangroves, where dense vegetation,
high species richness, and habitat heterogeneity often hinder
effective sampling. The application of eDNA metabarcoding has
been demonstrated to significantly enhance biodiversity inven-
tories, reduce sampling effort, and improve species detection
rates, especially in data-poor regions or in areas with limited
taxonomic expertise (Antinero et al. 2024; Naputo et al. 2024).

However, the success of eDNA-based studies is heavily depen-
dent on the availability and completeness of reference sequence
databases (Valentini et al. 2016). Accurate taxonomic identifica-
tion relies on matching the amplified DNA sequences to curated
reference libraries such as GenBank or the Barcode of Life Data
System (BOLD). In regions where such reference data are sparse
or incomplete, particularly for understudied and endemic taxa,
the ability to assign sequences to species or even genera becomes
limited. This results in ambiguous identifications or complete
failure to detect certain species, ultimately undermining the re-
liability and potential of eDNA as a biodiversity monitoring tool.
Thus, while eDNA metabarcoding presents immense promise
for faunal surveys in Philippine mangrove ecosystems, its effec-
tiveness is directly constrained by the current state of genetic
reference data for local fauna.

This challenge may be especially relevant in biodiversity-rich
yet undersampled regions such as the Philippines. Although the
country is recognized as a global hotspot for marine and coastal
fauna, the extent to which mangrove-associated species are rep-
resented in major barcode repositories is unclear and requires
systematic assessment. Preliminary observations suggest that
existing genetic data may be unevenly distributed across taxa,
with greater coverage for commercially important groups and
comparatively limited representation for many ecologically
significant but lesser-known species. If such patterns hold, the
completeness of reference libraries could influence the accuracy
of eDNA-based biodiversity assessments and potentially limit
the detection of the full faunal diversity present in Philippine
mangrove ecosystems.

Understanding the extent and patterns of these potential gaps in
genetic data is essential not only for improving species detection
accuracy but also for informing strategic priorities for barcoding
and sequencing efforts. By determining which taxonomic groups
are adequately represented and which remain undersampled or
unsequenced, researchers and institutions can more effectively
direct resources toward building comprehensive, high-quality,
and locally relevant reference libraries. Enhancing these repos-
itories is a critical step toward strengthening the reliability of
eDNA metabarcoding applications, ultimately supporting more
accurate biodiversity assessments and more informed conserva-
tion and ecological monitoring initiatives.

In this study, we assess the status of genetic reference data for
Philippine mangrove-associated fauna across major barcode re-
positories, evaluating the extent of data availability and identi-
fying critical gaps at both the taxonomic and ecosystem levels.
Specifically, we seek to address the following key questions: (a)
What is the current state of faunal biodiversity documented for
Philippine mangrove ecosystems? (b) What is the current cov-
erage of DNA barcode data (COI, 12S, 16S, Cytb) for Philippine
mangrove-associated fauna across different taxonomic groups?
(c) Which taxa or faunal groups in Philippine mangroves are
underrepresented in public genetic databases, and how do these
gaps affect the potential accuracy of eDNA metabarcoding? (d)
How can the existing barcode repositories inform the selection
of genetic markers and primers for effective biodiversity mon-
itoring of mangrove ecosystems in the Philippines? By doing
so, we highlight the importance of improving molecular refer-
ence resources to support robust, accurate, and science-based
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conservation efforts for the country's mangrove ecosystems,
which are among the world's most important tropical biodiver-
sity hotspots.

2 | Methodology

2.1 | Literature Review and Taxonomic
Standardization

We used the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) framework to systematically re-
view documented species and assess the extent of research on
mangrove-associated fauna in the Philippines. The review pro-
cess adhered to the workflow outlined in Figure 1.

Relevant online literature were retrieved from Google
Scholar, PubMed, Scopus, and Web of Science, covering the
period from 1955 to 2025, using targeted keyword searches
across all databases following Boolean style: TITLE-ABS-
KEY(“mangrove*”) AND TITLE-ABS-KEY(Philippines) AND
TITLE-ABS-KEY(fauna OR animal* OR bivalve* OR mollusk*
OR gastropod* OR cephalopod* OR crustacea* OR decapod* OR
echinoderm* OR polychaete* OR sponge* OR tunicate* OR fish
OR “ray-finned fish” OR amphibian* OR reptile* OR mammal*
OR bird*). PubMed search results were retrieved and processed
in R (version >4.0) using the rentrez, tidyverse, xml2, and openx-
Isx packages. Search results from Scopus, Web of Science, and
Google Scholar were accessed and exported via institutional
subscriptions and manual retrieval, using the same search
strings. Titles, abstracts, and full texts of the identified records
were screened for eligibility. The inclusion criteria for evaluat-
ing the articles that were related to the subject of interest were:
(1) studies conducted in the Philippines; (2) explicit mention of
mangrove-associated fauna; and (3) taxonomic identification to
at least the species level. Articles that did not meet the eligibil-
ity criteria were excluded: (1) studies outside the Philippines; (2)
absence of faunal data; and (3) purely abiotic focus. Inter-rater
reliability between two reviewers was assessed using Cohen's
kappa (k=0.874), indicating strong agreement, following the in-
terpretation benchmark of Landis and Koch (1977). More recent
methodological literature, however, cautions that kappa should
be interpreted in context, as factors such as prevalence bias or
imbalanced ratings can influence its magnitude (e.g., Sim and
Wright 2005; BMC Cancer 2023). Only studies that met all inclu-
sion criteria based on full-text review were retained for the final
analysis. All document types were considered, regardless of in-
dexing status, including research articles, review papers, short
communications, theses, technical reports, and conference pro-
ceedings. Although theses and technical reports are not consis-
tently indexed in major databases, the ones used in this paper
were retrieved through Google Scholar, which indexes institu-
tional repositories and author-uploaded materials. Additional
access points included Web of Science, which occasionally in-
dexes citations to these documents, and ResearchGate, where
authors have deposited publicly accessible copies. This inclusive
approach aimed to maximize documentation of faunal diversity
within Philippine mangrove ecosystems, thereby reflecting the
current extent of species records available in the literature. The
resulting data are intended to support efforts in biodiversity

assessment, conservation planning, and sustainable manage-
ment of mangrove habitats.

Following the literature review, an inventory of the reported
species was compiled. To ensure taxonomic accuracy, spe-
cies names were verified using the World Register of Marine
Species (WoRMS Editorial Board 2022) and cross-referenced
with FishBase (https://www.fishbase.se) and the Catalog of
Fishes (https://www.calacademy.org/scientists/projects/catal
og-of-fishes). This step involved standardizing scientific names,
checking for synonymies, and correcting typographical or spell-
ing inconsistencies.

2.2 | Gene Marker Selection Criteria

Only taxa identified to the species level were considered for
downstream genetic marker analyses. Out of 22 gene markers
considered (13 mitochondrial and nine nuclear), only four mito-
chondrial gene markers (12S rRNA, 16S rRNA, COI, and Cytb)
were retained and selected based on the optimal performance
in species-level detection and recent evaluations on their detec-
tion sensitivity, species-level resolution, amplification reliability,
availability of reference sequences in GenBank, and suitability
for eDNA applications (see Table 1).

2.3 | Data Analysis

For each species identified in the literature, we queried the
National Center for Biotechnology Information (NCBI) GenBank
using R (v4.3.2) with the rentrez package (Winter 2017). A stan-
dardized list of species names, compiled from the literature re-
view, was provided as an excel file and used to perform exact
species-level matching to minimize ambiguity in retrieval. To
target gene markers relevant for eDNA metabarcoding, we ap-
plied a comprehensive set of marker-specific keywords, includ-
ing synonyms and variants for cytochrome c oxidase subunit
I (COI/COX1), 12S rRNA, 16S rRNA, cytochrome b (Cytb), as
well as “mitochondrial genome” terms. These keywords were
searched across multiple metadata fields in GenBank records
(e.g., definition, title, gene, product).

Records annotated as “mitochondrial genome” in GenBank
were not analyzed as whole mitochondrial genome sequences.
Instead, these records were screened and retained only if the
GenBank feature table contained clearly annotated gene regions
corresponding to the target markers (COI, 12S rRNA, 16S rRNA,
and Cytb). When present, the accession was counted under the
respective marker category based on existing gene labels. We did
not perform de novo sequence extraction or trimming from mi-
tochondrial genomes. Marker assignment was based strictly on
GenBank annotations to ensure transparency and reproducibil-
ity. Complete mitochondrial genome entries lacking clear gene
annotations or species-level resolution were excluded from the
dataset.

Sequence inclusion criteria required a minimum length of
300bp and species-level taxonomic identification. Exclusion cri-
teria included nuclear or ambiguous markers, sequence-lacking
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FIGURE1 | PRISMA-based workflow illustrating the review process used in this study.
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taxonomic resolution, or incomplete metadata. Additional qual-
ity filters required associated information, such as specimen
voucher, collection locality, or organelle annotation, where
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% g = B = g‘ considers all available documents, regardless of indexing status,
=4 = = to comprehensively examine historical trends and research inter-
. ests in faunal biodiversity of Philippine mangrove ecosystems.
§ - While the bulk of research on the mangrove ecosystem in the
é o E country has focused on conservation and management, the ecol-
S = % ogy and biodiversity of these important habitats need to be stud-
= N - .
“ 3 = ied more (Fortes and Salmo III 2017).
o %) x 3
- 15} = b5
i 4 S S § Generally, the same pattern is observed in review of mangrove
: § 4 ‘ﬁ é § restoration studies in Southeast Asia, in which the number of
) o . studies on mangrove-associated fauna increased over time. At
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FIGURE 2 | Trends in published studies on associated fauna in Philippine mangrove ecosystems. (a) Temporal distribution of faunal studies,
highlighting a notable increase in research output from the 2000s onward (> 10 articles). (b) Decadal distribution of research disciplines. Ecological
studies comprise the highest proportion of publications in the most recent period (2018-225), indicating a recent shift toward ecological research
relative to other disciplines.
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FIGURE3 | Temporal trend in research studies on mangrove-associated fauna in the Philippines.

present, there is greater emphasis on studying the ecology of
mangrove-associated fauna than on other research disciplines
(Figure 2b). These studies will eventually enhance understand-
ing of conservation efforts by elucidating species relationships
and ecosystem functions, which are important for biodiversity
conservation and management strategies. Meanwhile, fisheries,
systematics, and taxonomic studies have begun to be explored,
serving as a valuable complement to ecological studies by refin-
ing species identification, updating taxonomic records, clarify-
ing species distributions, and delving into the fisheries aspects
associated with each faunal species. However, biological-related
studies have received less attention over the years and need to be
considered, as biological aspects are critical, such as describing
the developmental status of mangrove-associated fauna in rela-
tion to their resilience to sudden or gradual ecosystem change.

3.2 | Geographical Distribution and Taxonomic
Focus of Mangrove Faunal Research in The
Philippines

The earliest records of faunal studies in the mangrove ecosys-
tem of the Philippines address the broader ecology of these
faunal associates. Among these pioneering works, Motoh and
Solis (1977) made a significant report on decapods from Batan
Bay, Panay Island, documenting 15 species belonging to three
families. In the early 2000s, researchers focused on conduct-
ing species-specific studies, such as a collection of the highly
commercial mangrove clams (Anodontia edentula) in Panay
and Guimaras Islands, to monitor recruitment and yields of
the three species of mud crab (Scylla spp.) in the mangroves of
Ibajay, Aklan (Lebata et al. 2007). Conversely, aside from being
species-specific, several studies have been conducted to inves-
tigate diversity and species composition, such as those on fish
assemblages in Panay (Ikejima et al. 2006) and mollusk diversity

in Catanduanes (Masagca et al. 2010) and the Lingayen Gulf
in Pangasinan (Salmo and Duke 2010). Newly recorded spe-
cies were also reported in some areas of the country, like the
two Dolichopodidae (long-legged flies) species in the Province
of Bohol (Ramos et al. 2018), and the two decapod species
Thalassina spinosa (Bedi and Primavera 2018) and T. kelanang
(Albarico et al. 2020) in Ibajay, Aklan, and Sagay City, Negros
Occidental, respectively.

Over the past two decades, there has been a noticeable increase
in research on mangrove-associated fauna in the Philippines,
with the highest number of publications observed beginning
in 2006 and rising over the years. The majority of early studies
focused on mollusks, decapods, and fish (Figure 3). However,
during the early 2000s, research shifted from species-specific
studies to examining faunal diversity across multiple species.
Thus, significant focus has been given to mollusks (particularly
on bivalves and gastropods) over the past ten years compared to
other faunal groups. This shift indicates broader, more expanded
studies, reflecting a more comprehensive understanding of vari-
ous faunal groups and mangrove-associated faunal species.

All major islands of the country were represented. Still, the
majority of scientific outputs came from the Visayas islands
in central Philippines, as indicated by the number of available
literature for each region (Figure 4; Table S1). The faunal doc-
umentations show a wide spatial distribution of short-term
studies; however, the majority of the mangrove areas, including
those with dense mangrove cover, have noticeable gaps on fau-
nal research, specifically in the areas of northern and southern
Luzon; Masbate and most of the eastern parts of Visayas, which
include Leyte and Samar; and Surigao del Norte, Zamboanga,
and the majority of the southern parts in Mindanao. With the
study trends across time and localities, there is still much to be
done in terms of studying the associated fauna in the mangrove
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Mindanao.
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ecosystem of the country. The same observation is apparent in
other regions of the world, such as in other parts of Asia (Rajpar
and Zakaria 2014) and Australia (Hutchings and Recher 1981).
Region 6 (Western Visayas), which includes the islands of Panay
and Negros Occidental, has been widely studied, as evidenced
by the number of available published studies. Most of the studies
in this area have focused on decapods and mollusks. Similarly,
in many other regions of the country, research has predomi-
nantly centered on mollusks.

3.3 | Documented Fauna in Philippine Mangrove
Ecosystems

A total of 999 faunal species belonging to nine distinct phyla, 24
classes, 275 families, and 565 genera from marine, brackish water,
terrestrial, and freshwater environments were documented in
this review (See Table S1). Of the nine identified phyla, Phylum
Chordata, specifically the ray-finned fishes (40.4%, n=404),
had the most extensive species list. This could be because many
studies on finned fish were geared toward broader assessments
rather than species-specific studies. Of the faunal groups listed,
ray-finned fishes also account for the highest number of recorded
species followed by gastropods (21.7%, n=217) and bivalves
(16.5%, n=165), then decapods (7.4%), birds (6.3%), echinoderm
(2.2%), reptiles (1.4%), mammals (1.0%), amphibians (0.8%), tuni-
cates (0.3%), chiton (0.2%) and brachiopods, cephalopods, crus-
taceans, nematodes, peanut worm, polychaetes, sea jellies and
sponges with (0.1%) each (Figure 5). In comparison with neigh-
boring countries in Southeast Asia, reported mangrove-associated

36%

3%

Commercial
Highly Commercial
Minor Commercial

I No Information

B Of No Interest

B Subsistence Fisheries

marine fauna vary considerably. For example, there are ~730 ma-
rine faunal species that have been documented in Malaysia, com-
posed of 138 fish species, 384 gastropod species (e.g., Baharuddin
et al. 2018, 2019) and 206 bivalve species (Hamli et al. 2021);
while there are >4130 species in Vietnam composed of >2000
fish species (e.g., Van Nguyen and Mai 2020), ~1500 gastropod
species (e.g., Nhat et al. 2025) and 814 bivalve species (Zvonareva
et al. 2019; Lutaenko 2016); > 4700 species in Thailand composed
of > 2100 fish species (e.g., Derrick et al. 2017; Eiamsa-Ard and
Amornchairojkul 1997), <2000 gastropod species and ~600 bi-
valve species (Sanpanich 2011; Sanpanich and Duangdee 2013;
Wells et al. 2021); and >4300 species in Indonesia composed of
~3700 fish species (e.g., Allen and Adrim 2003; Peristiwady 2021)
and >665 marine mollusk species (Hutomo and Moosa 2005;
Kartika and Mu 2014). This reflects the extensive national inven-
tories across multiple coastal habitats. However, such differences
should be interpreted cautiously, as species counts are influenced
by variation in spatial coverage, taxonomic resolution, habitat in-
clusion criteria, and research intensity rather than representing
direct biodiversity contrasts. These regional comparisons high-
light a shared challenge across Southeast Asia. At the same time,
the region is globally recognized as a marine biodiversity hotspot,
and mangrove-associated fauna remain unevenly documented,
with research often concentrated on commercially valuable
groups such as fishes, gastropods, and bivalves. Similar patterns
are evident in the Philippines, where commercially important
taxa receive disproportionate attention relative to less conspicu-
ous invertebrate and non-commercial groups. Finfish and some
mollusks, such as bivalves and gastropods, have gained consid-
erable attention because they generate quite high market values

M
2 ®

18 12

Visayas

FIGURE 5 | Circular plot showing the composition of faunal groups documented in mangrove ecosystems of the Philippines. Emphasis is given

on the economic significance of ray-finned fishes (Class Actinopterygii), which represent a major component of the reported fauna.
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(Hutchison et al. 2014) and are among the primary foods for the
majority of individuals, especially in coastal areas. The economic
importance of fisheries further underscores the significance of
understanding fish and macroinvertebrate communities. Other
faunal groups, on the other hand, received comparatively less at-
tention, primarily due to their perceived lack of direct importance
to consumers. Unlike fish, bivalves, and gastropods, these other
groups might not have the same immediate economic impact or
widespread consumption, resulting in reduced emphasis in re-
search. Importantly, while regional species inventories provide
insight into faunal richness patterns across Southeast Asia, the
utility of these biodiversity records for contemporary monitoring
depends increasingly on the availability of corresponding genetic
reference data. Disparities in molecular representation within
public databases therefore mirror differences in species docu-
mentation across countries. In this context, evaluating the genetic
coverage of documented Philippine mangrove fauna becomes
essential, as incomplete reference libraries directly constrain the
effectiveness of environmental DNA (eDNA) metabarcoding for
biodiversity assessment and cross-regional comparability.

Among the 404 species documented within the Class
Actinopterygii, only 14 were classified as Highly Commercial,
accounting for only 3.47% (Figure 5; Table S1). These highly
commercial species include Channa striata (Striped snake-
head), Chanos chanos (Milkfish), Epinephelus malabaricus
(Malabar grouper), Hilsa kelee (Kelee shad), Hippocampus kuda
(Spotted seahorse), Hypophthalmichthys nobilis (Bighead carp),
Lates calcarifer (Barramundi), Lethrinus lentjan (Pink ear em-
peror), Lutjanus lutjanus (Bigeye snapper), Muraenesox cinereus
(Daggertooth pike conger), Oreochromis niloticus (Nile tilapia),
and Sardinops melanostictus (Pacific sardine). Species classi-
fied as Commercial and Minor Commercial made up the ma-
jority, with 146 (36.14%) and 113 (27.97%) species, respectively.
Although a significant portion of the documented fishes has
commercial importance, at least 31 species (7.67%) were reported
to have no commercial value (or of no interest). Additionally, 24
species, comprising 5.94%, were identified for subsistence fish-
eries, while 76 (18.81%) species have no data about their human
uses (Figure 5). For ray-finned fishes, commercially valued spe-
cies were mostly documented, supporting the mangrove ecosys-
tem's role in fisheries and food security (Pantallano et al. 2018).

The literature search shows that many mangrove-associated
taxa are poorly documented in terms of the employment of mo-
lecular data or are sparsely reported in the literature, despite
spanning 48years (1977-2025). Many faunal groups were rep-
resented by fewer than five species across all published studies
combined, including brachiopods, cephalopods, chitons, crus-
taceans, nematodes, peanut worms, polychaetes, sea jellies,
sponges, and tunicates. At the same time, the following groups
have species with minimal documentation relative to expected
biodiversity levels: insects, amphibians, and reptiles.

Globally, mangrove ecosystems harbor exceptionally diverse
and unique faunal assemblages (Nagelkerken et al. 2008; Lee
et al. 2014). The relatively low species counts documented in
the Philippines, despite its status as a megadiverse country,
suggest that large components of mangrove biodiversity re-
main overlooked. Understudied groups often include cryptic,
small-bodied, or soft-bodied taxa that are difficult to survey

morphologically but can be detected efficiently using eDNA ap-
proaches, provided reference sequences exist (Stat et al. 2017).
The lack of molecular data, therefore, represents a major bot-
tleneck in closing the knowledge gap for Philippine mangrove
fauna. These small counts suggest either a true low mangrove
association or substantial under-sampling, both biologically and
genetically. Many of these taxa inhabit microhabitats (e.g., sed-
iment and cryptic niches) that are less frequently sampled and
difficult to access, contributing to their underrepresentation in
biodiversity inventories and genetic repositories. Sequencing,
however, is not inherently limiting once representative samples
are obtained.

3.4 | Genetic Data on Documented Mangrove
Fauna in The Philippines: Applicability to eDNA
Metabarcoding

Molecular data revealed that of the 999 documented mangrove-
associated fauna, 70.27% (n=702) of species had at least one
available gene marker, indicating that a substantial portion of
the fauna has been partially characterized in global barcode re-
positories such as NCBI and BOLD. Whereas 29.73% (n=297)
of species lack molecular data (Figure 6a; Table 1). This pattern
indicates that although a considerable portion of the Philippine
mangrove fauna has been genetically characterized, nearly one-
third remains unrepresented in the barcode database. Such
gaps are consistent with global assessments showing that ref-
erence libraries for biodiversity monitoring continue to suffer
from substantial taxonomic and geographic biases, particu-
larly in species-rich tropical ecosystems such as mangrove for-
ests, which are often undersampled relative to their diversity
(Weigand et al. 2019; Porter and Hajibabaei 2020). Additionally,
this reflects long-standing global patterns in molecular repos-
itories, where molecular data are concentrated in well-studied
groups and economically valuable species. At the same time,
many ecologically important taxa receive little attention (Stat
et al. 2017).

Furthermore, these deficiencies highlight the need to expand
and sustain molecular documentation efforts to improve refer-
ence databases, as current barcode repositories still capture only
a fraction of species diversity, limiting the accuracy and com-
pleteness of downstream applications such as eDNA metabar-
coding and conservation assessments (Hickerson et al. 2006;
Leray and Knowlton 2015; Berba and Matias 2022; Schmid
et al. 2025). Because eDNA metabarcoding relies on accurate,
taxonomically validated reference sequences, the lack of molec-
ular data for nearly 300 mangrove-associated species poses a
substantial barrier to biodiversity detection. Incomplete barcode
libraries in eDNA-based monitoring lead to false negatives, am-
biguous taxonomic assignments, or restricted detection at higher
taxonomic levels (Deiner et al. 2017; Zinger et al. 2019; Weigand
et al. 2019; Ruppert et al. 2019; Porter and Hajibabaei 2020).

Figure 6a also shows that marker availability varied across
the four targeted mitochondrial genes used in eDNA metabar-
coding (125, 16S, COI & Cytb), with considerable variability in
representation across taxonomic groups. Among species with
available molecular data, COI emerged as the most represented
marker (625 species; 89.03%), followed by 16S (493 species;
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FIGURE 6 | (a) Clustered pie chart summarizing mitochondrial marker availability. The inner circle represents the proportion of ‘with’ and
‘without available’ markers, while the outer circle shows the relative coverage of each of the four mitochondrial markers (125, 16S, COI, and Cytb)
among marker-positive samples. (b) Bar and line plot showing mitochondrial gene coverage (%) across major animal groups with corresponding total

species counts. The bar plot represents the coverage of four mitochondrial markers, while the red line indicates the total number of species per group.

70.23%) and 12S (428 species; 60.97%), which exhibited moder-
ate representation, while Cytb had the least representation (298
species; 42.45%). The higher coverage of COI is consistent, given
its long-standing role in global DNA barcoding initiatives and its
extensive inclusion in barcode databases, where COI constitutes
the backbone of animal barcoding datasets (Hebert et al. 2003;
Ratnasingham and Hebert 2007; Porter and Hajibabaei 2020).
However, despite this dominance, recent studies have raised
concerns about taxonomic biases and incomplete COI reference
libraries, particularly for understudied or ecologically import-
ant taxa (Weigand et al. 2019). The wide availability of COI
underscores its utility in molecular biodiversity studies and its
importance in reference databases that power DNA barcod-
ing and eDNA metabarcoding workflows, but its prevalence
also reflects historical and economic priorities in sequencing
(Keck et al. 2023). The 16S gene, frequently used in vertebrate
and invertebrate metabarcoding surveys, showed consistent

results, underscoring the growing reliance on this marker for
eDNA assessment in marine and freshwater systems (Deiner
et al. 2017). Similarly, the 12S gene, a commonly preferred
marker for vertebrate eDNA studies due to its short amplicon
size and reliable taxonomic resolution, continues to be validated
in recent research. Previous studies comparing primer sets have
highlighted the advantages of the 12S primer, which often out-
performs other markers in detecting fish diversity and in other
marine vertebrates, particularly in fragmented habitats such
as mangrove forests (Zhang et al. 2020). Moreover, benchmark
studies on detecting marine fishes using eDNA show trade-offs
among 128, 16S, and COI markers in terms of taxonomic res-
olution and amplification efficiency, highlighting the need for
careful marker selection (Fontes et al. 2024). However, meth-
odological challenges remain; for instance, variation in primer
performance and DNA polymerase can significantly affect 12S-
based eDNA detection (Min et al. 2023).
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Meanwhile, Cytb, which is typically employed in more spe-
cific phylogenetic studies, showed the lowest availability rep-
resented in public databases. This pattern has been reaffirmed
in recent barcode gap analyses (Berba and Matias 2022). The
limited coverage of Cytb reflects its secondary use compared
to 1285, 16S, and COI in genetic barcoding initiatives, as well
as its more specialized role in biodiversity research (Hoban
et al. 2022; Min et al. 2023; Fontes et al. 2024). The underrep-
resentation of Cytb may reduce its utility and detection sensi-
tivity for some taxa as well as limit marker selection flexibility
for Philippine mangrove in metabarcoding approaches, par-
ticularly for high-resolution species identification in certain
taxonomic groups, which is why there is a need for targeted
sequencing efforts to fill this gap (Berba and Matias 2022;
Hoban et al. 2022). These patterns displayed an unbalanced
distribution of molecular information across gene regions,
with a strong dominance of COI and relatively limited avail-
ability of short-fragment ribosomal markers (12S and 16S),
which are most relevant to contemporary eDNA metabarcod-
ing analysis. The underrepresentation of 12S and Cytb, in par-
ticular, could reduce taxonomic resolutions for some groups
and limit detection sensitivity in eDNA-based surveys. This
is crucial, as ribosomal RNA genes such as 12S and 16S are
often preferred for detecting a wide array of taxa in environ-
mental DNA monitoring due to their broad universality and
robust amplification from degraded DNA samples (Deiner
et al. 2017).

Subsequently, the distribution of molecular reference coverage
among major taxonomic groups (Figure 6b; Table 1) reveals
substantial differences in genetic representation among the
Philippine mangrove-associated fauna. Across the 87,489 re-
trieved reference sequences of the selected gene markers rep-
resenting 702 species with available molecular data, patterns
are highly uneven, aligning with strong taxonomic biases ob-
served in global barcode repositories and highlighting both
well-represented groups and those that remain severely under-
studied. These inequities mirror well-documented international
assessments showing that barcode libraries disproportionately
favor commercially valuable, easily accessible, or historically
well-studied taxa, while many ecologically critical marine
invertebrates remain severely underrepresented (Leray and
Knowlton 2015; Bucklin et al. 2021).

Ray-finned fishes constitute the largest molecularly repre-
sented group (285 species; 35,486 sequences), with COI repre-
senting more than half of all sequences (57.8%), followed by
Cytb (30.2%), while 16S (8.4%) and 12S (3.6%). This pattern re-
flects long-standing momentum from the Fish Barcode of Life
Initiative (FISH-BOL) and extensive COI sequencing efforts
integrated into BOLD and GenBank, which have prioritized
barcoding for fisheries monitoring and biodiversity assess-
ments globally. The strong representation of ray-finned fishes
shows comparatively high readiness for eDNA-based detection
using COI, yet the limited 12S and 16S representation remains
a bottleneck for modern vertebrate metabarcoding assays,
which rely heavily on these genetic markers for broad verte-
brate detection (Miya et al. 2015; Weigand et al. 2019; Porter
and Hajibabaei 2020; Polanco et al. 2021). Thus, even within
well-studied taxa, marker-specific gaps can limit the detection
sensitivity of high-throughput eDNA workflows.

The groups of Bivalves (114 species; 20,259 sequences) followed
the Ray-finned-fishes in the next most represented groups,
though marker distribution varies considerably. In Bivalves,
marker distribution is strongly skewed toward 16S (66.37%) and
COI (31.74%). Coverage of Cytb (1.63%) and 12S (0.26%) remains
minimal. These patterns mirror global challenges in molluscan
barcoding, particularly for taxa with cryptic species boundar-
ies, high intraspecific divergence, and complex life histories to-
ward COI sequencing factors that have limited the development
of balanced reference libraries for alternative markers (Sun
et al. 2016; Van Der Loos and Nijland 2021; Bursi¢ et al. 2021).
Gastropods followed with 113 species (9802 sequences), with
very strong COI representation (82.77%) relative to 16S (14.92%).
However, as with bivalves, the markers 12S (2.29%) and Cytb
(0.03%) remain poorly represented. This COI-dominant profile
reflects the historical focus of mollusk barcoding initiatives on
COls, leaving substantial gaps in other markers commonly used
in eDNA metabarcoding.

Decapods (59 species; 7268 sequences) and Echinoderms (18
species; 7079 sequences) exhibit similar COI biased profiles. For
Decapods, COI accounts for 71.97% of all sequences, followed
by 16S (22.47%), 12S (2.88%), and Cytb (2.68%). In Echinoderms,
COI (80.29%) has the highest number of available reference se-
quences, followed by 16S (18.03%), 12S (1.67%), and Cytb (0.01%).
Such patterns reflect global trends in which crustaceans and
echinoderms are taxonomically complex, morphologically vari-
able, and undersampled for non-COI markers (Collin et al. 2020;
Hestetun et al. 2020). The scarcity of 12S and Cytb sequences in
both groups limits their detectability by vertebrate- and broad-
metazoan metabarcoding assays commonly used in tropical
coastal ecosystems.

The remaining vertebrates and select invertebrate groups show
progressively weaker molecular representation. Birds with 52
species comprising (3090 sequences), having moderate COI
with (43.14%), followed by Cytb (31.52%), then 16S (22.27%),
and 12S with (3.07%). Amphibians have 8 species (1219 se-
quences), comprising COI (37.65%), 16S (34.13%), 12S (20.67%),
and Cytb (7.55%). Next to it is the Mammal group, with nine
species (915 sequences), subdivided by genetic markers: Cytb
(70.38%), COI (23.39%), 12S (3.93%), and 16S (2.30%). At the
same time, Reptiles have 11 species (771 sequences), with COI
(49.03%), Cytb (28.27%), 16S (15.43%), and 128 (7.26%). All ex-
hibit moderate COI and Cytb coverage but limited availability
of high-performing eDNA markers, such as 125 or 16S libraries,
an issue repeatedly highlighted in the vertebrate eDNA moni-
toring literature (Ruppert et al. 2019; Wilting et al. 2021). This
mismatch is particularly important for mangrove ecosystems,
where vertebrates, especially birds and reptiles, serve as indi-
cators of ecosystem integrity but are challenging to detect using
eDNA surveys.

Furthermore, a few phyla display extremely low representa-
tion despite documented occurrence in Philippine mangroves,
such as Peanut Worms, with only one species (539 sequences)
having Cytb (45.08%), COI (41.56%), 16S (13.17%), and 12S
(0.19%). Similarly, the Insect group is represented by only five
species (344 sequences), with sequences predominantly from
COI (79.94%), followed by 16S (9.88%), 12S (5.81%), and Cytb
(4.36%). The Crustacean group, excluding the Decapods, was
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represented by one species (285 sequences), with marker dis-
tribution dominated by COI (94.39%), followed by 12S (4.21%),
16S (1.05%), and Cytb (0.35%). Then the Polychaete group with
only one species (282 sequences), having both COI (50.71%) and
16S (49.29%). This is followed by the Cephalopod group, which
also has one species (76 sequences), and is represented by the
16S gene marker (100%). Additionally, the groups of Chiton and
Tunicates have two species, each having (65 total sequences) and
(nine sequences) respectively, with Chiton having gene markers
COI (89.23%) and 16S (10.77%). On the other hand, Tunicates
are represented exclusively by the 16S genetic marker (100%),
indicating extremely limited marker availability for this group.
This restricted representation highlights broader challenges in
generating comprehensive reference libraries for certain ma-
rine invertebrates. Similar patterns have been reported glob-
ally, particularly for taxonomically complex or understudied
taxa that remain poorly represented in molecular repositories
(Zinger et al. 2019). As a result, their minimal genetic coverage
severely constrains eDNA-based biodiversity detection because
taxa lacking robust reference sequences are effectively invisible
to metabarcoding assays, regardless of their ecological presence.

On the contrary, among 29.73% (n=297) species with no genetic
data, including the groups of Brachiopods, Nematodes, Sea Jellies,
and Sponges, with only one (0.34%) species being documented for
each. These taxonomic groups remain largely unrepresented in
genetic repositories. This gap highlights the need for extensive
genetic sampling in mangrove ecosystems, particularly of groups
crucial to understanding their biodiversity, to determine the steps
for biomonitoring and which fauna require urgent protection. On
the other hand, even within species-rich groups, some species
lack available reference sequences for the selected genetic mark-
ers. Ray-finned fishes account for the largest deficit, with 119
species (40.07%) lacking molecular data, of which 66 are com-
mercially important taxa. These include high-value species such
as Muraenesox cinereus (Forsskdl, 1775) and conservation concern
species such as Hippocampus comes (Cantor, 1850; Vulnerable).
Additionally, two species were Data Deficient: Acanthopagrus
datnia (Hamilton, 1822) and Stolephorus waitei (Jordan & Seale,
1926). At the same time, some species are Not Evaluated: Sillago
maculata (Quoy & Gaimard, 1824) and Strongylura strongylura
(van Hasselt, 1823).

Furthermore, 31 species have no information in terms of their
economic value. Still, about their TUCN status, four were Data
Deficient: Arcygobius baliurus (Valenciennes, 1837), Fibramia
amboinensis (Bleeker, 1854), Gobiopterus stellatus (Herre, 1927),
and Neostethus amaricola (Villadolid & Manacop, 1934), four
were Not Evaluated: Chelonodon reticulatus, Microgobius stella-
tus, Uropterygius hades, and Yongeichthys criniger (Valenciennes,
1837), and the rest are categorized as Least Concern. Knowledge
gaps of this magnitude are especially problematic because high-
value and threatened species are often primary targets for mon-
itoring but cannot be detected using eDNA without reference
sequences (Gold et al. 2022). On the other hand, gastropods have
84 species (28.28%), followed by Bivalves and Decapods, with 51
(17.17%) and 15 (5.05%) species, respectively. The Echinoderms
and Insects both have four species (1.35% each). Reptiles have
three species (1.01%), and both Mammals and Tunicates have
one species (0.34%), with no genetic data available for the se-
lected genetic markers.

When compared with regional efforts in Southeast Asia, the
Philippine barcode coverage gaps reveal both parallels and con-
trasts. For instance, a DNA-based taxonomic survey of fishes
in the Merbok Estuary in Peninsular Malaysia uncovered 139
Molecular Operational Taxonomic Units (MOTUs) from 350
specimens, exceeding the 134 species initially identified by mor-
phology (Zainal Abidin et al. 2021). This cryptic diversity un-
derscores underappreciated taxonomic complexity in Southeast
Asian mangrove fish communities, a complexity that may also
be underdetected in the Philippines due to missing reference se-
quences. Moreover, similar barcode library construction efforts
in Southern China's Greater Bay Area have produced verified
COI libraries for >100 species of mangrove-associated crabs
and gastropods (Bravo et al. 2021), demonstrating that more
balanced regional barcoding is feasible and thereby highlight-
ing the relative underdevelopment of molecular coverage in the
Philippine mangrove context (Bravo et al. 2021). Conversely,
evaluations of barcode completeness in the Western and Central
Pacific Ocean, including regions of high mangrove biodiversity,
reveal significant gaps: COI coverage may reach only moderate
levels in some phyla, while sequence quality and taxonomic
annotation remain problematic (Zhou et al. 2025). These com-
parative insights emphasize that although barcode gaps are
widespread, the particularly low representation of invertebrate
lineages in Philippine mangroves may be more severe than in
some neighboring regions, reinforcing an urgent need for re-
gionally coordinated barcoding initiatives.

A set of clear priorities emerges from this review for strength-
ening eDNA-based biodiversity assessment in Philippine
mangroves. First, a targeted national barcoding initiative is
essential, with priority given to sequencing the 297 species
currently lacking markers and to improving coverage for un-
derrepresented phyla such as polychaetes, sponges, tunicates,
and nematodes. Coordinated sampling across bioregions and
seasons, paired with the strategic use of museum specimens
and ethically sourced market specimens, would greatly accel-
erate reference library development (Bemis et al. 2023; Schmid
et al. 2025). Second, adopting a multi-marker metabarcoding
framework that combines short 12S/16S assays for vertebrates,
COI panels for invertebrates, and Cytb for selected taxa will im-
prove detection breadth, provided that marker performance is
validated both in silico and experimentally (Xiong et al. 2022;
Wang et al. 2023). Marker choice should always be guided by the
local completeness of reference databases. Third, implementing
a voucher-driven workflow that synchronizes field surveys with
morphological identification and multilocus sequencing will re-
duce taxonomic errors and strengthen confidence in species as-
signments (Deiner et al. 2017; Bemis et al. 2023). Strengthening
regional coordination with neighboring Southeast Asian pro-
grams, including Malaysia and southern China, can further
expand barcode coverage for shared mangrove taxa and harmo-
nize methodologies (Bravo et al. 2021; Zainal Abidin et al. 2021).
At the policy level, prioritizing barcode generation for commer-
cially important and threatened species will immediately en-
hance fisheries monitoring, conservation planning, and TUCN
assessments by embedding molecular data generation into na-
tional biodiversity frameworks.

Methodologically, detectability remains a critical consider-
ation in eDNA workflows. Although COI is the most abundant

14 of 19

Environmental DNA, 2026

85US0 |7 SUOWWOD BAFe81D) 8|qedl|dde au Aq peusenob ke Spiie YO ‘SN 0 S8|nJ 10} ArIg1TaUIIUO AB]IM UO (SUOTHPUOD-PUE-SWLBH LD A8 | 1M AReq 1 BU1|UO//SARY) SUOIIPUOD pUe WS | 8U188S *[9202/0T/T0] Uo AfeiqIT8ulluO A8|IM ‘082Z0. €EUPS/Z00T OT/I0p/W0d" A3 | 1M ARe.q 1 Bul|U0//SONY WO} PAPEOIUMOQ ‘€ ‘9202 ‘EV6Y.E9C



marker in public repositories, its typical amplicon length makes
it less suitable for degraded environmental DNA, whereas short-
amplicon 125 and 16S markers substantially improve vertebrate
detectability but depend heavily on adequate reference coverage
(Wilting et al. 2021; Wang et al. 2023). Given current marker
gaps in the Philippines, an effective short-term strategy is to
deploy parallel assays pairing short 12S/16S vertebrate primers
with COI mini-barcodes for invertebrates and to interpret out-
puts using a context-aware assignment pipeline that reports con-
fidence levels and flags ambiguous sequences for voucher-based
follow-up (Weigand et al. 2019; Xiong et al. 2022). Together,
these recommendations provide a practical roadmap for en-
hancing the accuracy, resolution, and conservation relevance of
eDNA metabarcoding in Philippine mangrove ecosystems.

3.5 | Integrating eDNA Metabarcoding With
Traditional Biodiversity Surveys to Enhance
Monitoring and Conservation in Philippine
Mangroves

The integration of environmental DNA metabarcoding with
traditional biodiversity assessment offers a powerful, comple-
mentary framework for monitoring Philippine mangrove eco-
systems. Traditional surveys such as netting, trapping, visual
censuses, and expert-based species identification remain foun-
dational for validating species presence, documenting mor-
phology, and providing voucher specimens. However, many
mangrove-associated fauna in the Philippines inhabit cryptic,
sediment-rich, or structurally complex habitats, making con-
ventional sampling difficult, labor-intensive, and often incom-
plete. This is especially true for small-bodied fishes, nocturnal
or burrowing invertebrates, and soft-bodied taxa such as tuni-
cates and sponges. eDNA metabarcoding, which detects DNA
shed into the environment, has the potential to overcome
these limitations by capturing a broader range of taxa with
minimal disturbance (Thomsen and Willerslev 2015; Deiner
et al. 2017).

In a megadiverse but understudied setting like the Philippines,
where 999 mangrove-associated faunal species were identi-
fied in this review, many groups still remain severely under-
documented, and the eDNA tools can substantially expand
detection capacity. For instance, cryptic or low-abundance taxa
that are rarely encountered in field surveys can be detected
from small-volume water samples, reducing sampling bias (Stat
et al. 2017). Additionally, the eDNA tool enables temporal rep-
lication at lower cost, allowing monitoring programs to detect
seasonal shifts, recruitment events, or population declines in
real time, a capacity rarely feasible through traditional meth-
ods alone (Bohmann et al. 2014). However, the effectiveness of
eDNA metabarcoding is constrained by the completeness and
accuracy of reference databases. In the Philippines, important
gaps persist: 297 mangrove-associated species lack any genetic
marker, while others are represented only by COI, which is often
used for short-read eDNA assays. This mismatch between eDNA
markers (12S & 16S) and available reference sequences can lead
to false negatives, incomplete community profiles, or ambig-
uous taxonomic assignments (Goldberg et al. 2015; Weigand
et al. 2019). Consequently, species may be present in the envi-
ronment but remain undetected due to insufficient barcode

coverage, a limitation particularly evident for mollusks, echino-
derms, decapods, and other understudied phyla.

Primer choice further affects detection breadth. While prim-
ers such as MiFish-U and MiDeca-U have demonstrated strong
amplification performance for fishes and decapods (Polanco
et al. 2021; Madduppa et al. 2022), their effectiveness is ulti-
mately dependent on the representation of target taxa in refer-
ence databases (Antinero et al. 2024). When relevant sequences
are absent or sparse, even well-designed primers cannot reliably
achieve species-level resolution. This limitation highlights a
major methodological constraint: primer specificity and da-
tabase completeness are deeply intertwined, and overlooking
this relationship can lead to biased inferences about biodiver-
sity (Zainal Abidin et al. 2022). Therefore, a comprehensive as-
sessment of publicly available genetic resources such as NCBI
GenBank, BOLD, and regional barcoding initiatives is critical
prior to primer selection. Despite these limitations, the synergy
between eDNA and traditional surveys offers substantial bene-
fits. Field-based sampling provides morphological confirmation,
ecological context, abundance estimates, and vouchered speci-
mens, all of which are required to build accurate, region-specific
reference libraries (Ficetola et al. 2008). In turn, eDNA expands
detection sensitivity, enhances temporal and spatial coverage,
and identifies species that evade physical capture. When com-
bined, these approaches provide a more complete and reliable
characterization of mangrove biodiversity, enabling improved
conservation assessments, early detection of declining or inva-
sive taxa, and more informed management actions.

With the Philippine mangrove ecosystems facing rapid habitat
loss, fisheries pressure, and climate-driven changes, this inte-
grative approach is especially timely. Strengthening reference
databases, improving primer selection, and aligning molecular
data with traditional ecological surveys will significantly en-
hance the ability of national agencies and researchers to monitor
biodiversity, detect ecological shifts, and safeguard the ecologi-
cal and economic functions of mangrove ecosystems. Overall,
eDNA metabarcoding does not replace traditional biodiversity
assessment; rather, it amplifies its effectiveness. When the two
approaches are combined, they create a monitoring system capa-
ble of detecting more species, across more habitats, with greater
accuracy and frequency than either could achieve alone.

4 | Future Directions

The significant gap in sequence references for documented
mangrove faunal species in the Philippines carries implications
for eDNA metabarcoding studies. The absence of a comprehen-
sive sequence reference may limit the accuracy and sensitivity
of eDNA analyses, impacting the effectiveness of biodiversity
assessments in mangrove habitats. These limitations also imply
that current eDNA biomonitoring surveys may underestimate
true species richness, overlook cryptic species, and produce
community profiles that do not fully reflect the ecological struc-
ture of mangrove habitats. This has direct consequences, for
instance, for management because undetected species, such as
threatened, commercially important, or habitat-indicator taxa,
may not be incorporated into conservation planning or policy
decisions. Moreover, the ability to detect population changes,
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assess habitat conditions, and respond to emerging threats may
be constrained by the incompleteness of existing molecular da-
tabases. Addressing this gap becomes crucial for enhancing the
reliability of eDNA metabarcoding, enabling more informed
conservation measures, and promoting a thorough understand-
ing of genetic diversity within these ecosystems.

On the other hand, there is an emerging concern about erroneous
taxonomic IDs in sequences available in public databases, which
must be taken into account. As such, there is a need for verifica-
tion and further validation on the integrity of matching sequences
from public databases. Thus, the collection and repository of
voucher specimens that are properly curated must be considered
when assessing the credibility of a particular sequence, especially
since many sequences are shared among other species. Improving
taxonomic accuracy and establishing, for example, Philippine-
specific reference collections would not only enhance the reli-
ability of eDNA-based technology but also strengthen long-term
biodiversity monitoring programs, thereby enabling more ecolog-
ical baselines and supporting evidence-based management strat-
egies for mangrove conservation. Meanwhile, with the available
genetic information for most faunal species, one could consider
developing primers specifically for finfish and other macroinver-
tebrates, such as gastropods and bivalves. The expanse of genetic
information available on these macroinvertebrates can serve as
a tool for improving species identification by designing primers
using publicly available genetic databases. This will then provide
robust identification specifically for the application of eDNA in
biodiversity monitoring of the country’s mangrove areas.
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