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ABSTRACT

Background: Freshwater ecosystems are constantly changing and shaped by various physical and chemical fac-
tors. Macroinvertebrates respond sensitively to environmental changes and serve as valuable water quality indi-
cators. This study explores how different water parameters influence macroinvertebrate diversity in a freshwater
stream at the University of Abuja, Nigeria.

Methods: Water samples were collected from ten locations along the stream over three months. Physical charac-
teristics such as turbidity, temperature, and suspended solids were measured, while chemical parameters includ-
ing dissolved oxygen (DO), biochemical oxygen demand (BOD), pH, and total dissolved solids (TDS) were ana-
lyzed. Macroinvertebrates were identified and classified, and statistical analysis was performed using IBM-SPSS
version 25.0 and Python’s pandas library to assess correlations.

Results: Over time, turbidity declined, while suspended solids slightly increased. Temperature remained rela-
tively stable, whereas DO levels were lowest in February. A strong negative correlation was found between tur-
bidity and both pH (-0.963) and TDS (-0.957), while temperature showed a strong positive correlation with pH
(1.000) and TDS (0.999). The most abundant macroinvertebrates were Bivalva (309.90 + 64.85) and Malacostra-
ta (300.00 £+ 36.76), while Crustacea had the lowest count (107.50 £ 23.85).

Conclusion: Elevated turbidity negatively affected sensitive species like Gastropoda, Bivalva, and Insecta, while
higher temperatures encouraged diversity in Oligochaeta, Malacostrata, and Crustacea. These findings highlight
the critical role of water quality in shaping aquatic biodiversity. Maintaining good water quality is essential for
preserving macroinvertebrate diversity in freshwater habitats. Long-term monitoring and studying human im-
pacts will be key to developing better conservation strategies.
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1.0 INTRODUCTION

Aquatic ecosystems are constantly changing, with various
environmental factors shaping the diversity of organisms
within them [1]. Macroinvertebrates, in particular, are
highly responsive to shifts in water quality, making them
reliable bioindicators for ecosystem health. Factors such
as turbidity, dissolved oxygen (DO), temperature, and
biochemical oxygen demand (BOD) significantly influ-
ence which species thrive and which struggle to survive
[2]. For example, higher turbidity—often due to suspend-
ed solids—can harm filter-feeding organisms like clams
(Bivalva) and snails (Gastropoda) by clogging their feed-
ing structures. At the same time, it can benefit detri-
tivores like worms (Oligochaeta) that rely on organic
matter for food [3]. Understanding these relationships
helps us assess how environmental changes affect aquatic
biodiversity.

Oxygen availability is another critical factor in macroin-
vertebrate survival. Oxygen-rich waters support sensitive
species such as crustaceans (Malacostrata) and aquatic
insects (Insecta), while low-oxygen conditions favor pol-
lution-tolerant organisms like leeches (Hirudinea) and
worms (Oligochaeta) [4, 5]. Water temperature also plays
a crucial role, influencing metabolic rates and oxygen
levels. Since many aquatic organisms have specific tem-
perature preferences, even slight changes can disrupt the
ecosystem balance.

High biochemical oxygen demand (BOD) is often a sign
of organic pollution, which can dramatically shift ma-
croinvertebrate populations. Species like Clitellata, which
can tolerate poor water quality, thrive in polluted envi-
ronments, whereas more sensitive groups, such as Crusta-
cea, tend to decline [6]. The strong negative correlation
between BOD and pH (-0.750) and TDS (-0.765) further
emphasizes how pollution can degrade aquatic habitats.

This study aims to provide deeper insights into how dif-
ferent water quality parameters shape macroinvertebrate
communities by analyzing these connections. Under-
standing these patterns can help improve conservation
efforts and inform better water management strategies.

2.0 METHODOLOGY
2.1 Study site

The study was conducted in a freshwater stream in the
University of Abuja, Nigeria (Figure 1). This water body
is a habitat for various aquatic organisms and is influ-

enced by natural and anthropogenic factors. The geo-
graphical coordinates of the study site are 9.0882° N lati-
tude and 7.4806° E longitude.
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Figure 1. Map of University of Abuja Showing Sampling Site

2.2 Data Collection and Physical Parameter Measure-
ment

Over three months (January -March, 2023), water sam-
ples were sampled from ten (10) various points along the
water body to analyze physical, chemical, and biological
characteristics. To ensure accuracy and reliability, stand-
ardized procedures were followed throughout the data
collection process [7]. Spatial distribution (ensuring even
coverage of the water body by selecting points upstream,
midstream, and downstream to capture variations in water
quality) influenced the choice of the 10 sampling points.

Several key physical properties of the water were record-
ed, including turbidity (TURB), water color (COLOUR),
suspended solids (SUS.SOL), water depth (DEPTH), and
temperature (TEMP). Each parameter was measured us-
ing appropriate instruments: turbidity was assessed with a
turbidimeter, water color was determined using a color
comparator, and suspended solids were analyzed through
filtration and gravimetric methods. Water depth was
measured using a graduated measuring rod, while temper-
ature readings were taken with a digital thermometer [7,
8].

2.3 Chemical Analysis of Water Quality

Water quality was assessed by analyzing key chemical
parameters to understand its impact on macroinvertebrate
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diversity. The following measurements were conducted:
dissolved oxygen (DO) levels were recorded using a dis-
solved oxygen meter, while biochemical oxygen demand
(BOD) was determined through the Winkler titration
method. pH levels were measured with a digital pH meter,
and total dissolved solids (TDS) were quantified using a
conductivity meter [7, 9].

2.4 Macroinvertebrate Sampling and Identification

Macroinvertebrates were collected in the same ten sta-
tions and identified to evaluate biodiversity and ecologi-
cal conditions. Standardized sampling methods and taxo-
nomic classification techniques were applied to ensure
reliable identification [7, 10].

2.5 Statistical Analysis

IBM-SPSS version 25.0 was used to analyze the data,
with results presented as means and displayed in tables
and figures. Python’s panda library was also utilized to
compute the Pearson correlation matrix. The relationships
between physical and chemical parameters were exam-
ined to identify significant factors influencing macroin-
vertebrate diversity.

3.0 RESULTS

Table 1 summarizes the physical parameters of the stream
at the University of Abuja from January to March 2023.
Turbidity gradually declined, while suspended solids in-
creased slightly over the months. Water depth remained

Table 1. Physical Parameters of Aquatic Water Body in University of
Abuja, Nigeria

Month TURB COL- SUS.SOL DEPT TEMP
(Mean = OUR (Mean = H (Mean =
SE) (Mean SE) (Mean SE)
+ SE) + SE)
Jan 5.99 + 14.9 + 17.0 £ 104 + 22.89 +
0.43 0.43 1.65 1.43 0.24
Feb 5.65+ 14.9 + 19.0 + 104 + 23.89 +
0.29 0.43 1.08 1.43 0.54
Mar 552+ 14.0 + 193+ 12.1+ 23.89 +
0.41 0.49 1.27 1.04 0.54

Table 2. Chemical Parameters of Aquatic Water Body in University of
Abuja, Nigeria

Month DO (Mean BOD pH (Mean TDS
+ SE) (Mean = + SE) (Mean =

SE) SE)

Jan 4.69+0.16 335+ 733+ 125.8 +
0.17 0.20 7.22

Feb 4.23£0.26 246+ 7.39+ 145.7 +
0.15 0.24 8.71

Mar 5.15+0.15 3.06 = 7.39 1452 +
0.16 0.24 4.83

relatively stable but peaked in March (12.1 £ 1.04). Tem-
perature slightly varied, reaching its highest in February
and March (23.89 £ 0.54).

Table 2 presents the chemical parameters. Dissolved oxy-
gen was lowest in February (4.23 + 0.26) before rising in
March. Biochemical oxygen demand dropped in February
but slightly increased afterward. pH remained stable,
while total dissolved solids peaked in February (145.7 £
8.71), indicating a temporary rise in mineral content.

Table 3 highlights key correlations between physical and
chemical water parameters. Turbidity (NTU) showed a
strong negative correlation with both pH (-0.963) and to-
tal dissolved solids (TDS, mg/L) (-0.957), suggesting that
murkier water tends to have lower pH and mineral con-
tent. Suspended solids (mg/L) were positively linked to
pH (0.993) and TDS (0.990), indicating their role in in-
creasing alkalinity and dissolved minerals. Temperature
(°C) had a near-perfect positive correlation with both pH
(1.000) and TDS (0.999), emphasizing its impact on water
chemistry. Additionally, dissolved oxygen (DO, mg/L)
was higher in deeper water (0.866 m), reinforcing that
depth supports oxygen retention.

Table 4 reveals that Bivalva had the highest average count
(309.90 + 64.85), followed by Malacostrata (300.00 +
36.76) and Tubellaria (253.20 + 25.50), indicating their
strong presence in the water body. On the other hand,
Crustacea recorded the lowest abundance (107.50 +
23.85), suggesting a comparatively lower representation
of this group in the ecosystem.

Table 3. Correlation Between Physical and Chemical Parameters in University of Abuja water body

Parameter TURB COL- SUS.SOL DEPTH TEMP(° DO (mg/lL) BOD pH TDS (mg/
(NTU) OUR (mg/L) (m) (0) (mg/L) L)
(TCU)

TURB 1.000 0.714 -0.989 0.714 -0.963 -0.268 0.546 -0.963 0.957
COLOUR 0.714 1.000 -0.600 -1.000 -0.500 -0.866 -0.197 -0.500 -0.481
SUS.SOL -0.989 -0.600 1.000 0.600 0.993 0.120 -0.666 0.993 0.990
DEPTH -0.714 -1.000 0.600 1.000 0.500 0.866 0.197 0.500 0.481
TEMP -0.963 -0.500 0.993 0.500 1.000 -0.0008 -0.750 1.000 0.999
DO -0.268 -0.866 0.120 0.866 -0.0008 1.000 0.661 0.0006 -0.022
BOD 0.546 -0.197 -0.666 0.197 -0.750 0.661 1.000 -0.750 -0.765
pH -0.963 -0.500 0.993 0.500 1.000 0.0006 -0.750 1.000 0.999
TDS -0.957 -0.481 0.990 0.481 0.999 -0.022 -0.765 0.999 1.000
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Figure 2 illustrates how various environmental factors
influence macroinvertebrate species responses. Turbidity
and high biological oxygen demand (BOD) negatively
impact sensitive species like Bivalva and Insecta while
favoring pollution-tolerant groups such as Oligochaeta
and Clitellata. Increased suspended solids and tempera-
ture promote Gastropoda and Hirudinea, whereas greater
water depth supports oxygen-dependent species like In-

Table 4. Mean Prevalence of Invertebrates Collected in Ten Sta-
tions in the University of Abuja Stream

CLASS Mean + SE
OLIGOCHAETA 240.00 + 38.05
CLITELLATA 142.70 +£ 30.71
HIRUDINEA 193.70 £ 34.61
GASTROPODA 203.30 +35.50
BIVALVA 309.90 + 64.85
TUBELLARIA 253.20 £ 25.50
MALACOSTRATA 300.00 +36.76
INSECTA 204.50 +£21.11
CRUSTACEA 107.50 &+ 23.85
3 Oligochaeta
Bivalva
Insecta
Malacostrata
2 Hirudinea
Gastropoda
(Clitellata
Crustacea
E 1 Tubellaria
g
o
2 y N
£0
-1
-2

¢ Y
(_\)‘ %0
o°

oﬁ?e‘\be @«\Q
9

i o 4 o
i\@\‘5 \WA@‘ @ 650\\ o

Figure 2. Influence of Environmental Factors on macroinverte-
brate species in the University of Abuja Aquatic Ecosystem

secta, Crustacea, and Bivalva. Overall, species composi-
tion shifts based on water quality changes, with pollution
-resistant organisms thriving in degraded conditions
while sensitive species decline.

Table 5 highlights the environmental factors that have
the most significant impact on macroinvertebrate diversi-
ty. Turbidity negatively affects pH levels, leading to a
decline in sensitive species such as gastropoda, Bivalva,
and insects. In contrast, temperature strongly correlates
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Figure 3. Environmental Factors with the most significant Impact on
macroinvertebrates

with pH, promoting diversity in groups like Oligochaeta,
Malacostrata, and Crustacea (Figure 3). These findings
suggest that water clarity and temperature fluctuations
are crucial in shaping macroinvertebrate communities.

4.0 DISCUSSION

The study of water quality in the University of Abuja
stream revealed significant interactions between physical
and chemical parameters that influence macroinverte-
brate diversity. The steady decline in turbidity from Janu-
ary to March suggests improved water clarity, which may
result from reduced sediment input or seasonal hydrolog-
ical shifts. However, the concurrent increase in suspend-
ed solids indicates that fine particulates remained in sus-
pension despite lower turbidity levels. Similar studies
have reported that fluctuations in turbidity and suspended
sediments influence freshwater ecosystems by affecting
light penetration and nutrient availability [11, 12]. The
relatively stable water depth, peaking in March, further
underscores the role of seasonal changes in shaping
aquatic habitats [13].

Table 5. Macroinvertebrates Affected by the most negative and most positive environmental factors

Impact on Macroinvertebrates

Affected Organisms

Correlation Environmental Factors
Most Negative (-0.963)  Turbidity (TURB) & pH

species.
Most Positive (1.000) Temperature (TEMP) & pH

High turbidity lowers pH, reducing sensitive

Higher temperature increases pH, influencing
species diversity.

Gastropoda, Bivalva, Insecta

Oligochaeta, Malacostrata,
Crustacea
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Temperature showed minimal variation, with the highest
values recorded in February and March (23.89°C), likely
due to seasonal warming. Temperature is a crucial factor
in aquatic systems, influencing metabolic rates, oxygen
solubility, and chemical reactions [14]. The peak in total
dissolved solids (TDS) in February suggests a transient
increase in mineral content, possibly due to surface run-
off or groundwater seepage. Similar studies have demon-
strated that hydrological cycles and anthropogenic activi-
ties contribute to periodic shifts in TDS levels [15, 16].
The pH remained relatively stable, indicating neutral to
slightly alkaline conditions that support diverse aquatic
life [17]. Temperature showed a near-perfect positive
correlation with pH (1.000) and TDS (0.999), reinforcing
its role in regulating aquatic chemistry. Warmer tempera-
tures accelerate chemical reactions, influencing alkalinity
and mineral dissolution [18, 19]. Additionally, dissolved
oxygen levels were higher in deeper water (0.866 corre-
lation), supporting the concept that greater depth enhanc-
es oxygen retention, benefiting oxygen-dependent organ-
isms [20, 21]. These interactions highlight the complex
balance of physical and chemical factors in shaping
aquatic environments.

Dissolved oxygen (DO) levels were lowest in February
before increasing in March, which may be attributed to
temperature variations and organic matter decomposi-
tion. Lower DO levels can create stressful conditions for
aquatic organisms, while higher levels enhance species
diversity [18]. The biochemical oxygen demand (BOD)
dropped in February and slightly increased in March,
suggesting variations in organic matter decomposition
rates. Elevated BOD levels are often associated with in-
creased microbial activity and organic pollution, leading
to oxygen depletion and impacting aquatic biodiversity
[19, 20].

Correlation analysis revealed strong relationships be-
tween water quality parameters. Turbidity exhibited a
significant negative correlation with both pH (-0.963)
and TDS (-0.957), indicating that higher turbidity levels
contribute to lower pH and reduced mineral content.
These findings align with research showing increased
turbidity can limit light penetration and alter water chem-
istry [21, 22]. Conversely, suspended solids positively
correlated with pH (0.993) and TDS (0.990), suggesting
that particulate matter contributes to increased alkalinity
and dissolved mineral content, which may influence spe-
cies distribution [23].

Macroinvertebrate abundance varied among taxa, with

Bivalva (309.90 + 64.85) and Malacostrata (300.00 +
36.76) being the most prevalent. This suggests that these
groups thrive under the observed water conditions, par-
ticularly in clearer waters with stable pH levels. In con-
trast, Crustacea had the lowest abundance (107.50 =+
23.85), likely due to sensitivity to fluctuating water
chemistry or habitat conditions. Similar trends have been
reported in studies examining macroinvertebrate respons-
es to environmental stressors [28, 29].

Environmental factors played a critical role in macroin-
vertebrate diversity. Turbidity negatively impacted spe-
cies such as Gastropoda, Bivalva, and Insecta, as indicat-
ed by its strong negative correlation with pH (-0.963).
High turbidity can reduce food availability and degrade
habitat quality, lowering species richness [30]. Converse-
ly, temperature positively correlated with pH (1.000),
promoting diversity in Oligochaeta, Malacostrata, and
Crustacea. Temperature-driven pH changes can influence
nutrient availability, supporting macroinvertebrate
growth and reproduction [31].

In conclusion, the findings emphasize the importance of
monitoring water quality to assess its ecological impact.
Managing turbidity and regulating temperature fluctua-
tions are crucial for maintaining macroinvertebrate diver-
sity in freshwater ecosystems. Future research should
focus on long-term trends and anthropogenic influences
to inform conservation strategies and sustain aquatic hab-
itats.
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