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Abstract

This study investigates the anthropogenic activities, water quality and ichthyofaunal diversity of the Navotas
riverine ecosystem. It examines the anthropogenic influences, analyzes the physicochemical and microbiological
properties of water, identifies fish species, evaluates the water quality index and determines ichthyofaunal
diversity using various indices. Water samples and fish collections were conducted from January to April 2024 at
three sites. Key findings indicate that water quality parameters such as temperature (23.20°C-37.5°C), dissolved
oxygen (6.22 mg/L-7.84 mg/L), phosphate concentration (0.55 mg/L-3.72 mg/L) and Fecal coliform (350-160,000
MPN/100 mL) failed to meet DENR standards for Class C water. The TDS (1153.33 ppm-10700 ppm) and
conductivity (17653.33 uS/cm-21333.33 puS/cm) were also elevated, indicating significant pollution. The study
identified low ichthyofaunal diversity, with six native and one invasive fish species. A total of 269 fish were
collected: 161 from Site 1, 46 from Site 2 and 62 from site 3. The most abundant species was Scatophagus argus
(19% occurrence), while the invasive Sarotherodon melanotheron ranked third (17% occurrence). Notably, pH
(r=0.753) correlated highly with nitrate concentration. Sarotherodon melanotheron significantly correlated with
pH (r=0.602, p=0.019) and nitrates (r=0.555, p=0.031). Lutjanus argentimaculatus also had significant correlations
with pH (r=0.527, p=0.039) and nitrates (r=0.651, p=0.011). Conversely, S. argus had a negative moderate
correlation with temperature (r=-0.529, p=0.039) and conductivity (r=-0.536, p=0.036). These correlations
suggest that the water parameters significantly influence the diversity and abundance of fish in the river. The study
concludes that the river's water quality is heavily influenced by anthropogenic activities which negatively affect
ichthyofaunal diversity. Recommendations include continuous monitoring, gut and heavy metal analysis of fish,
assessment of avifauna diversity and strict implementation of conservation regulations.
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Introduction agricultural practices and deforestation have severely
impacted the river’s health and sustainability.

Situated in Navotas, the “Fishing Capital of the

Qe Lo ) , Navotas, with a population of 247,543 as per the 2020
Philippines,” the Navotas riverine eco-system is crucially

o census, features a riverine system positioned between
affected by both natural and anthropogenic influences. 14°40'34” N 120°56°00” E and 14°38°03” N 120°57°32” E
Historically, this river has supported diverse ecological '

communities and human livelihoods, particularly in the
fishing industry. However, the river now faces significant
challenges due to rapid urbanization and industrialization.
Activities such as urban runoff, industrial discharge,

spanning a narrow stretch along Manila Bay's eastern
coast [1]. This ecosystem, rich in water and complex
networks of rivers, bays and estuaries, supports various
aquatic species vital to local populations. Approximately
70% of Navotas’ population relies on fishing and related
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industries for their livelihood [2].

Human activities such as urban growth, industrial
development and population in-crease have led to
environmental challenges including pollution, habitat loss
and changes in water quality. These issues negatively
affect fish species diversity, leading to in-creased
competition among fishermen and aquatic animals. The
modern anthropogenic pressures are threatening fish
biodiversity, causing eutrophication, decreased oxygen
levels and reduced habitat availability.

Fish diversity is critical for maintaining ecological
balance in riverine habitats. Fish serve as bio monitors for
aquatic ecosystems due to their unique biological
characteristics and their dominance in most bodies of
water. The study of fish biodiversity in the Navotas
riverine ecosystem is essential for understanding the
impacts of anthropogenic activities on water quality and
fish variety. This research will provide baseline
information necessary for the conservation and protection
of the river.

Paper Review Summary
Navotas river system

The Navotas river, also known as the Malabon-Navotas-
Tullahan River, is situated in Navotas City, Metro Manila,
bordered by the Tanza river to the North, Malabon City and
Estero de Maypajo of Caloocan city to the east, Manila Bay
to the west and Manila City to the south. Spanning
coordinates from 14°40°34” N 120°56’00” E to 14°38’03”
N 120°57.32” E, the river system comprises five major
waterways draining Navotas city. It originates at the
Tangos river in the city's north, with a length of ap-
proximately 6.6 kilometers and widths varying from 50 to
180 meters. Passing through 16 barangays across Navotas,
Malabon, Caloocan and Manila, the river maintains an
average terrain elevation of about 2 meters above sealevel.
Classified by the DENR-Environmental Management
Bureau as class C water, it supports agricul-tural,
recreational (class II) and aquatic resource propagation
uses (Figure 1) [3].

Figure 1: Map of Navotas river system. This satellite
image was taken from Navotas river-Google Earth,
2023.

Volume 1 Issue 1

Anthropogenic activities

Human activities have profoundly impacted water
bodies over the years, particularly rivers, through various
forms of pollution. These activities include the deliberate
disposal of waste materials, industrial and agricultural
runoff, sewage discharge and improper garbage
management. Deforestation, urbanization and changes in
land use have exacerbated sedimentation in rivers, while
practices like dam construction and overfishing have
damaged aquatic habitats and threatened fish diversity.
Climate change further complicates matters by altering
precipitation patterns and temperatures, thereby
influencing river flow and water quality. These cumulative
pressures degrade water quality, harm biodiversity and
ecosystems and compromise access to clean water for
human socities.

In Metro Manila, river systems such as the Marikina
River, San Juan river, Paranaque River, Pasig river and
Navotas-Malabon-Tullahan River are classified as Class C
water bodies, indicating moderate water quality. Despite
this classification, the reliance of many local residents on
fishing for livelihood makes this moderate status
concerning. Informal settlements along rivers and flood-
prone areas have also proliferated without proper
regulation, leading to reduced drainage areas and
increased flooding during heavy rainfall. The disposal of
waste and uncontrolled urban expansion further
contributes to the deterioration of water quality in the
Navotas river and other Metro Manila rivers [4].

The Navotas-Malabon river, specifically in Navotas city,
suffers from significant pollution due to the absence of a
comprehensive sewerage system. Although households
and establishments are mandated to use septic tanks for
wastewater treatment, informal settlers often bypass
these regulations, contributing to river pollution and the
broader health issues of Manila Bay. Efforts by Maynilad
Water Services, Inc. (MWSI) to offer free septic tank
desludging services aim to mitigate this problem [5].
Nevertheless, the Navotas-Malabon-Tullahan-Tangos
River remains among the most polluted, exacerbated by
solid and liquid waste discharge from industries along its
banks. Domestic, commercial and industrial wastes are
often discharged directly into the river or into septic tanks
and drainage canals, resulting in murky water and foul
odors. Nearby landfills receive substantial daily waste
deposits, further damaging marine ecosystems and
mangroves within close proximity [6].

The complex issues facing the Navotas river system
stem predominantly from anthropogenic activities, which
have had widespread and detrimental effects. These
activities include pollution, urbanization, habitat
degradation and unsustainable fishing practices, all of
which significantly impact the ecological health of the river
and the well-being of nearby communities. Similar
challenges are observed in urban river systems world-
wide, where human activities within riparian
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environments exert substantial pressures. Contaminants
from residential and industrial sources pose serious
threats to water quality, rendering it unfit for consumption
and adversely affecting aquatic life. Urban development
alters natural hydrological cycles, heightening flood risks
and erosion, while habitat degradation disrupts ecosystem
balance and diminishes biodiversity.

Water quality assessment

Water quality is a critical aspect of environmental
health, impacting both human and ecosystem well-being. It
encompasses various parameters, such as chemical,
physical and biological characteristics, to assess its
suitability for specific purposes like drinking, swimming or
sustaining aquatic ecosystems. The measurement and
assessment of water quality involves an array of factors,
including the concentration of dissolved oxygen, levels of
bacteria, salinity and turbidity. Additionally, in some
bodies of water, particularly in urban and agricultural
areas, the presence of microscopic algae and contaminants
such as pesticides, herbicides, heavy metals and other
pollutants are essential considerations [7].

Water quality evaluation is inherently contextual,
depending on the intended use of the water. Recognizing
that water suitable for drinking may not be suitable for
industrial processes or recreational activities, water
quality is a relative assessment aiming to match its
condition with its intended purpose. Poor water quality
poses health risks for both humans and ecosystems. For
people, inadequate water quality can lead to a range of
health issues when used for drinking, bathing or cooking.
It can also have far-reaching ecological consequences,
affecting marine life in ecosystems like coral reefs and
seagrass communities where clean water with low
nutrient levels is essential [7].

pH

The concept of pH in water quality assessment is
fundamental in understanding the acidity or alkalinity of a
solution. The pH levels affect water corrosiveness and
carbonate-bicarbonate  equilibrium, impacted by
physicochemical changes [8].

Temperature

Temperature significantly influences water chemistry,
affecting mineral dissolution and ion concentration, crucial
for aquatic ecosystems [9,10].

Total dissolved solids

Total Dissolved Solids (TDS) encompass all substances
in water, indicating contamination levels and affecting
aquatic life [11].

Electrical conductivity

Electrical Conductivity (EC) reflects ion concentration,
vital for assessing water pollution and ecosystem health
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[12,13].
Turbidity

Turbidity affects light penetration and aquatic
productivity, influenced by suspended particles like urban
runoff [14,15].

Dissolved oxygen

Dissolved Oxygen (DO) levels are critical for aquatic
organisms' respiration, influenced by temperature and
organic matter [16,17].

Nitrates

Nitrates from agriculture can lead to eutrophication,
impacting aquatic ecosystems and human health [18].

Phosphates

Excessive phosphates contribute to eutrophication,
reducing oxygen and harming aquatic life [19].

Fecal coliform

Fecal coliform bacteria indicate sewage contamination,
posing health risks in water bodies [20].

Philippine clean water act of 2004

The Philippine Clean Water Act (Republic Act 9275)
aims to protect and manage water resources, addressing
pollution from various sources [21].

Water quality index

The Water Quality Index (WQI) provides a numerical
assessment of water quality based on multiple parameters,
aiding in monitoring and managing water resources
[22,23].

Fish diversity

Fish represent the largest group of vertebrates, with
over 31,000 species [24]. Despite sharing basic immune
system components with other vertebrates, fish possess
unique immunological characteristics [25].

The study of fish diversity in the Navotas river is
particularly significant due to Navotas city's designation as
the "Fishing Capital of the Philippines.”" Research on fish
diversity and distribution provides critical data for
conservation management. According to the City
Government of Navotas Comprehensive Land Use Plan for
2016-2025, species such as tunsoy (Sardinella tawilis),
asohos (Sillago argentifas-ciata), bicao (Eleutheronema
tetradactylum), malakapas (Gerres erythrourus), sapsap
(Leiognathus longispinis) and salinas (Alepes melanoptera)
are found in the area, though their abundance and
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conservation status are not specified [5].
Diversity index

Biodiversity refers to the variety of life on Earth and the
interconnections between living things. High species
diversity typically indicates a healthier ecosystem.
Community and ecosystem diversity involves comparing
different ecosystems to determine their diversity levels
[26]. A diversity index quantifies the variety of categories
(e.g., species) within a dataset. These indices measure
richness, evenness and dominance in various contexts,
often focusing on species but applicable to other
classifications [27]. This study uses several diversity
indices:

Species importance value index

The Species Importance Value (SIV) index measures
the ecological significance of a species based on its
abundance, frequency and dominance. In freshwater
ecosystems, a higher SIV index indicates greater ecological
importance [28].

Shannon-Wiener diversity index

The Shannon-Wiener diversity Index estimates
ecosystem species richness and abundance, useful for
comparing multiple communities [29]. The Shannon-
Wiener Index is denoted as H', pi is the proportion of
individuals in the species and In is the natural logarithm
[30]. The formula of the Equation 1 is:

H' = ¥i: pilnpi; (1)
Simpson’s diversity index

Simpson’s diversity index measures species diversity
by considering species number and relative abundance.
Equation 2 is:

n(n-1
D=1-% (NEN—I))) (2)
where D ranges from 0 (no diversity) to 1 (infinite
diversity), n is the number of individuals in a species and
N is the total number of individuals [31,32]. This index is
widely used in ecological studies to compare biodiversity
across different areas [33].

Margalef’s richness index

Margalef’s richness index measures species richness,
frequently used to compare the diversity of ecological
communities. Equation 3 is:

Margalef’s index=(S-1)/InN (3)

where S refers to the total number of species, N refers
to the total number of individuals in the sample and In is
the natural logarithm [34]. Higher values indicate greater
species richness.
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Sorensen’s coefficient similarity index

Sorensen’s coefficient similarity index assesses species
similarity between two communities. Equation 4 is:

QS%=2C/(A+B) x 100 (4)

It is calculated by analyzing the degree of similarity of
species between two communities, where A refers to the
number of unique species in community A, B refers to the
number of unique species in community B and C refers to
the number of shared species in Community A and B [35].

Shannon’s equitability

The Shannon equitability index measures how evenly
distributed the species are within a population. Equation 5
is:

EH=H/InS (5)

where H refers to the Shannon Diversity Index and S
refers to the total number of unique species present. The
Shannon Equitability Index has a value ranging from 0 to 1,
with 1 indicating complete evenness [36].

Methodology
Study area

The study area is shown in Figure 2. The study of the
Navotas-Malabon-Tullahan (NMT) riverine system
spanned from January to April 2024. Three sites were
selected:

» Site 1: 14°40°35” N, 120°55’57” E, estuary near Manila
Bay, populated by fisher-men.

» Site 2: 14°40°19” N, 120°56’'33” E, diverting channel of
Tanza and Tangos Rivers.

» Site 3: 14°39°60” N, 120°56’48” E, downstream leading
to Tullahan river.

Distances:

> Site 1 to site 2: 1.18 km
> Site 2 to site 3: 0.80 km.

Navotas

sampling sites indicated.
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Administration of structured questionnaire

A survey with 782 respondents was conducted,
covering demographics, anthropogenic activities and river
conservation efforts. Responses were measured on a
Likert scale. Key informant interviews were also
conducted with fishermen to understand fishing practices
and harvests.

Water sample collection

Water samples were collected monthly using grab
sampling from 9 am-10 am. Parameters measured
included pH, temperature, conductivity, TDS, dissolved
oxygen, turbidity, phosphates, nitrates and Fecal coliforms.

Water quality parameters

» pH and temperature: Digital pH pen meter and
laboratory thermometer.

» Conductivity and TDS: Digital Multi-function LCD
Monitor.

» Turbidity: Modified Secchi Disk.
> Dissolved oxygen: D09100 Dissolved Oxygen Meter.

» Nitrates: Tested using 352.1 Brucine colorimetric
method.

» Phosphates: Tested using Hitachi UH5300 UV-Vis
Spectrophotometer.

» Fecal coliforms: Tested using 9221 E. Multiple tube
fermentation technique.

Determination of water quality

Water quality was assessed using the Weighted
Arithmetic-Water Quality Index (WA-WQI), which
considers multiple parameters and their respective
weights to calculate an overall index.

Collection of fish samples

Fish samples were collected by fishermen using cast
nets and basket traps, then identified and verified by
experts.

Computation of diversity index

Several indices were used to analyze fish diversity:

» Species Importance Value (SIV): Dominance of
species.

» Shannon-Wiener Index (H'): Species diversity.
» Simpson’s Diversity Index (D): Species diversity.

» Margalef’s Richness Index (R): Species richness.
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» Sorensen’s Coefficient (IS): Community similarity.
» Shannon’s Equitability (EH): Species evenness.
Statistical treatment of data

» Kruskal-Wallis test: Differences in water quality
among sites.

> Friedman test: Differences in water quality over time.

> Pearson R correlation: Relationships among water
quality parameters and between water quality and fish
species.

Results and Discussion

Anthropogenic activities in the Navotas river

A survey questionnaire was administered along with
consent interviews to 782 respondents. The results
indicated that most respondents were male, comprising
78.6% of the population, while female respondents made
up 21.4%. Among the respondents, 71.4% were high
school graduates. The marital status was evenly split, with
50% being single and 50% married. The age distribution
was as follows: 14.3% were aged 18-27, 21.4% were aged
28-37,50% were aged 38-47 and 14.3% were aged 48 and
above. Respond-ents belonged to families with 2-4
members (42.9%), 5-7 members (50%) and 8-10 members
(7.1%). In terms of occupation, the respondents included
fish net weavers (11.51%), fishermen (78.6%), sari-sari
store owners (6.39%) and vendors (3.45%). Table 1
below presents the survey results of anthropogenic
activities in the Navotas river.

Table 1: Anthropogenic activities in Navotas river.

Anthropogenic Mean | Remarks
activities
Fishing 2.86 Often
Boating 2.71 Often
Washing of clothes 2.29 Seldom
Discharging water 2.29 Seldom
from the laundry
Disposing of untreated | 2.00 Seldom
wastewater from
household and
transport system
Excreting domestic 1.14 Never
wastes
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Anthropogenic Mean | Remarks
activities
Throwing garbage in 1.07 Never
the river
Irrigating plants with 1.00 Never
water from the river
Practicing aquaculture 1.00 Never

Table 1 illustrates the anthropogenic activities
occurring in the Navotas river. It shows that fishing and
boating were common activities in the river. However,
respondents claimed that due to the poor water quality at
the time, their fish catch had decreased significantly. The
survey indicated that activities such as washing clothes,
discharging wastewater from laundry and disposing of
untreated household wastewater occurred in-frequently.
In contrast, activities like irrigating plants with river water,
excreting domestic waste, throwing garbage into the river
and practicing aquaculture were never practiced in the
river. Respondents mentioned that they used to practice
aquaculture, but urban development of industries and
commercial sectors led to the purchase of a large area of
the river, halting their ability to farm fish and shrimp.

Additionally, they reported having a dumping site
located in Barangay Tanza, with garbage collected weekly
by waste collectors. However, although the mean score for
throwing garbage into the Navotas river is low (k=1.07)
based on the observations during the survey, most of the
visible waste in the river was non-biodegradable. This
included PET bottles, single-use plastics, plastic food
wrappers, Styrofoam and medical wastes, which are
harmful to various species inhabiting the river. These
wastes and floating debris came from upstream sources,
including the Taliptip river, Sta. Maria River and
Meycauayan river, flowing through the Tanza river
(Malabon, Navotas spared due to flood mitigation
measures: Ang, 2020). Furthermore, these rivers transport
waste from commercial establishments, manufacturing
industries, households, hospitals and other facilities that

find their way into the Navotas river before it flows out to
the Manila Bay.

Based on the interviews, residents admitted having
inadequate sanitation. They lacked proper pipelines, such
as sewers, drainage pipes and wastewater pipes. In some
cases, the wastewater from their households was directly
discharged into the river, as reported by 71.40% of the
respondents. Furthermore, during the survey at Navotas
river, researchers observed various pollutants. The water
had a distinct color and unpleasant odor, ranging from
murky brown to greenish hues. Floating debris, including
plastic bottles, bags and other garbage coming from nearby
industries, was abundant and created clusters of waste
along the river. Industrial runoff was also observed in the
river, characterized by an oil sheen on the surface of the
water, particularly near the discharge points. Sewage
contamination was visible from raw sewage outlets and
the presence of fecal matter in some parts of the river.

These field observations justify that the Navotas river
is heavily polluted and heavily impacted by different
anthropogenic activities.

Water quality of Navotas river during the
four-month period

The Navotas river, shaped by the high tides and strong
currents from Manila Bay, is an essential aquatic habitat in
northern Navotas city, providing breeding grounds for
various ichthyofaunal species. However, the aquatic
resources in the river, particularly fish, are under severe
fishing pressure and suffer from deteriorating water

quality.

Table 2 presents the physicochemical and
microbiological properties of water samples collected
from three distinct sites in the Navotas river from January
to April 2024. Water quality parameters were compared to
the standards set by DENR Administrative Order No. 2016-
08 for class C waters, with Fecal coliform and phosphate
concentrations compared to the amendment order DENR
Administrative Order No. 2021-2019.

Table 2: Water quality of Navotas riverine ecosystem during four-month sampling period.

Water quality parameter Sampling Sampling period DENR
site Jan Feb Mar Apr standard

pH 1 7.55 7.3 7.1 7.68 6.5-9.0*
2 7.48 6.83 6.87 6.56
3 7.52 7.05 6.70 6.88

Temperature (°C) 1 23.20 29.13 28.90 34.5 25-31*
2 23.67 28.73 28.77 35.67
3 28.83 27.47 28.60 37.50
TDS (mg/L) 1 9144.33 8733.33 | 9866.67 10700 -

2 9200 1173.33 9700 10433.3
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3
3 9533.33 1153.33 | 9666.67 9350
Conductivity (uS/cm) 18243.33 17653.3 | 19733.3 | 21333.3 -

3 3 3
2 18700 19610 19400 20800
3 19000 19466.6 | 19266.6 18800

7 7

Turbidity (NTU) 1 5 5 6 5 -
2 5 5 5 5
3 5 5 6 5
Dissolved oxygen (mg/L) 1 6.35 7.09 7.63 6.92 (minimum)
2 6.22 6.99 784 6.80 5"
3 6.99 6.81 7.66 6.62
Nitrates (mg/L) 1 0.35 0.05 0.16 0.53 7*
2 0.11 0.02 0.14 0.01
3 0.17 0.08 <0.01 0.03
Phosphates (mg/L) 1 2.61 2.32 3.71 3.25 0.025**
2 1.23 2.05 3.72 2.61
3 1.20 1.86 1.12 0.55
Fecal coliform (MPN/100 mL) 1 92000 160000 14000 350 200**
2 35000 92000 160000 92000
3 160000 160000 92000 160000
Note: *DAO 2016-08; **DA0O 2021-19.

pH

The pH levels of the water in the Navotas river were
found to be compliant with the DENR standard value for
class C water at all sites across the four-month sampling
peri-od, as measured using a digital pH pen meter. Figure
3 illustrates the pH levels of the water in three sampling
sites during the sampling periods from January to April
2024,

—e—Site | Site 2 Site 3
7.8
7.6 .
7.4
3 7
= 6.8
= 6.6
6.4
6.2
6 .
January February March April
—e—Site || 7.55 7.34 7.11 7.68
Site2|  7.48 6.83 6.87 6.56
Site 3 7.52 7.05 6.7 6.88
Figure 3: The pH of water in Navotas river during the
four-month sampling period.

The average pH levels of the water from January to
April 2024 were 7.52,7.07,6.89 and 7.04, respectively. The
pH values acquired from the January, February and April
sampling were slightly basic, while the pH value from the
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March sampling was slightly acidic. The presence of
impurities such as sodium carbonate, potassium
bicarbonate or potassium carbonate influenced the
basicity or alkalinity of the water. In contrast, the acidity of
the water was attributed to the presence of acidic
compounds such as nitrogen compounds. Additionally, the
decomposition of dead fish and plants emitted ammonia
and other carbon dioxide, lowering the pH of the water and
making it more acidic.

The pH levels recorded among the three sampling sites
during monthly water sampling from January to April 2024
showed notable variations. Site 1, located at the estuary of
Tangos River and consistently exhibited the highest pH
level across all sampling months. In contrast, site 2
recorded the lowest pH level for January, February and
April, but surprisingly exhibited the second-highest pH
level in March. Site 3 showed the second-highest pH levels
for January, February and April, but notably had the lowest
pH level in March.

The decline in pH level during March may have been
attributed to the increasing heat island effect, which
caused an increase in biological activity within the river,
such as the growth of algae and bacteria [37]. Construction
projects near the river could have contributed to the
decline in the pH level of the water in Navotas river during
March 2024. Moreover, human activities, such as the
discharge of heated effluents from industrial processes,
could have contributed to thermal pollution in rivers. The
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elevated water temperatures from thermal pollution can
directly influence pH levels by affecting chemical equilibria
and biological processes.

Temperature

Water temperature plays a crucial role in influencing
various physical and chemical properties. Figure 4 depicts
temperature variations at three sampling sites over the
four-month period.

e Site ] el Site 2 el Site 3

35
30
25

5
g o
.“é 15
g 1
2
0

January February March Apiil

—a—5ite 1 232 29.13 289 345

—=Site 2 2367 28.73 2877 3567

= Site 3 28.83 27.47 286 375

Figure 4: The temperature of water in Navotas river
during the four-month sampling period.

The average temperature of the water from January to
April 2024 were 25.23 °C, 28.44 °C, 28.76 °C, 35.89 °C
respectively. Given the data presented above, it can be
clearly seen that the values exceed even the highest limit
for class C water according to DENR DAO 2016-08
particularly in the month of April. All sampling sites
exhibited high temperature in April.

Total dissolved solids

TDS levels, indicative of dissolved mineral content,
were measured across the river. Figure 5 illustrates TDS
variations during the sampling period.

e Site 1 e Site 2 em@uuSite 3

12000

10000

TDS (ppm)

January March April

== Site 1 914433 9866.67 10700
e Site 2 9200 9700 10433.33
St 9533.33 1153.33 9666.67 9350

Figure 5: The TDS of water in Navotas river during
the four-month sampling period.

The average TDS concentrations recorded during
sampling periods were 9611.08 mg/L (site 1), 7626.67
mg/L (site 2) and 7425.83 mg/L (site 3). The results
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indicated that site 1 had the highest mean TDS value of
9611.08 mg/L, suggesting significant sources of dissolved
minerals and salts at this site. site 2, with an average of
7626.67 mg/L, had a moderate level of dissolved solids.
Site 3 recorded the lowest TDS concentration at 7425.83
mg/L, suggesting less anthropogenic influence in the area.

The consistently high TDS concentrations at Site 1
indicate possible pollution sources affecting the water
quality in the Navotas river. Both excessively high and low
concentrations of TDS can inhibit the growth and
potentially lead to the death of many aquatic organisms.
Elevated TDS levels can reduce water clarity and raise
water temperatures, impacting the overall health of the
aquatic ecosystem.

Electrical conductivity

EC measurements reflect water's ability to conduct
electricity, influenced by dissolved ions. Figure 6 presents
EC levels across the sampling sites.
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Figure 6: The EC of water in Navotas river during the
four-month sampling period.

The average conductivity of the water from January to
April 2024 were 18647.78 uS/cm, 18910.00 pS/cm,
19466.67 uS/cm and 20311.11 pS/cm respectively. For
site 1, the Electrical Conductivity (EC) levels exhibited a
moderate decrease in February, followed by a constant
increase in March and April. This trend indicates an
increased concentration of dissolved ions in the water over
time. At Site 2, there was a subtle increase in EC levels from
January to February, a moderate decrease in March and an
increase in April. This pattern suggests that ion
concentrations are generally rising. At site 3, EC levels
were substantial with minor changes, peaking in February
and moderately decreasing towards April, indicating that
ion concentration is relatively stable with minor
fluctuations.

The increased EC levels at site 1, particularly in April,
suggest an inflow of dissolved ions, likely due to increased
runoff. This implies that water quality at this site is
unfavorable concerning salinity.
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Turbidity

Turbidity, caused by suspended particles, affects water
clarity and light penetration. Figure 7 displays turbidity
levels recorded during the study period.
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Figure 7: The Secchi disk turbidity of water in Navotas river
during the four-month sampling period.

The observed data from Navotas river at three
sampling sites over four months presented interesting
variations. In January, the values were 89.67 cm at site 1,
88.67 cm at site 2 and the highest at 117.33 c¢m at site 3,
indicating better conditions or higher fish activity at site 3
compared to sites 1 and 2. In February, site 2 recorded the
highest value at 101.67 cm, suggesting peak conditions at
this site, with Site 1 and Site 3 showing slightly lower
values at 91.67 cm and 95.67 cm, respectively. March
showed a significant peak at Site 2 with 135 cm, while Sites
1 and 3 had lower values of 80 cm and 84 cm, respectively,
indicating a possible seasonal effect or specific event
contributing to the high activity at site 2. In April, site 1 had
the highest observed value at 100 cm, followed by site 2 at
95 cm and site 3 at 88.33 cm, suggesting a shift in favorable
conditions towards site 1.

The average observed values per site across all months
were 90.34 cm for site 1, 105.34 cm for site 2, 96.83 cm for
site 3. This indicates that site 2 generally had the highest
observed values, followed by site 3 and site 1. On a monthly
basis, the average observed values were 98.56 cm in
January, 96.33 cm in February, 99.67 cm in March and
94.44 cm for April. These averages show relatively
consistent levels of activity or conditions throughout the
months, with March having the highest average and April
the lowest.

Dissolved oxygen
Dissolved Oxygen (DO) levels, crucial for aquatic life,

were monitored throughout the river. Figure 8 illustrates
DO variations across the sampling sites.
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Figure 8: The DO Level of Water in Navotas river during the
Four-month Sampling Period.

The concentration of DO in the Navotas river was
measured using the digital DO Meter. The concentration of
DO in the river ranged from 6.22 to 7.84 mg/L. The average
DO level of water recorded from January to April were 6.52
mg/L, 6.96 mg/L, 7.71 mg/L and 6.78 mg/L respectively.
The DO level in March did not meet the acceptable
standards set by the DENR for class C waters. This can be
attributed to the high level of organic waste in the river due
to the improper sewage system in the area. Organic
materials found in sewage from homes and industries are
broken down by microbes, which need oxygen in the
process. The variation of DO concentrations among
sampling months can be attributed to the changing
weather conditions, salinity, total coliform and other
factors.

Nitrates
Nitrates, essential nutrients but indicators of pollution,

were measured. Figure 9 shows nitrate concentrations
across the sites.
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Figure 9: The nitrates (mg/L) of water in Navotas river
during the four-month sampling period.

The average nitrate levels for each site were 0.27 mg/L
(site 1), 0.28 mg/L (site 2), 0.28 mg/L (site 3) respectively.

These concentrations were within the standard set by
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DENR for class C waters. For site 1, January and April had
the highestlevel of nitrates among all the months and sites.
site 2 and 3 both showed generally lower nitrate
concentrations with the lowest result in the month of April.
site 1 consistently showed higher concentrations
compared to site 2 and 3. This suggests that the surveyed
areas of the Navotas riverine ecosystem are affected by
anthropogenic activities which can be the cause of
presence of nitrates in each of the sites. While the nitrate
concentration is typically low in Navotas river, it can
possibly become elevated due to industrial waste, refuse
dump runoff or human and animal waste contamination.

Phosphates
Phosphate concentrations, indicative of nutrient

pollution, were assessed. Figure 10 presents phosphate
levels across the river.
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Figure 10: The Phosphates (ppm) of water in Navotas river
during the four-month sampling period.

The phosphate concentration observed from three sites
along Navotas river reveals varying levels across different
months. Site 1 consistently exhibited higher phosphate
concentrations compared to sites 2 and 3, with average
values of 2.47 ppm, 2.16 ppm and 1.74 ppm, respectively.

The elevated levels at site 1, averaging 2.47 ppm,
suggest significant anthropogenic influences, potentially
due to industrial discharge, agricultural runoff or domestic
sewage inputs into the river. Site 2, with an average
phosphate concentration of 2.41 ppm, displays fluctuating
levels, possibly influenced by seasonal changes, weather
patterns and upstream activities such as heavy runoff or
agricultural practices. Conversely, Site 3 consistently
showed the lowest phosphate levels, with an average of
1.18 ppm, indicating either minimal upstream phosphate
sources or effective natural or man-made processes
mitigating inputs. Despite these variations, all sites
underscore the importance of effective management
strategies to control phosphate pollution and preserve the
health of Navotas river's aquatic ecosystem, as even low
levels of phosphates can contribute to eutrophication over
time when combined with other nutrients like nitrogen.

Volume 1 Issue 1

Phosphates in the Navotas river originate from natural
sources, including the release of phosphorus from bed
sediments and the breakdown of organic phosphorus com-
pounds by bacteria. These organic compounds are
primarily generated by biological systems and are present
in debris such as plant waste. Additionally, anthropogenic
activities contribute to phosphate levels in the river, with
organic phosphates from household food, body waste and
natural animal manure entering the water supply through
sewage and wastewater systems. Common household
detergents have emerged as a modern source of
phosphorus in aquatic bodies, entering wastewater
systems and ultimately releasing into surface waters,
resulting in elevated phosphate levels.

Fecal coliform

Fecal coliform levels, indicating contamination from
human and animal waste, were monitored. Figure 11
illustrates Fecal coliform concentrations across sampling
sites.
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Figure 11: The Fecal coliform (MPN/100 mL) of water in

Navotas river during the four-month sampling period.

Atsite 1, a notable increase was observed from January
to February, reaching a peak of 160,000 MPN/100 mL.
Subsequently, in March, a decrease was noted, followed by
a further decrease in April. Conversely, at site 2, a
persistent increase was seen from January to March,
reaching 160,000 MPN/100mL in March. However, April
showed a sudden decrease, albeit remaining at a high level,
indicating continuous contamination. The sudden
decrease in Fecal coliform level in the site 1 from March to
April 2024 may be attributed by the increased
temperature in April (34.5°C) leading to the natural die-off
coliform bacteria over time due to increased UV radiation.
Site 3 exhibited a consistently high level from January to
February and April, with a slight decrease in March,
suggesting extreme contamination in this area.

The significant differences in terms of Fecal coliform
levels in the sampling months (temporal variations) across
all sites may be attributed by the seasonal changes during
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the dry season, particularly on January and February,
when the river experience low tide resulting in higher
concentration of contaminants due to reduced dilution (X
February=137333.33 MPN/100 mL and X
January=95666.67 MPN/100 mL).

The significant differences in Fecal coliform levels
among the sampling sites (spatial variations) across the
sampling months may be attributed by the site-specific
variations whereas sites near the urban areas or industrial
zones (site 2 and site 3) have consistently higher Fecal
coliform levels (X site 2=94750 MPN/100 mL X site
3=143000 MPN/100 mL). Overall, all three sites of Navotas
river show contamination based on their Fecal coliform
levels. The frequent occurrence of high levels, particularly
reaching 160,000 MPN/100mL, exceeds acceptable
thresholds, posing potential health risks to locals exposed
to it.

Kruskal-Walli's test

The Kruskal-Wallis test was employed to determine if
there were significant differences in the water parameters
measured among the sampling sites during the sampling
periods from January to April 2024. The results of the
Kruskal-Wallis Test conducted to assess the statistical
significance of variations in water quality parameters
across the sampling sites over four sampling months are
presented in Table 3.

Table 3: Kruskal-Walli’s test results during the sampling

periods.
January Felr);"ua March April
R R
Param ) i Re ) e ) e
eters p Rem p m p m p m
valu val val valu
e arks ue ar ue ar e ar
ks k
S S
0.92 0.0 0.02
pH 5 NS | o |'S - S |003]|S
Temper | 0.05 0.0
- 8 NS 26 S| 0.02 S 1002 S
0.57 0.0 | N| 051 N
TDS 5 NS 65 | s 7 S 0.03 | S
0.92 01 | N| 029 | N
EC 4 NS 9 S 5 S 0.04 | S
Turbidi | 0.06 0.0 0.06 | N N
ty 6 NS 26 S 6 S 0.15 S
0.02 0.0 029 | N
DO - S 27 S 5 S 0.03 | S
Nitrate | 0.01 0.0 0.01
s 8 S 18 S 8 S 1002 S
Phosph | 0.06 00 | N| 006 | N
ates 6 NS 5 S 1 S 0.03 | S
Fecal
. 0.01 0.0 0.01
coi:{or 8 S 18 S 8 S 1002 S
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The Kruskal-Wallis test results presented in Table 3
revealed significant and non-significant differences in
water quality parameters among the sampling sites per
sampling month, highlighting the impact of anthropogenic
activities on the Navotas riverine ecosystem.

» pH: Significant variations were observed in February,
March and April (p-value: 0.027), while January (p-
value: 0.925) showed no significant difference. This
indicates changes in water chemistry likely influenced
by pollution sources or natural processes, with stability
in January possibly due to balanced buffering capacity
or reduced pollutant input.

> Temperature: Displayed significant changes in
February (p-value: 0.026), March (p-value: 0.020) and
April (p-value: 0.021), while January (p-value: 0.058)
was non-significant. These fluctuations could be
attributed to seasonal warming and in-creased
industrial or domestic discharges, impacting aquatic
life and ecosystem health.

> Total Dissolved Solids (TDS): Showed non-significant
differences in January (p-value: 0.575), February (p-
value: 0.065) and March (p-value: 0.517), with a
significant difference in April (p-value: 0.027). This
suggests relatively stable dissolved solid levels,
indicating consistent water quality regarding mineral
content, with potential pollution events in April.

» Electrical Conductivity (EC): Was non-significant in
January (p-value: 0.924), February (p-value: 0.190) and
March (p-value: 0.295), but significant in April (p-
value: 0.035). This reflects stability in ionic
concentrations, with variations in April possibly due to
increased pollutant inputs.

» Turbidity: Was significant in February (p-value:
0.026), indicating increased sediment or runoff
disturbance, but non-significant in January (p-value:
0.066), March (p-value: 0.066) and April (p-value:
0.148), suggesting minimal disturbance or effective
sediment settling. The water in Navotas river was
turbid, containing a higher concentration of suspended
particles, including clay, silt, fine organic and inorganic
materials, soluble colored organic compounds and
other microscopic organisms.

> Dissolved Oxygen (DO): Exhibited significant
differences in January, February and April (p-value:
0.027), but was non-significant in March (p-value:
0.295). These variations reflected changes in
temperature organic load or water flow, impacting
aquatic life.

» Nitrates: Consistently showed significant variations
across all months (p-value: 0.018). The consistent
significance in nitrate levels pointed to ongoing nitrate
pollution, likely from agricultural runoff or sewage
discharge, which could lead to eutrophication and
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affect water quality.

Phosphates: Were non-significant in January (p-value:
0.066), February (p-value: 0.050) and March (p-value:
0.061), suggesting stable levels initially but increased
pollution in April.

» Fecal coliform (FC): Consistently exhibited significant

differences across all months (p-value: 0.018),
indicating continuous contamination from human or
animal waste, highlighting poor sanitation or waste
management practices.

Friedman test

The Friedman test was employed to determine if there

were significant differences in the water parameters
measured among four sampling months for each sampling
site. Table 4 presents the results of the Friedman test for

the three sampling sites within Navotas riverine
Ecosystem.
Table 4: Friedman test of the sampling sites.
Site 1 Site 2 Site 3
Param
eters p- Rem p- Rem p- Rem
value | arks | value | arks | value | arks
pH 0.029 S 0.042 S 0.029 S
Tempe | 40591 s |o0039| s |0032]| s
rature
TDS 0.042 S 0.029 S 0.117 NS
EC 0.042 S 0.334 NS 0.958 NS
T“g’ld‘ 0241 | NS | 0051 | NS |0042]| S
Dissolv
ed 0.029 S 0.029 S 0.029 S
Oxygen
N‘tzate 0029 | S |0020| s |0029] s
Phosph | 509 | s 0020 | s |o0042| s
ates
Fecal
colifor | 0.029 S 0.029 S 0.029 S
m

The Friedman test results during the sampling periods

presented in table 4 revealed significant and non-
significant differences in water quality parameters among
the sampling months per sampling site.

>

pH: The water collected over four months showed
significantly different pH levels at each site. Variations
in pH levels among the sampling sites indicate potential
differences in acidity or alkalinity, influenced by factors
such as agricultural runoff, industrial discharge or
natural processes. Variations in pH can have significant
implications for aquatic life and ecosystem health, as
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they directly affect the solubility of nutrients and the
availability of toxic substances.

Temperature: The test revealed significant differences
in temperature across all sites, indicating statistically
significant variations at each site. Monitoring
temperature is important when evaluating water
quality. Significant differences in temperature suggest
varying thermal conditions across the sampling sites,
influencing biological processes, metabolism rates,
growth patterns and reproductive behaviors of aquatic
organisms. Variations in temperature also affect water
chemistry and dissolved oxygen levels, impacting
overall ecosystem dynamics.

Total Dissolved Solids (TDS): Significant differences
were found at site 1 and site 2, but not at site 3. The lack
of significant differences in TDS levels implies
relatively uniform concentrations of dissolved solids
across the sampling sites. While TDS levels indicate
overall water quality, their non-significance at site 3
suggests that factors influencing TDS, such as mineral
content or salinity, may not have varied significantly
among the sites during the sampling periods.

Electrical Conductivity (EC): Significant differences
were found only at site 1. Like TDS, non-significant
differences in EC levels at the other sites suggest
consistent conductivity across the sampling sites. EC is
often used as a proxy for TDS and provides insights into
water quality and ion concentrations. The uniformity in
EC levels indicates potential stability in ion
concentrations and overall water chemistry among the
sites.

Turbidity: Significant differences were found only at
Site 3. This site is near construction and ship repair
activities on the riverside of Navotas river. Human
activities that promote dynamic turbidity over time
contribute to the murkiness of water.

Dissolved Oxygen (DO): Significant differences were
found across all sites. Variations in DO concentrations
among sampling months could be attributed to
changing weather conditions, salinity, total coliform,
etc. DO is critical for the survival of aquatic organisms
and deviations from optimal levels indicate pollution
organic matter decomposition or eutrophication.
Monitoring DO levels is crucial for assessing water
quality and ecosystem health.

Nitrates and Phosphates: Both parameters showed
significant differences in concentrations across
sampling months at each site. These significant
differences underscore variations in nutrient
concentrations among the sampling sites. Excessive
nutrient inputs, often from agricultural runoff or
wastewater discharge, can lead to eutrophication, algal
blooms and oxygen depletion. Managing nutrient
pollution is essential for maintaining water quality and

Copyright © 2024 | https://biology-health-science.wren.research-journals.com/1


https://biology-health-science.wren.research-journals.com/1

Journal of Biology and Health Science

ISSN: 3108-0189

preventig ecological degradation.

» Fecal coliform: Significant differences were found
across sampling sites, indicating varying levels of
bacterial contamination. Elevated Fecal coliform levels
pose risks to human health and indicate sewage
contamination or inadequate sanitation practices.
Significant variations were observed in February,
March and April (p-value: 0.027), while January (p-
value: 0.925) showed no significant difference. This
indicates changes in water chemistry likely influenced
by pollution sources or natural processes, with stability
in January possibly due to balanced buffering capacity
or reduced pollutant input.

Water quality index of Navotas river during
the sampling periods

The water quality index was used to analyze the water
quality in Navotas river based on various parameters such
as pH, temperature, total dissolved solids, conductivity,
nutrient content, dissolved oxygen and biological oxygen
demand. It simplifies complex water quality data into a
single value for easy understanding. The overall water
quality index of Navotas river, including the index for each
site during the four sampling periods from January to April
2024, is presented in Table 5.

Table 5: Water quality index of Navotas river during the
sampling periods.

Site1 | 0.12 0.02 0.05 0.18
Nitrates | Site2 | 0.04 0.01 0.05 0
Site3 | 0.06 0.03 0 0.01
Site 1 3467 31 3088 | 49376 4342'5
Phosph | oo | 1637 | 2728 | 49500 | 3473
ates 6
Site 3 153 T 2476 | 14906 | 732
Site1 | 3.06 5.32 3.06 0.01
Fecal Site2 | 1.16 3.06 5.32 3.06
coliform
Site3 | 5.32 5.32 3.06 5.32
Water
quality 517 582 701 617
index
Interpr Unfit | Unfit | Unfit | Unfit
etation

Based on the water quality index of the sampling
months, January (WQI=517), February (WQI=582), March
(WQI=701) and April (WQI=617), Navotas river is unfit or
deteriorated. This is because Navotas river failed to attain
the allowable limit set by the DENR for class C water. The
unfit/deterioration interpretation of the water quality of
Navotas river stems from various pollutants present in the
water. Navotas river faces significant pollution challenges
due to discharges from industries along riverbanks,
untreated or poorly treated sewage from household and
commercial establishments and storm water runoff from

W streets, roads and other impervious surfaces which carry
nQn solid waste and other debris into the river. Moreover,
Pgi‘:;n la?“a Fel;rua March | April deforestation and removal of mangroves reduce the river’s
- y y ability to naturally filter pollutants and stabilize its
Site 1 348 3.38 3.27 3.54 riverbanks, which exacerbates erosion and sedimentation.
pH Site 2 3.44 3.15 3.16 3.02 . . .
Site3 | 3.46 3.5 3.09 317 Ichthyofaunal diversity of Navotas river
Sitel | 30.88 | 38.77 3846 | 4592 The present study identified fish species in Navotas
Teinper Site 2 315 38.24 3829 | 47.47 river belonging to the class Actinopterygii and five families:
ature ) . . .
. Scatophagidae, Dorosomatidae, Terapontidae, Lutjanidae
Site 3 38.37 36.56 38.06 49.91 .S ’ . 7 . L
?e and Cichlidae. The distribution of ichthyofauna in three
Total Site 1 122 116 131 142 sites during the sampling periods from January to April
dissolve Site 2 1.22 0.16 1.29 1.39 2024 is shown in Table 6.
d solids .
Site 3 1.27 0.15 1.29 1.24 Table 6: Distribution of fish species in three sites for the four
| sier | 2096 | 1942 | 21705 | 2346 sampling periods.
Electric 6 5
al . 205.6 228.7 . . . . Total
conduct Site 2 8 215.7 213.38 8 Family ) F(:z:les Sllte Slzte Sg:e Occurren
ivity 208.9 206.7 P ce (%)
Site 3 ’ 214.1 211.92 '
8 8 Scatoph Scatophagu 50
; . s argus 31 8 11
Sitel | 6.65 6.65 7.99 6.65 agidae (18.59%)
Turbidi (kitang)
Site 2 6.65 6.65 6.65 6.65
v Site3 | 665 | 6.65 799 | 665 Pelates
ite : : i i Terapo | quadrilinea 26 8 15 49
Site 1 5.87 6.55 7.05 6.4 ntidae tus (18.22%)
DiSSdolv Site2 | 575 | 6.46 725 | 628 (babanse)
e
- Sarotherod
OXYgen | site3 | 646 | 6.29 708 | 6.12 Cichlida on 26 | 7 | 13 46
e (17.10%)
melanother
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on (gloria
tilapia)
Terapon
Terapo . 42
ntidae (t)]:;:(‘:jg) 2709 1 0 | (15.61%)
Lutjanus
Lutjanid | argentimac 34
ae ulatus 17 3 14 (12.64%)
(alakaak)
Lutjanus
Lutjanid | argentimac 26
ae ulatus 21 3 2 (9.67%)
(kabang)
e
matidae (kabase) (8.18%)
269
Total 161 | 46 62 (100%)

A total of 269 fish were collected and identified. The
species with the highest total occurrence was Scatophagus
argus (18.59%), followed by Pelates quadrilineatus
(18.22%).

» Scatophagus argus (Linnaeus 1766), belonging to the
family Scatophagidae, was the most abundant species.
Known as spotted scat, it inhabits brackish estuaries
and lower reaches of freshwater streams, frequently
occurring among mangroves [38]. Scatophagus argus
exhibits a wide salinity tolerance range and can survive
in conditions ranging from freshwater to highly saline
environments. It can tolerate elevated temperatures
and low dissolved oxygen concentrations [39].

» Pelates quadrilineatus (Bloch 1790), locally known as
babanse, was the second most abundant species
(18.22%). Found in brackish waters, this species often
inhabits estuaries, seagrass beds and mangrove bays,
feeding on small fishes and invertebrates [40].

» Other species with lower abundances included
Sarotherodon melanotheron (gloria tilapia) (17.10%),
Terapon jarbua (bagaong) (15.61%), Lutjanus
argentimaculatus  (alakaak) (12.64%), Lutjanus
argentimaculatus (kabang) (9.67%) and Nematalosa
nasus (kabase) (8.18%). These species are commonly
found in brackish waters, but their lower abundance
may be due to seasonal variations, spawning
environment differences and tolerance for water
quality changes.

» Sarotherodon melanotheron, an introduced invasive
species, had the third-highest total occurrence. Its
abundance can negatively impact native species by
preying on their eggs and juveniles, contributing to the
decline of native fish populations [41].

The ichthyofaunal diversity of Navotas river reflects the
varying ecological conditions and impacts of
anthropogenic activities on the aquatic ecosystem. The
presence of both native and invasive species indicates the
complexity of biotic interactions and the influence of
environmental factors on fish communities. The study

Volume 1 Issue 1

highlights the importance of continuous monitoring and
management to preserve the ecological balance and
biodiversity of Navotas river.

Species importance value

The Species Importance Value (SIV) index measures
species dominance within a specific area, determined as
the sum of relative frequency, relative dominance and
relative density (Ismail et al, 2017). Table 7 shows the
Species Importance Value of ichthyofaunal species,
highlighting the most and least important species in the
Navotas river.

Table 7: Species importance value of the ichthyofaunal
species in Navotas river.

Species RF RD RA | SIV | Rank
Scatophagus 53.8
argus 16.67 | 18.59 | 18.58 4' 1
(kitang)
Pelates
quadrilineatu | 1458 | 1821 | 1823 | °10 2
s (babanse) 2
Sarotherodon
melanothero | 1 o7 | 1710 | 1710 | °%8 | 3
n (gloria 7
tilapia)
Terapon 45.8
jarbua 14.58 | 15.61 | 15.62 4
1
(bagaong)
Lutjanus
argentimacul | 4, 56 | 1264 | 1265 | 377 5
atus 9
(alakaak)
Lutjanus
argentimacul 14.58 967 966 33.9 6
atus 1
(kabang)
Nematalosa 26.7
nasus 10.42 8.18 8.17 6. 7
(kabase)
Scatophagus argus (kitang) holds the highest

importance value (53.84), followed by Pelates
quadrilineatus (babanse) with an importance value of
51.02. The invasive Sarotherodon melanotheron has the
third-highest importance value (50.87). Conversely,
Nematalosa nasus (kabase) has the lowest importance
value (26.76).

The abundance of S. argus indicates its dominance in
the river, attributed to its resilience to environmental
stressors like water pollution. Its omnivorous diet allows
it to adapt to a degraded environment, feeding on detritus,
algae, small invertebrates and plant matter. Additionally,
Scatophagus argus has a high reproductive rate and
reaches maturity quickly, maintaining its population
regardless of conditions.

Conversely, Nematalosa nasus, with the lowest

importance value, demonstrates a preference for
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conditions less suitable to the polluted environment of the
river, such as lower DO and high pollutant levels, which are
disadvantageous compared to species like S. argus.

The distribution of fish species in the Navotas river
provides insights into the river's health and species
diversity. Identifying the pattern of species richness and
the distribution of dominant species, such as S. argus,
serves as an effective biomarker of the river’s condition
and the impact of pollution on fish. Analyzing these
patterns highlights how environmental stressors influence
biodiversity and sustainability of aquatic life in the
Navotas river. Table 8 shows the biodiversity status of
collected fish species in Navotas river [42].

Table 8: Biodiversity status of collected fish species in Navotas

river.
Co
m Biodi
. . mo | versit | Conservatio
Family Species
n y n status
na | status
me
Scatophagi | Scatopha | Kita Native Least
dae gus argus | ng concern
Dorosomati | Nematalo | Kab . Least
Native
dae sanasus | ase concern
Terapontid | Terapon Bag . Least
. aon | Native
ae jarbua g concern
Pelates Bab
o . Not
quadrilin | ans | Native
evaluated
eatus e
Lutjanus | Ala Least
Lutjanidae | argentim | kaa | Native
concern
aculatus k
Lut]an{xs Kab . Least
argentim Native
ang concern
aculatus
Sarother | Glo
- odon ria | Introd Least
Cichlidae melanoth | Tila uced concern
eron pia
Among the collected species, only Pelates

quadrilineatus is listed as "not evaluated,” while the
remaining six species are categorized as "Least Concern."
Six species are native, while Sarotherodon melanotheron
(Gloria Tilapia) is introduced.

Species diversity of ichthyofauna in Navotas river

Biodiversity indices, including the Shannon-Wiener
Index, Simpson’s diversity Index and Margalef's Richness
Index, were used to assess the diversity and similarity of
ichthyofaunal species in the Navotas river system.
Presented in Table 9 were the values obtained from
computed species diversity indices.
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Table 9: Species diversity of ichthyofauna in Navotas

river.
Sampling sites
Diversity index Site 1 Site 2 Site 3
Shannon-Wiener
(H) 191 1.87 1.71
Simpson’s diversity
(D) 0.15 0.14 0.18
Simpson’s index of
diversity (1-D) 0.85 0.86 0.82
Reciprocal (1/D) 6.81 7.04 5.48
Margalef’s richness
(dmg) 1.18 1.57 1.45

The Shannon-Wiener index revealed that site 1 had the
highest diversity (H'=1.91), followed by Site 2 (H'=1.87).
Site 3 had the lowest diversity (H'=1.71). According to the
"Classification Scheme of Shannon-Wiener Diversity
Index" by Fernando et al. (1998), an index value < 1.99
indicates low species diversity. The Simpson’s index of
diversity (1-D) indicated that Site 1 and Site 2 had
relatively high diversity values (0.85 and 0.86,
respectively), compared to site 3 (0.82). The reciprocal
(1/D) of Simpson’s Diversity Index showed that site 2 had
the highest diversity (1/D=7.04), followed by site 1
(1/D=6.81) and Site 3 (1/D=5.48). Margalef's richness
Index revealed that Site 2 had the highest richness
(dmg=1.57), followed by site 3 (dmg=1.45) and site 1
(dmg=1.18), indicating site 1 had the lowest species
richness.

Overall, Navotas river had low diversity (SDI = 0.99),
likely due to anthropogenic activities such as pollution and
the proliferation of invasive species like Gloria Tilapia
(Sarotherodon melanotheron), which compete for food
sources and prey on smaller organisms.

Species similarity and species evenness in Navotas river

Understanding fish  species biodiversity and
distribution in Navotas river is crucial for conservation
efforts and monitoring ecosystem health. Sorensen’s
coefficient similarity index quantifies the similarity
between communities and Shannon Equitability measures
species abundance evenness. Presented in table 10 and
table 11 were the values obtained from computed species
similarity and evenness.

Table 10: Sorensen’s coefficient similarity index for sampling

sites.

Sites % Similarity
Site1-Site2 60%
Site1-Site3 80%
Site2-Site3 60%
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Site 1 and site 3 have the highest similarity (80%),
likely due to shared water conditions and environmental
features. The 60% similarity between site 1-site 2 and site
2-site 3 can be attributed to distinct environmental
conditions at site 2, located at the diverting channel of
Tangos and Tanza rivers.

Table 11: Shannon'’s equitability index for sampling sites during
the four-month sampling periods.

EH
Sampling
month Site 1 Site 2 Site 3
January 0.63 0.64 0.35
February 091 0.76 0.75
March 0.83 0.55 0.76
April 0.85 0.33 0

Shannon’s equitability index showed that in January,
site 2 had the highest evenness (0.64), followed by site 1
(0.63). In February, March and April, site 1 had the highest
evenness (0.91, 0.83 and 0.85, respectively). Site 3
recorded 0 evenness in April, likely due to high water
temperatures impacting fish presence and distribution.

Relationship of water quality parameters in
four sampling periods among three sampling
sites in Navotas river

The Pearson R correlation coefficient is a statistical
measure that assesses the strength of the linear
relationship between two variables. In this study, the
Pearson R correlation was employed to establish the
relationships between various water quality parameters
across four sampling periods at three different sites. The
data were analyzed using SPSS and the significant
relationships among the monitored water quality
parameters in Navotas river are presented in table 12.

Table 12: Correlation matrix of water quality parameters of Navotas river during four sampling periods (Pearson

correlation coefficients (r) of 12 samples per parameter).

Parameters pH WT TDS EC Tn DO NO3-N PO4-P FCC
pH 1
WT -0.382 1
TDS 0.205 0.244 1
EC -0.206 0.528 0.066 1
Tn -0.008 0.013 -0.021 0.123 1
DO -0.416 0.114 0.121 0.185 0.32 1
NO3-N 0.753 -0.071 0.313 0.317 0.12 -0.174 1
P0O4-P 0.078 -0.039 0.168 0.394 0.27 0.44 0.459 1
FCC -0.276 0.069 -0.267 -0.51 0.44 0.081 -0.489 -0.36 1
Note: Value in bold print is significant (P<0.01) 2-tailed.

0.0=no correlation, no relationship, #0.01 -+ 0.20=very
low correlation, almost negligible relationship, + 0.21 -+
0.40=slight correlation, definite but small relationship, *
041 -+ 0.70=moderate correlation, substantial
relationship, #0.71 -%+ 0.90=high correlation, marked
relationship, #0.91 -+ 0.99=very high correlation, very
dependable relationship, * 1.00=perfect correlation,
perfect relationship.

Water Temperature (WT), Total Dissolved Solids
(TDS), Electrical Conductivity (EC), Turbidity (Tn),
Dissolved Oxygen (DO), Nitrate-Nitrogen (NOsN),
Phosphate-Phosphorus (PO4+P), Fecal Coliform Count
(FCQ).

> pH and nitrate concentration: A significant and
positive high correlation (r=0.753) was found between

pH and nitrate concentration, indicating a strong
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positive relationship. As pH levels increased, nitrate
concentration also tended to increase, a finding
statistically significant at the 0.01 level.

> pH and water temperature: A weak negative
correlation (r=-0.382) was observed between pH and
water temperature, suggesting a slight increase in
water temperature as pH decreased.

> pH and dissolved oxygen: A weak negative
correlation (r=-0.416) indicated that lower pH levels
might lead to a slight decrease in dissolved oxygen
concentration.

» Water temperature and electrical conductivity: A
moderate positive correlation (r=0.528) suggested that
as water temperature increased, electrical conductivity
also tended to increase.

> EC and total dissolved solids: A weak positive
correlation (r=0.066) indicated a slight increase in TDS
as EC increased.

» Phosphate-Phosphorus: Showed moderate positive
correlations with EC (r=0.394) and nitrate-nitrogen
(r=0.459).

» Fecal coliform count and electrical conductivity: A
strong negative correlation (r=-0.506) implied that as
EC increased, the concentration of Fecal coliform count
decreased significantly.

Relationship between water quality parameters and
fish diversity in Navotas river

Fish species and water quality are major indicators of
the condition of aquatic habitats, both in freshwater and
saltwater ecosystems. Fish diversity is often used to reflect
water quality and overall ecosystem health, with more fish
species typically indicating better water quality. Various
factors such as DO, pH, temperature, TDS, nutrient
concentrations, toxins and pollutants influence fish
diversity. Table 13 showed the relationship between
water quality parameters and fish species in Navotas river.

Table 13: Correlation coefficient between fish species and water quality parameters (Pearson correlation coefficients (r) of 12

samples).
Nematal | Terapo Pelates Lutjanus Lutjanus Sarothero
Paramete Scatopha . . . don
Pearson R osa n quadriline | argentimac | argentimac
rs gus argus . melanoth
nasus jarbua atus ulatus ulatus
eron
Pearson 0.179 0.328 0.075 0.263 0.527 0.121 0.602
pH correlation
Sig. (2- 0.288 0.149 0.409 0.204 0.039 0.354 0.019
tailed)
Pearson -0.529 -0.091 0.143 -0.12 -0.191 -0.146 046
Temperat | correlation
ure (°C) Sig. (2- 0.039 0.389 0.328 0.355 0.277 0.325 0.066
tailed)
Pearson -0.222 -0.079 | -0.048 -0.086 -0.377 0.138 012
TDS correlation
(mg/L) Sig. (2- 0.224 0.403 0.442 0.396 0.114 0.335 0.355
tailed)
Pearson -0.536 -0.272 0.071 0.135 0.244 -0.456 -0.301
EC correlation
(nS/cm) Sig. (2- 0.036 0.196 0.413 0.337 0.223 0.068 0.171
tailed)
. Pearson 0.141 -0.218 0.282 0.332 -0.244 0.297 -0.385
Turbidity correlation
(NTU) Sig. (2- 0.331 0.248 0.188 0.146 0.223 0.174 0.108
tailed)
Pearson 0.049 -0.118 0.338 0.264 -0.282 0.231 -0.259
correlation
DO (mg/L) Sie. (2-
ig. ( 0.44 0.358 0.142 0.203 0.188 0.235 0.208
tailed)
. Pearson 0.094 0.013 0.059 0.231 0.651 0.16 0.555
Nitrates correlatlon
(mg/L) Sig. (2- 0.386 0.484 0.428 0.235 0.011 0.31 0.031
tailed)
Pearson 0.273 0.001 0.316 0.331 0.155 0.245 0.276
Phosphate | correlation
s (mg/L) | Sig. (2- 0.195 0.499 0.159 0.147 0.315 0.221 0.193
tailed)
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Fecal Pearson 0.113 0101 | -0.289 | -0.321 -0.111 -0.13 0.196
coliform correlation
(MPN/100 Slg' (2- 0.364 0.378 0.181 0.162 0.365 0.483 0.271
mL) tailed)
Note: All values in bold print are significant (P<0.05).
class C waters due to elevated levels of various parameters.
» pH: Exhibited significant positive moderate  The weighted arithmetic water quality index indicates that

correlations with Lutjanus argentimaculatus (r=0.527,
p=0.039) and Sarotherodon melanotheron (r=0.602,
p=0.019).

» Nitrates: Showed positive moderate correlations with
Lutjanus argentimaculatus (r=0.651, p=0.011) and S.
melanotheron (r=0.555, p=0.031).

» Scatophagus argus: Displayed a negative moderate

correlation with water temperature (r=-0.529,
p=0.039) and electrical conductivity (r=-0.536,
p=0.036).

High pH levels can harm fish by denaturing cellular
membranes and affecting other physiological parameters.
Fish such as Scatophagus argus require specific pH ranges
to avoid stress and potential health issues. High nitrate
concentrations can cause methemoglobinemia, affecting
the fish's ability to carry oxygen, leading to respiratory
problems and growth issues. Elevated temperature and
conductivity can reduce fish populations, as observed with
Scatophagus argus in this study [43].

Environmental pollutants, including  nitrates,
phosphates and Fecal coliforms, play significant roles in
shaping fish diversity by altering ecosystem composition
and favoring certain species over others. Despite high
levels of pollutants, species like Sarotherodon
melanotheron can adapt and thrive in polluted conditions,
indicating their resilience to environmental stressors.
Other parameters like TDS, turbidity, dissolved oxygen,
phosphates and Fecal coliforms showed no significant
relationship with fish diversity in Navotas river.

Conclusion

The water quality of the Navotas river system is
significantly impacted by various anthropogenic activities
in the area. Fishing and boating, though common, do not
majorly contribute to water quality deterioration. Despite
survey observations indicating a low mean score for
throwing garbage into the river, the majority of visible
waste is non-biodegradable. The river exhibits a range of
pollutants, evident in its distinct color and unpleasant
odor, ranging from murky brown to greenish hues, caused
by abundant floating debris such as plastic bottles and
bags. It was concluded that pollution from industrial runoff
and sewage contamination significantly affects water
quality.

The Navotas river does not meet the Department of
Environment and Natural Resources (DENR) standards for
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the water quality of the Navotas river has deteriorated and
is unsuitable for human consumption. Further re-search is
necessary, including the inspection of septic tanks, to
identify potential pollution sources and enhance the
overall water quality of the Navotas river.

The river exhibits limited ichthyofaunal diversity, likely
influenced by anthropogenic activities, as assessed
through the Shannon-Wiener diversity index, Simpson’s
index of diversity and Margalef’s richness index. According
to the Sorensen’s coefficient similarity index, sites 1 and 3
harbor the most similar species. Shannon’s equitability
indicates high evenness of species distribution during the
months of February, March and April.

Specific fish species were identified, with some
showing significant relationships with certain water
quality parameters. Ichthyofaunal species commonly
caught by local fishermen include Kitang (Scatophagus
argus), Kabase (Nematalosa nasus), Bagaong (Terapon
jarbua), Babanse (Pelates quadrilineatus), Alakaak
(Lutjanus argentimaculatus), Kabang (Lutjanus
argentimaculatus) and Gloria Tilapia (Sarotherodon
melanotheron). Kitang (Scatophagus argus) has the highest
species importance value.

Alakaak (Lutjanus argentimaculatus) and Gloria Tilapia
(Sarotherodon melanotheron) have significant
relationships with pH and nitrates. Kitang (Scatophagus
argus) has a significant relationship with temperature and
electrical conductivity. Other parameters such as total
dissolved solids, turbidity, Dissolved Oxygen (DO),
phosphates and Fecal coliform do not have significant
relationships with ichthyofaunal species in the Navotas
river.

The negative moderate correlation observed between
Scatophagus argus and water parameters (temperature
and electrical conductivity) suggests that this species may
have limited tolerance to environments with elevated
levels of these parameters. Consequently, in polluted
water characterized by higher water temperatures and
electrical conductivity, the abundance of Scatophagus
argus may decline due to its reduced tolerance to these
conditions. These environmental factors play a significant
role in shaping the population dynamics and distribution
of Scatophagus argus within the Navotas river ecosystem.

Environmental factors such as temperature and
electrical conductivity significantly influence the
population dynamics of fish species within the Navotas
river ecosystem. Invasive species like Sarotherodon
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melanotheron may adapt well to polluted environments
but can have detrimental effects on native species and
ecosystem balance. Sarotherodon melanotheron exhibited
positive moderate correlations with pH levels and nitrate
concentration, indicating its ability to thrive in
environments with certain pollutant levels. As an invasive
species, the adaptability of Sarotherodon melanotheron to
these conditions might contribute to its increased
abundance in the Navotas river.
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