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ABSTRACT

Laguimit Bay is among the few areas in the Philippines where green mussels thrive. However, no studies have 
been conducted on Harmful Algal Bloom (HAB) in the area. This study investigates the spatial distribution of dinoflag-
ellates associated with HAB in the surface water of the bay. Multiparameter water quality testers were used to determine 
the physicochemical characteristics while a plankton net was used to filter the dinoflagellates and counting was carried 
out in a compound microscope. Based on the results, the surface water temperature is between 27–31 °C while the pH 
ranges from 8.1–8.2 and dissolved oxygen is 6.3–6.5 mg/L at salinity ranges from 30–31 ppt. This indicates that the wa-
ter quality of the Bay is sustainable for farming mussels. Microscopic examination of the samples showed that the only 
dinoflagellate associated with HAB is Pyrodinium bahamense var. compressum which causes Paralytic Shellfish Poi-
soning with an average concentration of 22 cells/L. Other non-HAB species were Protoperidinium depressum with an 
average of 489 cells/L and the rest are Ceratium macroceros, Ceratium furca, Ceratium trichoceros, Ceratium lunula, 
Dinophysis caudata, Dinophysis miles. The Shannon-Wiener diversity index was 1.8723 in station 1 and 1.8406 in sta-
tion 2 and 1.7439 in station 3 which indicates a low diversity index. The presence of P. bahamanse has the potential for 
recurrence of HAB formation in Laguimit Bay which could affect the economic livelihood of fisherfolk in the country. 
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Continued monitoring and management are recommended to mitigate potential HAB risks and ensure the sustainability 
of shellfish resources.
Keywords: Pyrodinium bahamense; Green Mussel; Biotoxin; Shellfish Red Tide

1. Introduction

In the Philippines, oysters and mussels are two essen-
tial aquaculture fishery commodities. The slipper-shaped 
oyster (talabang tsinelas) and the green mussel (tahong) 
are the Philippines’ most commercially cultivated mollusc 
species, mainly for their meat and consumption by Fili-
pinos. One significant problem in existing shellfish areas 
is the over-congestion of farms. Many farming structures 
were abandoned. Reclamation of oyster grounds to expand 
the national highway was also cited as one of the reasons 
why the production of the commodities decreased. Envi-
ronmental factors such as pollution and siltation, which 
harm the productivity of culture grounds, also limit the 
rate and intensity with which production can be increased. 
Oysters and mussels are grown in rivers and estuaries that 
contain variable quantities of pollution, particularly ani-
mal waste. In the Philippines, outbreaks of harmful algal 
blooms (HABs) or paralytic shellfish poisoning (PSP) are 
also a significant impediment to the industry’s growth. 
Several studies on environment-friendly aquaculture were 
done to address the problem of the deteriorating environ-
ment, one of which is integrated multi-trophic aquaculture 
(IMTA) [1]. The inside process of IMTA design aims not to 
eliminate the organic waste matter but to convert it into a 
usable compound [1].  

Mussel farming represents a vital economic activity 
for coastal communities in the Philippines, specifically in 
Samar Province, which provides livelihoods among fish-
erfolk. Based on the Philippine Fisheries Profile of 2021, 
Samar province is among the top producers of green mus-
sel and other commercial bivalves in the Eastern Visayas. 
Major sources of green mussel production were reported 
in Villareal, Jiabong, Catbalogan, Daram, and Tarangnan, 
Samar [2]. The total shellfish production reached 1,919.59 
metric tons, wherein green mussels accounted for 99.6 
% of the total production, while 0.4% was from oyster 

commodities. However, Harmful Algal Blooms (HAB) 
or Red Tide cause tremendous economic losses in the 
province due to the banning of harvesting, transporting, 
and selling of green mussels resulting in unemployment 
for both the fishermen and the secondary industries such 
as processing, middlemen, and suppliers. A similar study 
was conducted by Echapare et al. [3] wherein the fisherfolk 
have a high awareness of the economic repercussions of 
the HAB known as the red tide in their community which 
affects the livelihood and reduces the income of the fisher-
folk and farmers during the event [3].

Samar Island consists of various bays such as 
Maqueda Bay, Irong-irong Bay, Cambatutay Bay and Vil-
lareal Bay. These bays are the site of the first reported tox-
ic Pyrodinium bahamense in late 1983 and the incidences 
of Pyrodinium blooms have been increasing in recent 
years with shellfish bans imposed every month [4]. How-
ever, in Laguimit Bay, no studies have been conducted on 
dinoflagellates associated with HAB, despite the fact that 
mussels and oysters are farmed in this area.

The rise in dinoflagellate populations in the chosen 
bays of the Philippines has been linked to heightened hu-
man activities. Various physicochemical and hydrobiologi-
cal factors influence water quality, with dinoflagellates, 
which are microscopic algae that form the foundation of 
the food web, being an important biological component 
[5]. Although a rise in dinoflagellate density is typically 
advantageous for fisheries by supporting the production 
of fish food, dense algal blooms can result in detrimental 
effects, such as fish kills caused by oxygen depletion and 
shellfish poisoning in humans [6]. Similar to Manila Bay, 
studies often focus on Harmful Algal Species (HAS) or 
water quality, and physical profiles, typically concen-
trating on the near-bottom layer of the bay. Proliferation 
of harmful bacteria such as Escherichia coli has been 
reported in the river by Amascual et al. [7], which could 
affect the water quality of the Bay [7]. However, a limited 
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correlation between these factors has been reported. Ac-
cording to the study conducted by Estudillo et al. (1984), 
a harmful dinoflagellate bloom of Pyrodinium bahamense 
var. compressa and the resulting paralytic shellfish poi-
soning, occurred for the first time in Philippine waters [8]. 
These studies have been instrumental in HAB dynamics 
and management in the coastal areas of Samar Island.

Dinoflagellates, as key primary producers, act as in-
dicators of environmental problems. As a result, research 
on dinoflagellates in Manila Bay typically concentrates on 
locations that have previously experienced toxic shellfish 
poisoning and fish mortality or is conducted over brief 
durations [9]. Dinoflagellates are included in these investi-
gations to either support or challenge existing hypotheses. 
Although there are assertions of a reduction in dinoflagel-
late populations due to changes in the ecosystem, there is 
a lack of definitive data. Numerous dinoflagellate species, 
such as Pyrodinium bahamense [10], Alexandrium minutum 
[11,12], Prorocentrum cordatum [13,14], Chattonella subsal-
sa [15], and Skeletonema sp. [16], have been observed and 
linked to algal blooms. Escobar et al. [16] revealed Rhizo-
solenia sp. [11], Takayama sp. [17,18]. On the other hand, P. 
bahamense and A. tamarense have also generated blooms 
in Manila Bay [10], the nation’s socioeconomic center, and 
the watershed that drains Metro Manila and several near-
by watersheds and A. minutum [12].

Based on the research by Hallegraeff et al. [19], there 
were 3,800 recorded cases of PSP globally between 1985 
and 2018, with 2,555 of those cases occurring in the 
Philippines, resulting in a total of 165 fatalities [19]. Most 
of these incidents were reported from western Samar 
and Biliran Island. Recently, last September 2024, there 
were Paralytic Shellfish Poisoning (PSP) cases reported 
in Samar wherein a total of 33 individuals were hospital-
ized after they consumed green mussels locally known as 
green mussels. Similar cases happened last January 14, 
2025, in which two individuals reported shellfish poison-
ing after they consumed green mussels they bought from 
an ambulant vendor and were admitted to City Hospital 
in Tacloban City for seven days. Based on the symptoms, 
the patients experienced headache, body numbness, ex-
tremity numbness, dizziness, vomiting, and abdominal 

In the study conducted by Amascual et al. [20], it was found 
out that histamine substances caused by Staphylococcus 
aureus were detected at all stages of the supply chain [20]. 
The most common varieties of fishes showed a significant 
concentration of histamine concentration are the balanak, 
baysa, bolinao, dinorado, galunggong, lambiao, lusod, 
and tamban (Amascual et al., 2020) [21].

Despite a rise in the occurrence of Pyrodinium ba-
hamense blooms and ongoing monthly restrictions on red 
tide, there is a significant deficiency in comprehensive 
ecological research on dinoflagellates in the area, result-
ing in a limited understanding of bloom formation and 
their potentially harmful impacts [22]. This situation is par-
ticularly concerning as the islands rely heavily on marine 
resources for food and economic activities, with reports of 
human deaths associated with mussel consumption after 
P. bahamense outbreaks. Unfortunately, there is a lack of 
published data regarding the primary hotspots of HAB in 
the Philippines, particularly in Eastern Visayas, where Py-
rodinium blooms have occurred frequently.

Laguimit Bay, located within the municipal waters 
of Villareal, Samar, currently lacks baseline data on dino-
flagellate composition and red tide monitoring, as the bay 
has not been included in the sampling plans of the Bureau 
of Fisheries and Aquatic Resources (BFAR). Despite this, 
the bay is known for its significant cultivation of green 
mussels and oysters. This study aims to evaluate the spa-
tial distribution of dinoflagellates in Laguimit Bay, with 
a particular focus on those species associated with HAB 
species. The results of this study will serve as essential 
baseline data for policy formulation and regular monitor-
ing efforts aimed at ensuring toxin-free shellfish products 
in the market. By providing a scientific foundation for 
decision-making, the study will contribute to the develop-
ment of regulatory measures that enhance consumer safety 
and protect public health. Furthermore, the findings will 
support sustainable seafood consumption in the country 
by promoting responsible aquaculture practices, strength-
ening food safety standards, and fostering long-term en-
vironmental and economic sustainability in the seafood 
industry.

pain, but all recovered after immediate medical attention. 
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2. Materials and Methods

2.1. Sample Collection and Study Site

Water samples were collected from the surface wa-
ters in three sampling stations situated in Laguimit Bay, 
Villareal, Samar, at latitude 11°32′  N, longitude 124°52′  
E as presented in Figure 1. 

[Scale: 225 cm = 1,439 m]

Figure 1. Map and Sampling Stations along Laguimit Bay in Samar, Philippines.

2.2. Sample Preparation

The volume of samples to be analyzed was measured 
using a 500 mL graduated cylinder. Then, a 1.0 mL aliquot 
sample was taken and placed in the Sedgewick Rafter 
counting chamber and examined using the inverted micro-
scope. Quantitative and taxonomic analysis of dinoflag-
ellates was done using the method of Omura et al. (2012) 
[23]. An aliquot of 1 ml for each sample was mounted on a 
Sedgewick-R after the chamber grid slide was analyzed 
using an inverted microscope. Dinoflagellates were iden-

tified based on the characteristics described by Matsuoka 
and Fukuyo (2000) [24]. The densities (cells L–1) were 
calculated by multiplying the concentrated volume by the 
number of cells. A combination microscope with a 100X 
total magnification was used to count each sample bottle 
three times. According to the AlgaeBase database and the 
identification guidelines given by Omura et al. (2012) [25], 
dinoflagellates were identified using micrographs [23].

2.3. Physico-Chemical Characteristics
Determination of the physico-chemical characteris-

water samples was obtained using a bucket in triplicate 

at each station within a 1-meter depth. All samples were 
transferred into 1-L plastic bottles without corrugation 
to ensure the settling of all dinoflagellates at the bottom. 
All samples were immediately fixed in situ using a 1% 
formaldehyde solution and stored in a storage box until 
arrival at the HAB laboratory at the Research and Innova-
tion Center, where they were left undisturbed for at least 
24 hours. Then the upper layer of water was carefully 
removed using plastic capillary tubing and a pump, and 
the remaining 250 mL was transferred to a straight plastic 
container with a relatively small diameter and allowed to 
settle for another 24 hours. The upper layer of water was 
once again discarded, leaving behind the remaining 50 mL 
of seawater and the concentrated collected dinoflagellate 
as the final samples.

Using the plankton net, water sample collections 
were vertically towed, and the resulting 50-mL water 
sample was transferred to a sterilized translucent bottle 
and promptly fixed in situ with a 5-mL formalin solution 
for preservation. Simultaneously, another set of surface 
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tics of surface waters in three (3) sampling stations such 
as water temperature (℃), pH, dissolved oxygen (DO, 
ppm), and salinity (ppt) were done on-site using a mul-
tiparameter water tester (Hanna Instrument, Woonsocket, 
RI, USA) while salinity was measured using a handheld 
refractometer (Atago, Saitama, Japan). Regular calibra-
tion checks were performed before and during the study 
to detect and correct any deviations that could affect the 
consistency of the findings. 

2.4. Statistical Analysis

Dinoflagellate abundances were measured using the 
Species diversity index (H’) according to Shannon & Wie-
ner and Sampson index (H’) (1949). Anova: Single Factor 
was carried out to determine the significant differences of 
each sampling site in terms of the average cell density.

The Cell Density and Diversity of species were cal-
culated using 

  (1)

                                 (2)

Where: 
H′: Shannon diversity index  
S: Total number of species  

  ln: Natural logarithm

 (3)

3. Results and Discussions
3.1. Physico-Chemical Characteristics

The physicochemical properties of seawater, in-
fluenced by natural processes and human activities, are 
essential for understanding the dynamic nature of marine 
ecosystems, particularly for shellfish habitats. Assessing 
these properties, such as pH, DO, salinity, and water tem-
perature, provides valuable insights into the health and 
sustainability of these environments.

Based on the results as shown in Figure 2, the sur-
face water temperature was measured between 27–31 °C 
at an average of 7.0 meters sampling depth. Although 
water temperature›s effect on communities and ecosystem 
processes is debated, it affects the dinoflagellate growth 
rate. A similar study conducted by Renaud et al. (2002) 
mentioned that dinoflagellate tolerates a range of tempera-
tures 20–30 °C and the optimum temperature for dinoflag-
ellate development is 27–30 °C [26]. Similarly, pH values 
were relatively alkaline from 8.1–8.2. 

Figure 2. Physico-Chemical Characteristics of the Surface Water.

Ravelo et al. (2022) reported variations in water qual-
ity across different bays of Samar Island [27]. Salinity ranged 
from 27–34 ppt in Villareal Bay, 30–34 ppt in Cambatutay 

Bay, and 31–35 ppt in Irong-Irong Bay. Dissolved oxy-
gen levels were 5–7 ppm in Cambatutay and Irong-Irong, 
while Villareal Bay had slightly lower levels (5–6 ppm). 

pi:  Proportion of individuals belonging 
to the i-th species
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Total suspended solids (TSS) were relatively higher in 
Cambatutay, Irong-Irong, and Villareal (0.3–0.1 mg/L). 
These findings highlight environmental differences among 
the study sites, which may influence local aquatic ecosys-
tems.

However, marine dinoflagellates in general are re-
sistant to climate change in terms of ocean acidification 
and do not increase or decrease in their growth rate ac-
cording to ecologically relevant ranges of pH and CO2 
[28]. In the other part, dissolved oxygen (DO) was also 
measured ranging from 6.3–6.5 mg/L which indicates 
sufficient oxygen present in the water column. Dissolved 
oxygen levels in surface water are due to the photosyn-
thetic process of dinoflagellates and the vertical mixing of 
atmospheric oxygen into the water column [29]. Similarly, 
salinity concentration was found to be 30–31 ppt. Salinity 
is the main physical parameter that can be attributed to the 
dinoflagellate diversity and acts as a limiting factor, which 
influences the distribution and growth of dinoflagellate 
communities [30]. This was also supported in the study 
conducted by Thomas (1969) [31], wherein the co-domi-
nance of these dinoflagellate blooms in the three major 
bays in Samar Island can be associated with the interplay 
of the environmental factors such as nutrient loads in the 
water column and the increase of water temperature in the 
area. Since nutrient content such as nitrate and phosphate 
is the primary limiting parameter for the growth of ma-
rine phytoplankton and is accompanied by heavy rainfall, 
surface currents and wind force are among other major 
factors contributing to HAB development [32]. The relative 
lack of turbulence is thought to favor dense populations of 
dinoflagellates [33], which results in blooming in primarily 
warm, stratified waters from late spring to early autumn [34]. 
Bays with low turbulence such as the Laguimit Bay create 
an ideal environment for dinoflagellate growth and bloom 
formation where water exchange is limited and season-
al stratification occurs. The frequency of HAB events 
showed an increasing trend over the last several decades 
owing to the changing environmental conditions of the 
bay, such as decreasing wind turbulence, increasing sur-
face temperature, etc [35]. A similar study by Estrada and 
Berdalet (1997) found that the relationship between water 
dynamics and phytoplankton communities was influenced 

by a combination of environmental factors [36]. As a result, 
the hydrodynamic characteristics of a given area signifi-
cantly impact the temporal fluctuations and composition 
of dinoflagellate populations.

3.2. Cell Density of Dinoflagellate

Cell density plays a crucial role in shaping trophic 
interactions within aquatic ecosystems. As shown in Fig-
ure 3, Protoperidinium depressum exhibited the highest 
cell density across all stations, averaging 489 cells/L. 
Other species such as Ceratium macroceros contained 322 
cells/L, Ceratium furca at 133 cells/L, Ceratium trichocer-
os at 300 cells/L, Ceratium lunula at 61 cells/L, Dinophy-
sis caudata at 150 cells/L, Dinophysis miles at 217 cells/L, 
and Pyrodinium bahamense var. compressum at 22 cells/L. 
The same study was also conducted by Ravelo et al. (2022) 
in different bays in the Eastern Visayas region [25]. The fol-
lowing HAB-causing species were identified in the study: 
Pyrodinium bahamense, Dinophysis caudata, Dinophysis 
miles, Prorocentrum lima, Prorocentrum sigmoides, Cera-
tium furca, Ceratium fusus, Ceratium inflatum, and Proro-
centrum micans. The presence of bloom-forming harmful 
algal species (73 HAB species in 27 genera), including 
43 potentially toxic species, recorded in considerable cell 
density from coastal and near-shore waters, imposes a 
threat to the fisheries industry and human health [35].

Monitoring dinoflagellate cell densities allows for 
early detection of harmful algal blooms, which can pro-
duce toxins harmful to marine life and humans. It predicts 
and manages harmful algal blooms, ensuring the safety 
and sustainability of the shellfish industry and protecting 
marine ecosystems.

3.3. Percentage Composition and Abundance 
of Dinoflagellate

Understanding the composition of dinoflagellates in 
aquatic ecosystems such as Laguimit Bay provides crucial 
insights into the health and dynamics of marine environ-
ments. The percentage composition of dinoflagellate spe-
cies was presented in Figure 4, which provides insightful 
information about the ecological dynamics and environ-
mental conditions within Laguimit Bay. Figure 4 shows 
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the micrographs of dinoflagellate species in the surface waters.

Figure 3. Average Cell Density (cells/L) from the Surface Water in 3 Sampling Stations.

Figure 4. Micrographs of Dinoflagellate Species Found in the Surface Water of Laguimit Bay. (a) C. macroceros. (b) 
C. furca. (c) Ceratium lunula (d) C. trichoceros. (e) D. caudata. (f) dynophysis miles (g) P. depressum. (h) Pyrodinium 
bahamense var. compressum.

For the percentage composition, among the identified 
dinoflagellate species, as presented in Figure 5, Protop-
eridinium depressum dominates the composition, compris-
ing 29% of the total dinoflagellate abundance. This high 
percentage suggests that conditions within the bay may be 
favorable for the growth and proliferation of Protoperid-
inium depressum. Additionally, Ceratium macroceros and 
Ceratium trichoceros are relatively abundant, constituting 

19% and 18% of the dinoflagellate composition, respec-

tively. These species are characteristic of dinoflagellates, 
which are common in marine environments and often 
indicate healthy aquatic ecosystems. The presence of Cer-
atium species suggests suitable environmental conditions, 
such as adequate light and temperature, supporting their 
growth.
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Figure 5. Percentage Composition of Dinoflagellates of the Total Cell Counts. 

Furthermore, Dinophysis caudata and Dinophysis 
miles collectively contribute 22% to the dinoflagellate 
composition as shown in Figure 5. Less abundant species 
include Ceratium furca, Ceratium lunula, and Pyrodinium 
bahamense var. compressum, each comprising smaller per-
centages of the total dinoflagellate composition. Although 
their contributions are relatively minor, their presence 
adds to the overall biodiversity of dinoflagellates within 
Laguimit Bay, highlighting the bay’s ecological richness 
and complexity. According to certain data, the Philippines’ 
mariculture and wild shellfish harvesting locations are 
hotspots for HAB episodes [37]. For instance, the red tide 
outbreak in Samar is caused by P. bahamense. In reality, 
there was a discernible rise in the relative density of P. 
bahamense in Samar’s three bays between September and 
November, which also happened to be the same time that 
BFAR 8 declared several red tide bans for the province 
[27]. Furthermore, because they are filter feeders by nature, 
mussels have the capacity to amass large amounts of phy-
toplankton that produce STXs. It is possible that live P. 
bahamense can be found in the feces and digestive tract of 
mussels from the contaminated location.

This same also in the study conducted by Baula et al. 
(2011) in Bolinao [38], Pangasinan, in the northern part of 
the Philippines, wherein dinoflagellate cysts are compar-
atively lower than in other coastal areas where cysts have 

been studied. 
Similarly, the abundance of dinoflagellates across 

three sampling stations, as presented in Figure 6, provides 
valuable insights into the ecological dynamics within 
Laguimit Bay. Protoperidinium depressum emerges as the 
dominant species across all stations, with station 3 exhib-
iting the highest percentage composition at 35%, followed 
by stations 1 and 2 at 25% and 28%, respectively. 

Additionally, Ceratium macroceros demonstrates 
consistency in its abundance, with percentages remaining 
relatively stable across all stations, indicating uniform 
environmental suitability for this species throughout the 
sampling area. Conversely, Ceratium furca exhibits slight 
variability, with station 2 showing the highest abundance 
at 11%, suggesting that localized environmental factors 
influence its distribution. Dinophysis caudata and Dino-
physis miles display similar patterns across stations, indi-
cating relatively stable environmental conditions for these 
species within Laguimit Bay. However, the lower percent-
ages of these dinoflagellates compared to Protoperidinium 
depressum suggest differences in ecological niches. Cera-
tium lunula and Pyrodinium bahamense var. compressum 
exhibit low abundance across all stations, indicating lim-
ited ecological significance within the bay’s dinoflagellate 
community.
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Figure 6. Abundance of Each Species in Every Sampling Station.

Recording of dinoflagellate species along Laguimit 
Bay in Villareal, Samar is considered to be the first study 
ever conducted, and is very crucial in HAB monitoring 
since there are dense mussel farming activities. The pres-
ence of Pyrodinium bahamense var. compressum, which 
causes Paralytic Shellfish Poisoning (PSP), is very alarm-
ing. A similar study was also conducted by Ravelo et al. 
(2022) in Villareal Bay, an adjacent water of Laguimit 
Bay [27], which reported identifying some of harmful algal 
bloom-causing species such as Pyrodinium bahamense 
var. compressum, Dinophysis sp. and Ceratium sp. The 
same study conducted by Folio and Yap-Dejeto (2021) 
wherein Pyrodinium bahamense was present in all sam-
pling months with a total mean cell density of 0.08 × 104 
cells/L but was never the dominant species in Irong-irong 
Bay in Samar [39]. Other dinoflagellates have been identi-
fied such as P. bahamense, N. scintillans, and species of 
Ceratium co-dominated in the coastal waters of Samar 
Island. 

3.4. Shannon-Wiener Diversity Index (H’)

The H’ is a fundamental measure employed in 
ecological studies to assess the diversity of a biological 
community as presented in Table 1. It provides a compre-
hensive understanding of species richness and evenness 
within the community. Based on the data the H’ of dino-
flagellates population was 1.8723 in Station no. 1, while 
1.8406 in station no. 2 and 1.7439 for station no. 3. This 
suggests a low diversity or a relatively low abundance of 
dinoflagellate species in the area which indicate that the 
community is dominated by a few species or the dinoflag-
ellate community but not very diverse. Because compe-
tition, predation, and succession are important biological 
processes that affect species diversity, changes in these 
processes can affect the species diversity index by chang-
ing evenness [40]. Dinoflagellate communities’ species 
diversity index can reveal whether pollution or eutrophi-
cation is affecting the ecosystem [41].

Table 1. Shannon-Wiener Species Diversity Index in Three Sampling Stations. 

Species Cells /L
Station 1

Cells /L
Station 2

Cells /L
Station 3

pi ln pi pi ln pi pi ln pi pi ln pi pi ln pi pi ln pi

Ceratium macroceros 400 0.21 –1.58 –0.32 250 0.15 –1.87 –0.29 317 0.21 –1.57 –0.33

Ceratium furca 133 0.07 –2.68 –0.18 183 0.11 –2.18 –0.25 83 0.05 –2.90 –0.16

Ceratium trichoceros 350 0.18 –1.72 –0.31 317 0.20 –1.63 –0.32 233 0.15 –1.87 –0.29
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Species Cells /L
Station 1

Cells /L
Station 2

Cells /L
Station 3

pi ln pi pi ln pi pi ln pi pi ln pi pi ln pi pi ln pi

Ceratium lunula 83 0.04 –3.15 –0.13 50 0.03 –3.48 –0.11 50 0.03 –3.41 –0.11

Dinophysis caudata 200 0.10 –2.28 –0.23 133 0.08 –2.50 –0.21 117 0.08 –2.56 –0.20

Dinophysis miles 267 0.14 –1.99 –0.27 217 0.13 –2.01 –0.27 167 0.11 –2.21 –0.24

Protoperidinium depressum 483 0.25 –1.39 –0.35 450 0.28 –1.28 –0.36 533 0.35 –1.05 –0.37

Pyrodinium bahamense var. 
compressum 33 0.02 –4.07 –0.070 17 0.01 –4.57 –0.047 17 0.011 –4.51 –0.05

 1950 1.00  –1.87 1617 1.00  –1.84 1517 1.00  –1.74

   H’= 1.87   H’= 1.84   H’= 1.74

A low diversity index observed in 90% of the samples 
is a common feature of ecosystems experiencing unstable 
equilibrium, such as estuaries or polluted environments un-
dergoing localized eutrophication [42]. The enrichment of wa-
ter masses initially promotes the dominance of a few species, 
leading to a significant decline in overall species diversity [43].

The study on the spatial distribution of dinoflagel-
lates responsible for HABs in the Philippines is critical for 
protecting human health, preserving marine ecosystems, 
supporting sustainable fisheries, promoting tourism and 
coastal development, and building resilience to climate 
change. Understanding the spatial distribution of dinoflag-
ellates responsible for HABs in the Philippines is essential 
for safeguarding human health, preserving marine eco-
systems, and supporting sustainable coastal development. 
By studying where HAB-forming dinoflagellates are most 
prevalent, authorities can implement targeted monitoring 
and management strategies to protect public health by 
minimizing exposure to harmful toxins in seafood. More-
over, knowledge of HAB distribution enables researchers 
to assess the potential impacts on marine biodiversity and 
ecosystem dynamics, informing conservation efforts to 
maintain the resilience of coastal ecosystems. Sustainable 
fisheries management is also supported through antici-
pation and mitigation of HAB events, ensuring the long-
term viability of marine resources vital for food security 
and livelihoods. Additionally, understanding HAB dis-
tribution aids in promoting tourism and coastal develop-
ment by minimizing disruptions to coastal activities and 
safeguarding the economic benefits derived from coastal 

areas. Finally, insights into HAB dynamics contribute to 
climate change resilience efforts, enabling the develop-
ment of adaptation strategies to mitigate the impacts of 
climate change on HAB occurrence and associated risks 
to human health and marine ecosystems. Through com-
prehensive study and management of the spatial distribu-
tion of HAB-forming dinoflagellates, the Philippines can 
effectively address the multifaceted challenges posed by 
HABs while promoting sustainable coastal development 
and resilience in the face of environmental change.

4. Conclusions

Based on the results of the study, Laguimit Bay 
meets Class SA water quality standards, making it suitable 
for shellfish farming. However, the presence of harm-
ful algal bloom (HAB) species, particularly Pyrodinium 
bahamense var. compressum (22 cells/L), poses risks to 
fisheries, public health, and the local economy. The domi-
nance of a few dinoflagellate species suggests low phyto-
plankton diversity, likely influenced by water quality and 
hydrodynamic conditions. To address these challenges, 
regular HAB monitoring, water quality monitoring, and 
community-based coastal resource management are essen-
tial. Additionally, sustainable finance mechanisms, such 
as blue bonds and ecosystem service payments, can help 
balance economic productivity with marine conservation. 
Future research should focus on long-term HAB trends, 
socioeconomic impacts, and nature-based solutions like 
seagrass restoration to mitigate risks and promote ecosys-

Table 1.  Cont. 
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tem resilience. By integrating science, policy, and finance, 
sustainable management strategies can help protect both 
Laguimit Bay’s ecosystem and local livelihoods.

5. Recommendations

The Bureau of Fisheries and Aquatic Resources 
(BFAR) should include Laguimit Bay and the other bays 
on Samar Island in its monitoring and management pro-
grams for early detection of red tide occurrences. This is 
particularly important for harmful algal blooms (HABs) 
caused by organisms such as Pyrodinium bahamense. 
Such measures are essential to ensure consumer safety, 
protect public health, and maintain the sustainability of 
shellfish resources in Samar Island. Likewise, the Samar 
Provincial Government should establish a dedicated Ma-
rine Biotoxin Laboratory that will conduct analysis for 
marine biotoxins (saxitoxin, domoic acid, okadaic acid,) 
in support of food safety measures as well as provide 
technical assistance to the Local Government Units, fish-
erfolk, shellfish industries, non-government agencies, and 
other government agencies.
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