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Abstract: The distribution and abundance of aquatic
macroinvertebrates, along with physicochemical parameters, were
meticulously examined in Pindiga Lake. The primary objectives
were to identify the families of aquatic macroinvertebrates, to
assess their abundance across selected sampling locales, and to
investigate the influence of physicochemical parameters—namely
air and water temperature, pH, electrical conductivity, dissolved
oxygen, biochemical oxygen demand, turbidity, nitrate, and
phosphate—on their distribution and abundance. The lake was
stratified into four sampling stations designated as A, B, C, and D.
Samples were meticulously collected using aquatic nets from each
sampling station biweekly over a span of six months. Physical and
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various orders and families. Analysis of Variance (ANOVA) was
employed to ascertain any significant variations among the four sampling stations within the lake. All measured
physicochemical parameters were observed to be within tolerable limits conducive to aquatic productivity. The collected
aquatic macroinvertebrates were identified utilizing taxonomic keys, and their distribution and abundance were estimated
using Simpson's and Margalef's richness indices. The results revealed a total of 200 individual species of aquatic
macroinvertebrates belonging to 9 genera across five taxa: Odonata, Decapoda, Diptera, Plecoptera, and Trichoptera. The
Order Diptera constituted 74%, Decapoda 3.5%, Trichoptera 0.5%, while Plecoptera and Odonata each comprised 11% of
the total identified macroinvertebrates. The Simpson’s species diversity index for the five taxa were as follows: Odonata
(0.01), Decapoda (0.001), Plecoptera (0.01), Diptera (0.5), and Trichoptera (0). The Margalef index of genera richness yielded
the following results: Odonata (0.434), Decapoda (0), Plecoptera (0), Diptera (1.3), and Trichoptera (0). The findings of this
study indicate that Pindiga Lake is a highly productive ecosystem capable of supporting extensive ecological studies;
therefore, the imperative to maintain its integrity is of paramount importance.

Keywords: Macroinvertebrates, Physicochemical parameters, and Pindiga Pond

impact of all terrestrial ecosystems due to their distinctive
amalgamation of land and water (Sui etal.,, 2017). According
to Galloway et al. (2004), wetlands are crucial for mitigating
greenhouse gas emissions, conserving biodiversity, and
regulating the equilibrium of the Earth's ecosystems.

1. Introduction

Wetland ecosystems account for 5-8% of the Earth's surface
area (Sui et al,, 2017). They exhibit the most remarkable
biodiversity, highest productivity, and greatest ecological
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Furthermore, Dudgeon et al. (2016), Carlson et al. (2013),
and Narangarvuu et al. (2014) posited that aquatic
ecosystems are significantly affected by large-scale
agricultural expansion, which adversely influences their
overall quality by directly altering habitats, channel
structures, and water quality, thereby posing a formidable
threat to aquatic biodiversity.

Nevertheless, water remains one of the most indispensable
resources for all forms of life. It plays a vital role in
agriculture, transportation, manufacturing, and numerous
other human endeavors. According to Fakayode and Ajeam-
Ragae (2005), despite its paramount importance, water is
among the most poorly managed resources globally and is
contaminated by various sources. However, due to the
escalation of diverse human activities and certain natural
processes, water quality is continually deteriorating,
thereby posing a significant threat to all forms of life,
including humans (Khan et al, 2012). The primary
environmental issues affecting water quality stem from
both point and non-point sources of pollution, a situation
exacerbated by the inadequate treatment of domestic
waste.

In agricultural regions, for instance, the routine application
of chemical fertilizers, pesticides, and herbicides
constitutes a major source of contamination (Altman et al.,
1995; Emongor et al., 2005). Although the abundance of
aquatic macroinvertebrates is substantially bolstered by
high-quality =~ water, as evidenced by balanced
physicochemical parameters, urban areas suffer from the
indiscriminate disposal of industrial effluents and other
waste products, which further contribute to water
contamination and degradation (Emongor et al., 2005;
Belay, 2013). Rivers and lakes serve as the primary sources
of both drinking water and irrigation for agriculture, and
they also play a crucial role in transportation, soil fertility
maintenance, forest resource development, and wildlife
conservation, as articulated by Sikder et al. (2013).

Moreover, Sumuk et al. (2001) and Gebrekidan et al. (2011)
reported that inappropriate disposal of industrial effluents
and other municipal wastes significantly contributes to
poor water quality, adversely affecting numerous aquatic
organisms; consequently, many rivers in urban centers of
developing countries become the final destination for
industrial effluents and municipal discharges. Despite this,
regular monitoring of the physicochemical parameters of
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water bodies has been conducted for decades in various
developed nations, as noted by Akan et al. (2008) and Ugwu
et al. (2012). The assessment of overall water quality and
dissolved metal concentrations in aquatic ecosystems has
been extensively studied (Kido et al., 2009; Turekian, 1969).
However, there exists a paucity of research regarding water
quality and pollution status of rivers in developing
countries (Belay, 2013; Akan et al., 2008).

Pindiga Lake serves predominantly as a vital source of
drinking water and irrigation for the local populace.
However, due to anthropogenic activities, numerous
adverse impacts ensue on the abundance and distribution
of aquatic macroinvertebrates, posing significant threats to
the ecosystem and overall water quality. It is thus
imperative to monitor the abundance of aquatic
macroinvertebrates in relation to physicochemical
parameters to maintain the ecological balance and water
quality of the lake. The objective of this study is to
determine the distribution and abundance of aquatic
macroinvertebrates in relation to the physicochemical
parameters of Pindiga Lake, situated in the Akko Local
Government Area of Gombe State.

2. Materials and Method

2.1 Study Area

The study was conducted at Pindiga Lake, situated between
latitude 10.13'150N and longitude 11.11°190E. The lake is
approximately 1 km from Pindiga town (see Figure 3.1)
within the Akko Local Government Area of Gombe State.
Pindiga is located at a latitude of 9.98 and a longitude of
10.93, at an elevation of 523 meters above sea level.
According to the 2006 census, the town has a population of
106,322, making it the second most populous town in the
Akko Local Government Area of Gombe State.

2.2 Sampling Stations

For the purpose of this study, the lake was stratified into
four sampling stations labeled A, B, C, and D, based on
preliminary investigations conducted along the lake. The
surrounding villages utilize the entire lake for various
activities, including  bathing, washing, livestock
consumption, and water collection, encompassing all four
sampling stations.

2.3 Water Sampling and Regime

Water samples were collected biweekly from each of the
four sampling stations, and the mean values across these
stations were calculated and recorded. The study was
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conducted from March to August 2019, with sampling
occurring between 8 AM and 10 AM twice each month.

2.4 Determination of Physico-Chemical Parameters

Air Temperature

A bulb mercury thermometer was exposed to the air at each
sampling station for approximately 1-2 minutes (Saidu et
al,, 2016), and the temperature reading was recorded in
degrees Celsius (°C).

Water Temperature

A bulb mercury thermometer was employed in situ by
submerging it in the water at each sampling station for
around 1-2 minutes to ascertain the water temperature
(Mohammed et al., 2017), with readings duly noted.

Water pH
To assess the pH levels of the water across all sampling
stations, a pH meter was utilized by immersing it for 2-3
minutes in a beaker containing 100 ml of water from each
station (Saidu et al, 2016), with readings recorded
promptly.

Electrical Conductivity (EC)

An electrical conductivity meter was employed to measure
the conductivity at all sampling stations. A wide-mouthed
beaker containing the water sample was utilized, with the
tip of the conductivity meter submerged for 2-3 minutes to
allow for stable readings (Saidu et al., 2016).

Total Dissolved Solids (TDS)

A TDS meter was utilized to ascertain the total dissolved
solids across all sampling stations. The tip of the TDS meter
was immersed in a beaker containing 100 ml of water from
each station for a duration of 2-3 minutes to ensure
consistent readings (Saidu et al,, 2016).

Turbidity

Turbidity measurements among the four sampling stations
were conducted using a black and white Secchi disk (Isah et
al,, 2018). The disk was gradually lowered at each sampling
station, and the depths at which it disappeared (X1) and
reappeared (X2) were recorded, with averages estimated
for both points.

Dissolved Oxygen

To determine the levels of dissolved oxygen at the four
sampled stations, a Hanna Dissolved Oxygen
microprocessor (HI 98186) was utilized. The electrode was
submerged in a 100 ml beaker containing water from each
station for 2-3 minutes (Isah et al,, 2018), and the readings
were recorded in parts per million (ppm).
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Biochemical Oxygen Demand

The biochemical oxygen demand of the sampled water was
also determined using the Hanna Dissolved Oxygen
microprocessor (Isah etal.,, 2018). Water samples from each
station (100 ml) were kept in a dark cupboard at room
temperature and incubated for five days. After the
incubation period, the difference between the initial and
final oxygen demand values was recorded as the
biochemical oxygen demand of the water samples.

Nitrate

Nitrate concentrations in the samples were assessed using
the HACH multiparameter model DR900 colorimeter. Nitra
ver. 5 nitrate reacto reagent was added to a 20 ml
colorimeter vial containing the collected samples, which
were then placed in the colorimeter compartment, covered,
and allowed sufficient time for stable readings to be
obtained (APHA, 2005). The resulting values were recorded
in mg/1.

Phosphate

To measure phosphate concentrations across the four
sampling stations, the HACH multiparameter model DR900
was employed. Armstrong reagent was added to the
collected sample in a 20 ml colorimeter vial, which was then
placed in the colorimeter compartment, covered, and
allowed adequate time for stable readings (APHA, 2005).
The resulting values were recorded in mg/1.

2.5 Aquatic Macroinvertebrates

Sampling

Aquatic macroinvertebrates were collected using an aquatic
insect net with a mesh size of 55 um, by sweeping
horizontally and dragging in various directions at each of
the four sampling stations. The collected samples were
preserved in a 4% formalin solution and transported to the
Gombe State University Biological Sciences Laboratory for
subsequent sorting, identification, and enumeration.

Preservation

The collected samples of aquatic macroinvertebrates were
transferred into transparent plastic bottles and preserved
with a 4% formalin solution (Isah et al., 2018).

Transportation

The collected samples were transported in a cooler
containing ice blocks to the laboratory for further analysis.

Labeling

The transparent bottles containing the collected aquatic
macroinvertebrates were labeled with the date, time of
sampling, study area, and the name of the sampling station

AUN J. Pure Appl. Sci. 1,1, 39-54



AUN Journal of Pure and Applied Sciences

journals.aun.edu.ng/index.php/aunjpas/index

(A, B, C, or D) affixed prominently for further analysis (see
Figure 3.6).

Sorting

Using hand gloves, each individual aquatic
macroinvertebrate was sorted from the plastic bottles onto
a white laboratory tray for enhanced identification.

Identification

The collected samples of aquatic macroinvertebrates from
each station were identified through taxonomic
classification based on their physical appearance and
characteristics. A hand lens was utilized to identify the
collected larvae and smaller organisms not visible to the
naked eye.

Counting

The aquatic macroinvertebrates collected from each bottle
were counted and recorded according to their respective
stations for further analysis.

2.6 Statistical Analysis

Microsoft Excel software was employed to analyze the
abundance and distribution of aquatic macroinvertebrates
in the study area. To assess the species diversity of the
collected aquatic macroinvertebrates, Simpson’s
biodiversity index was applied. The formula for Simpson'’s
index is expressed as follows:."""

_ In(n—1)]
[N(N - 1)]
Where: n = the number of individuals in genera and
N = the total number of individuals.

To scrutinize the community structure, the Genera Richness
Index (d) was utilized in accordance with the methodology
established by Margalef (1958). The equation employed is
delineated below:

-1
1=
(LogN)
Where:D1 = Genera richness index
S = Number of Genera within a population
N = Total number of individuals across S genera.

A one-way analysis of variance was employed to ascertain
the significant differences in mean physico-chemical
characteristics among the sampling stations, while the least
significant difference method was utilized to delineate the
means where significant disparities were identified. In
examining the correlation between physico-chemical
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parameters and the abundance and distribution of aquatic
macroinvertebrates, correlation analysis was conducted at
a significance level of P<0.05.

3. Results

3.1 Physico-chemical Characteristics

The analysis of the physico-chemical parameters across
the four sampling stations in Pindiga Lake revealed no
statistically significant variations (P<0.05). As delineated in
Table 1, the mean values for Air Temperature
(34.45+1.29°C), Water Temperature (24.68+1.19°C), Water
pH (7.32+0.51), Electrical Conductivity (296.10+9.35
uS/cm), Dissolved Oxygen (4.70+0.38 mg/1), Biochemical
Oxygen Demand (2.39+0.24 mg/l), Nitrate (10.9+0.47
mg/1), and Phosphate (2.99+0.25 mg/l) all fell within
acceptable limits, as the least significant differences
exceeded the mean differences among the sampling
stations.

Air Temperature

The lowest mean Air Temperature (32.13°C) was
observed in August, while the highest mean (38.2°C) was
recorded in March. However, it is noteworthy that almost all
stations exhibited a comparable mean Air Temperature of
34°C, with the lowest value (34.15+1.4°C) documented at
Station C and the highest value (34.94+1.12°C) at Station D,
respectively. Water Temperature Although all four stations
demonstrated nearly identical temperature readings as
presented in Table 1, the lowest mean water temperature of
24.39+0.94°C was recorded at Station A. Notably, the lowest
mean water temperature (21.38°C) occurred in June, while
the highest water temperature (28.88°C) was observed in
March, as detailed in the data. Water pH The lowest pH
value (7.07) was recorded in March, whereas the highest
(7.49) was noted in August, as illustrated in Figure 2.
However, analysis of the standard error of the mean
indicates that there was no statistically significant
difference at P<0.05 among the sampling stations, as the
least significant difference exceeded the variations between
the means, as presented in Table 1. Electrical Conductivity
The lowest Electrical Conductivity (264.5 pm/S) was
recorded in July, while the highest value (321.25 um/S) was
noted in April (Figure 3). The highest mean value of
300.25+10.4 um/S was observed at Station B, in contrast to
the lowest mean value of 292.08+8.8 um/S recorded at
Station D, as revealed in Table 1.
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Total Dissolved Solids

As presented in Table 1, the highest Total Dissolved
Solids Mean value (150.13%#5.2mg/l) was recorded in
Station B and the least value (146.04+4.4mg/l) was

recorded in Station D. Nevertheless, the Total Dissolved
Solids mean value was observed to have recorded the
highest value (160.63mg/1) in April while in July the lowest
value (132.25mg/1) was recorded as presented in Figure 4

Table 1: Average Values of Physico-Chemical Characteristics Across the Four Sampling Stations in Pindiga Lake, Gombe State,

Nigeria.
Stations AT WT Water pH EC TDS
Station A 34.24+1.242 24.39+0.942 7.31+0.92 298.8+8.812  149.67+4.52
Station B 34.48+1.32  24.91+1.22 7.45+0.062  300.25+10.42 150.13+5.22
Station C 34.15x1.42  24.95+1.32 7.28+0.082  293.83+9.42  146.92+4.72
Station D 34.94+1.212 24.95%1.282 7.24+1.02 292.08+8.82 146.04+4.42
Mean 34.45+1.292  24.68+1.192 7.32+£0.512  296.10+9.352 148.19+4.72
LSD Value 2.037 3.74 2.09 73.93 29.48
Stations Turbidity DO BOD Nitrate Phosphate
Station A 20.33+1.342 4.88+0.2972 2.33+0.212  9.16%0.72 2.86+0.192
Station B 18.5+0.92 4.5£0.542 2.23¥0.292  10.46x0.4*  2.99x0.22
Station C 19.8+0.722  4.63+0 .422 2.35%#0.262  10.23+0.352 3.10+0.182
Station D 21.0£0.582  4.78+0.262 2.64+0.242  10.49+0.392 2.99%0.252
Mean 19.9+0.892  4.70+0.382 2.39+0.242  10.09+0.472 2.99+0.252
LSD Value 7.19 3.05 2.27 3.74 1.59

AT = Air Temperature. WT = Water Temperature. EC = Electrical Conductivity TDS = Total Dissolved Solids. DO = Dissolved

Oxygen. BOD = Biochemical Oxygen Demand

Turbidity

Turbidity was observed to have recorded lowest value
(16.88) in the month of May and the highest value (22.75)
was recorded in March as revealed by figure 4.6. however,
Table 1 presented the highest Turbidity mean value of
21.0+£0.50 at Station D and the lowest mean value of
18.5+0.9 at Station B.

Dissolved Oxygen

In Table 1 Dissolved Oxygen was observed to have the
highest mean value (4.88+0.29mg/1) at Station A and the
lowest mean value (4.50+0.54mg/1) at Station B. However,
3.6mg/1 was the lowest value recorded in the month of
March while the highest value of 5.7mg/1 was recorded in
August as presented in figure 4.7 Biochemical Oxygen
Demand

The highest mean value of 2.64+0.29mg/1 was recorded in
Station D and the lowest mean value of 2.23+0.29mg/] was
recorded in Station B (Table 4.1). However, the highest
Biochemical Oxygen Demand value of 3.18mg/l was
recorded in the month of July while the lowest value of
1.89mg/1 was observed to have been recorded in March
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Nitrate

The highest mean value of 10.49+0.39mg/]1 was recorded in
Station D and the lowest mean value of 9.16+0.7mg/1 was
recorded in Station A as revealed by Table 1. However,
Figure 4.8 revealed the highest Nitrate mean value of
10.98mg/1 in the month of May while the lowest mean value
of 8.79mg/1 was recorded in July.

Phosphate

Table 1 revealed the highest mean value (3,10+0.1mg/1) of
phosphate in Station C while the lowest value
(2.86+0.19mg/1) was recorded in Station A. The highest
mean value of 4.1mg/l however, was recorded in the month
of August while in March, the lowest mean value of 2.4mg/1
of phosphate was recorded

Aquatic Macroinvertebrates distribution and
abundance in Pindiga lake, Gombe State, Nigeria.

A total of 200 individuals’ aquatic macroinvertebrates
comprising of nine different species among the five orders
of: Odonata, Decapoda, Plecoptera, Diptera and Trichoptera
were recorded during the study period. Order Diptera were
the most abundant taxon comprising of 74% of the total
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aquatic macroinvertebrates discovered during the period of
this study. The order Odonata and Plecoptera comprises
11% each of the total macroinvertebrates discovered during
the period under review. Also, the study revealed 3.5% and
0.5% abundance of the order Decapoda and Trichoptera
respectively. However, in Station A, 20 individual
macroinvertebrates, comprising 6 different species out of
four Orders were discovered. In Station B, 15 individual
Macroinvertebrates were observed comprising of six
different species out of four Orders and in Station C 101
individuals were recorded comprising five species out of

five Orders while in Station D, 64 individuals were observed
comprising five species out of four Orders as presented in
Table 2.

However, the Simpson species diversity index for the five
Aquatic Macroinvertebrates taxa of Odonata, Decapoda,
Plecoptera, Diptera and Trichoptera were: 0.012, 0.0011,
0.012, 0.055 and 0.00 respectively (Table 3) while the
Margalef index of genera richness of Odonata, Decapoda,
Plecoptera, Diptera and Trichoptera were: 0.434, 0, 0, 1.3
and 0 respectively.

Table 2: Checklist of the Aquatic Macroinvertebrates’ abundance in Pindiga lake, Gombe State, Nigeria.

Aquatic Macroinvertebrates Taxa Station A  StationB  StationC  StationD  Total
Odonata

Zygoptera 1 4 1 6
Anisoptera 4 4 3 5 16
Decapoda

Gastropoda 3 0 2 2 7
Plecoptera

Stoneflies 9 3 6 4 22
Diptera

Trueflies 1 1 0 0 2
Culicidae 0 2 89 52 143
Tipulidae 1 0 0 1
Cerotopogonidae 1 0 1 2
Trichoptera

Hydropsychidae 0 1 0 0 1
Grand Total 20 15 101 64 200

3.2 Relationship the

Characteristics

among Physico-chemical

The correlation matrix showing the relationship among the
physico-chemical characteristics of the study area is
presented in Table 3. It was observed that, Water pH,
Dissolved Oxygen, Biochemical Oxygen Demand and
Phosphate correlated negatively to Air Temperature while
Water Temperature, Electrical conductivity, Total Dissolved
Solids and Turbidity correlated positively with Air
Temperature. Also, Water Temperature correlated
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negatively with Water pH, Dissolved Oxygen, Biochemical
Oxygen Demand and Phosphate whereas, Water pH
correlated negatively with Turbidity and positively
correlated to Biochemical Oxygen Demand, Nitrate and
Phosphate.

However, it was also observed that, the Electrical
Conductivity correlated highly positively to Total Dissolved
Solids while highly negatively correlated to Dissolved
Oxygen and the correlation between Nitrate and Phosphate
is also observed to have been highly positive during the
period of the study.
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Table 3: Simpson and Margalef index of Aquatic Macroinvertebrates abundance in Pindiga lake, Gombe State, Nigeria.

Aquatic Macroinvertebrates Station A Station B Station C  Station D Total Simpson Margalef
Odonata 5 8 3 6 22 0.012 0.434
11%
Decapoda 3 0 2 2 7 0.0011 0
3.50%
Plecoptera 9 3 6 4 22 0.012 0
11%
Diptera 3 3 90 52 148 0.55 1.3
74%
Trichoptera 0 1 0 0 1 0 0
0.50%
Total 20 15 101 64 200
Genera number 4 4 4 4
Distribution (%) 10 7.5 50.5 32 100
3.3 Relationship between Physico-chemical Order Plecoptera
Characteristics and Aquatic Macroinvertebrates’

Abundance in Pindiga Lake, Gombe State, Nigeria.
Order Odonata

Figure 3 illustrates the correlation between the abundance
of aquatic macroinvertebrates and various physico-
chemical characteristics within the study area. The Order
Odonata exhibits a pronounced negative correlation with
Air Temperature, Water Temperature, Electrical
Conductivity, and Total Dissolved Solids. Conversely, the
correlation between Odonata and Nitrate is negligibly
negative. In stark contrast, the relationships between
Dissolved Oxygen, Biochemical Oxygen Demand, and
Phosphate with Odonata are markedly positive, whereas pH
and Turbidity demonstrate a minimal positive correlation
with the Order Odonata throughout this investigation.

Order Decapoda

The correlation between the order Decapoda and air
temperature, water temperature, and turbidity is markedly
positive, whereas electrical conductivity and total dissolved
solids exhibit a positive correlation with the order
Decapoda, albeit with negligible values, as illustrated in
Figure 1. Conversely, phosphate, nitrate, and pH
demonstrate a negative correlation with Odonata, while
their relationship with dissolved oxygen and biochemical
oxygen demand is significantly negative, according to this
study.
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The correlation between the order Plecoptera and air
temperature, electrical conductivity, total dissolved solids,
turbidity, biochemical oxygen demand, and phosphate is
negligibly positive. In contrast, nitrate, dissolved oxygen,
pH, and water temperature exhibit a negative correlation
with Plecoptera, also characterized by negligible values, as
presented in Figure 1.

Order Diptera

The correlation between the order Diptera and pH, as well
as electrical conductivity, is highly positive. Meanwhile, air
temperature, water temperature, total dissolved solids, and
nitrate show a positive correlation with the order Odonata,
though with negligible values. However, turbidity is highly
negatively correlated with Odonata, while its correlation
with biochemical oxygen demand and phosphate is
negligibly negative, as demonstrated in Figure 4.16.

Order Trichoptera

The order Trichoptera exhibits a strong positive correlation
with phosphate, biochemical oxygen demand, dissolved
oxygen, and pH, while its correlation with nitrate and
turbidity is weakly positive. Conversely, the relationship of
Trichoptera with air temperature, electrical conductivity,
total dissolved solids, and nitrate is negligibly negative, yet
it demonstrates a significant negative correlation with
water temperature, as shown in Figure 1
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Table 4: Correlation matrix showing relationship among the Physico-chemical characteristics in Pindiga lake Gombe State,

Nigeria
Air Temp Water T. pH E.C TDS Turbidity DO BOD NO3 P04
Air Temp 1
Water T. 0.98* 1
Water pH -0.14 -0.31 1
E.C. 0.84* 0.7* 0.32 1
TDS 0.84* 0.71* 0.31 0.99* 1
Turbidity 0.14 0.21 -0.64* -0.11 -0.1 1
DO -0.95* -0.95* 0.35 - 0.72*  -0.19 1
0.71*
BOD -0.89* -0.85* 0 - 0.76*  0.06 0.19 1
0.75*
Nitrate 0.25 0.06 0.9* 0.68* 0.68* -0.42 -0.02 0.28 1
P03 -0.29 -0.44 0.64* 0.17 0.17 0.05 0.49 0.41 0.66* 1
Note: Correlations with asterisk implies significance at P<0.05
4 Discussion aquatic environments significantly influences the

4.1 Physico-chemical Parameters

The elevated mean values of air temperature recorded in
May during this study can be attributed to the prevailing
vegetation cover at that time and the atmospheric
conditions preceding the onset of the rainy season.
Conversely, the peak values observed in March may be a
consequence of the intense heat characteristic of the dry
season. Water temperature was notably higher in March,
April, and May, which could elucidate the diminished
number of individual macroinvertebrates identified across
all sampling stations compared to the months of June, July,
and August. This assertion aligns with the findings of
Pelczar and Noel (2005), who noted that the temperature of
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proliferation and survival of aquatic organisms, as well as
the solubility of gases and salts.

Nevertheless, the study revealed a low pH in March,
potentially due to the concentration of acid-forming
chemicals such as phosphate and nitrate during that period.
pH serves a crucial role in determining water quality, as it
influences the solubility and toxicity of various chemicals. In
concordance with Fakayode's (2005) assertion that
“freshwater with pH ranges of 6.0 - 9.0 has been noted to be
productive and suitable for fish culture,” this study
demonstrated an average pH of approximately 7 across all
sampling stations, rendering Pindiga Lake conducive for
fish cultivation based on its pH value.
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Figure 2: Relationship between Physico-chemical characteristics and Aquatic Macroinvertebrates’ abundance in Pindiga
lake Gombe State, Nigeria.

The heightened turbidity values observed in July and
August across all sampling stations may be ascribed to the
influx of turbid floodwaters from nearby streams, channels,
and runoff into the lake, which in turn diminishes light
penetration within the water body. This phenomenon may
also stem from the prevalence of heavy cloud cover during
the rainy season, further impeding light penetration.

These findings resonate with the reports of Ugwumba and
Ugwumba (1993), Koloanda and Oladimeji (2004), and
Ayoade et al. (2006), who investigated various man-made
water bodies. The highest mean concentrations of
phosphate and nitrate recorded in August across all
sampling stations during this study are likely attributable to
runoff or flooding during the rainy season, a finding
corroborated by Ibrahim etal. (2009) and Patil etal. (2011).
The peak concentrations of dissolved oxygen observed
during this study in June, July, and August, contrasted with
the lower concentrations recorded in March, April, and May,
could be linked to the aeration of the lake during the rainy
season and the elevated temperatures during the dry
season, which consequently reduce the oxygen
concentration in the lake. Similar observations have been
reported by Mason (1990), Idowu and Ugwumba (2005),
Ikomi et al. (2005), and Chakraborty et al. (2013).

Conversely, the diminished biochemical oxygen demand
recorded in March and April during this study may result
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from increased water temperatures and the subsequent rise
in the metabolic rates of aquatic organisms during the
majority of the dry season. This contradicts the
observations made by Ayoola and Ajani (2009) and Idowu
et al. (2013), who reported elevated rates of biochemical
oxygen demand.

It was further observed throughout the study period that
the mean values of total dissolved solids and conductivity in
March and April were relatively elevated compared to those
in July and August, a phenomenon likely attributable to
lower water levels resulting from evaporation due to the
intense heat associated with elevated temperatures.

4.2 Biological Parameters

This study observed a pronounced concentration of
dragonflies at station B, potentially attributable to the rich
vegetation present in the area. This finding aligns with the
report by Fulan et al. (2010), which elucidated that the
concentration of dragonflies is influenced by the type of
vegetation within aquatic ecosystems, as alterations in
marginal vegetation can significantly impact the species
composition of dragonflies due to ecological overlap.
Nevertheless, the Odonata species documented in this study
exhibited a relatively widespread distribution across all
sampling stations, suggesting that the study area
accommodates both generalist and habitat specialist
species. Consequently, the identified species may be
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classified as widespread generalists, capable of thriving
throughout the entire lentic ecosystem, including open
tracts of land where ephemeral water bodies are prevalent
during the rainy season. This observation, however,
contradicts the assertions made by Subramanian et al.
(2008), which indicated that several Odonata species, such
as Libellago lineata and Aciagrion hisopa, are confined to
specific habitats.

Furthermore, while Fulan et al. (2008) noted that the
distribution and abundance of Zygoptera were
predominantly influenced by reed vegetation, and
Anisoptera were largely affected by shade, the findings of
this study revealed a preference for open tracts of land with
minimal or absent shade among Anisoptera species, with 22
individuals recorded herein. In contrast, Ameen and Nessa
(1985) documented twenty-three species of aquatic
Hemiptera from ponds and lakes in and around Dhaka City,
which starkly contrasts with the findings of this study that
recorded zero Hemiptera species across the four sampling
stations of Pindiga Lake. Additionally, the report by Khan et
al. (1997), which noted the presence of larvae from thirty
Chironomidae of the order Diptera in central, eastern, and
southeastern Bangladesh, diverges from this study's
findings, which highlighted an increased abundance of
Culicidae at stations C and D, while Ceratopogonidae,
Tipulidae, and Trueflies were distributed across stations A
and B. The solitary species of Hydropsychidae from the
order Trichoptera observed at Station B throughout the
study period may be indicative of minimal anthropogenic
activities in the vicinity, which likely mitigated
environmental stress. This observation resonates with
Armitage's (1983) assertion that Ephemeroptera,
Plecoptera, and Trichoptera taxa are particularly sensitive
to environmental stressors. The study observed a
widespread distribution of Plecoptera across all sampling
stations, which is inconsistent with their findings.

In agreement with the research conducted by Dinakar and
Anbalagan (2006), which highlighted the anthropogenic
impacts on aquatic insects in six streams of the
southwestern Ghats of India, this study documented a
complete absence of Trichoptera in stations A, C, and D,
likely due to heightened anthropogenic pressures in those
areas compared to station B, which exhibited comparatively
lower anthropogenic influences. Thani and Phalaraksh
(2008) investigated the diversity of aquatic insects and
water quality in the Mekong River of Thailand, reporting
that the highest diversity of aquatic insects was attributed
to the order Ephemeroptera, Plecoptera, and Trichoptera
(EPT taxa). This finding contradicts the present study, which
recorded no Ephemeroptera throughout the study period
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across all sampled stations. However, the abundance of
Plecoptera in all four sampling stations in this study is
consistent with their findings, potentially validating the
water quality of Pindiga Lake. Suhaila et al. (2014) also
reported a high abundance of EPT taxa, which peaked
during the wet season and remained elevated during the dry
season (27°C) in the Tupah River, Kedah.

According to Wihazatul et al. (2011), Culicidae likely
represent the most diverse and abundant group among all
stream macroinvertebrates. This assertion is corroborated
by this study's findings, which indicated that Diptera
comprised over 70% of the total macroinvertebrates
identified throughout the study period, with Culicidae
species constituting more than 90% of the identified
Diptera. The findings of this study stand in contrast to
Pinder's (1986) report, which characterized the family
Chironomidae as the most abundant group in freshwater
communities in Thailand. Excluding the order
Ephemeroptera, a variety of individuals from the orders
Odonata, Decapoda, Diptera, and Plecoptera were recorded
across nearly all four sampling stations, while Trichoptera
was exclusively identified at station B.

It was also observed during the course of this study that the
highest number of macroinvertebrate individuals (172),
accounting for 86% of the total 200 individuals observed
throughout the study period, were recorded during the
months of March, April, May, and June, whereas the
remaining individuals (28), constituting 14%, were noted
during the peak rainy months of July and August. This
observation aligns with the findings of Ohiokhioya et al.
(2009), which indicated that the community composition of
aquatic macroinvertebrates exhibits seasonal variability,
characterized by a trend toward a declining proportion
during the rainy season and an increasing proportion
during the dry or low-water season.

The solitary species of Trichoptera observed during the
study period in Pindiga Lake was identified in August, likely
due to the heightened water volume in the lake during that
time, which is consistent with the findings of Ghosh and
Singh (2005), who noted that the daily abundance of adult
Trichoptera reached a maximum in September. It is widely
believed that the influence of the rainy season may enhance
feeding opportunities and facilitate access to breeding sites,
as well as meet the various ecological requirements
conducive to the survival of macroinvertebrates within the
aquatic ecosystem. Contrary to this assertion, however, of
the seven gastropod species identified during this study,
three were observed in March, while the remaining four
were recorded at a rate of one per month, with the exception
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of July, during which no Gastropoda species were
documented. Okafor (1990) posited that rainfall influences
the quality of snail habitats, rendering them suitable or
otherwise for molluscan populations and their abundance
within aquatic environments. This observation is consistent
with the findings of this study, which revealed a higher
number of snails in March compared to the remaining
months under review.

Moreover, the monthly pattern of snail abundance in this
study aligns with the observations made by Obureke
(1990), Okafor (1990), and Omudu and Iyough (2005). The
pronounced distribution and abundance of snails recorded
in this study during March may be ascribed to the
availability of food, shelter, and oviposition sites. This
finding corroborates the reports of Whitton (1975) and
Omudu and Iyough (2005), who noted that water bodies
abundant in organic and silt matter are known to support
thriving populations of macroinvertebrates.

According to this study, temperature emerges as one of the
most critical factors influencing the abundance and
distribution of mollusks in Pindiga Lake, as the highest
mean values for both air and water temperatures were
recorded in March, coinciding with the peak number of
snails observed. As documented by Arad et al. (1992, 1993),
Okafor (1991), and Idowu et al. (2005), climate and
microhabitats are the primary determinants of species
resistance to desiccation, as well as the availability,
distribution, and abundance of mollusks in freshwater
environments. These factors were likewise observed to play
a pivotal role in the distribution of snails in this study.

4.3 Correlation between Physico-chemical Parameters
and Aquatic Macroinvertebrates’ Abundance

As articulated by Martinez-Sanz et al. (2004) and Orwa et al.
(2014), the variability in the functional organization of
aquatic macroinvertebrate communities reflects alterations
in physico-chemical characteristics, such as diminished
dissolved oxygen concentration and the availability of food
sources in certain streams in Ethiopia. This assertion aligns
with the findings of the current study, wherein the
abundance of Trichoptera and Odonata was augmented by
elevated levels of nitrate and phosphate across all sampling
stations. The EPT taxa exhibited a relative decline in
response to increasing nutrient concentrations (Martinez-
Sanz et al, 2004). Consistent with this observation, the
present study revealed a decrease in the abundance of the
Order Plecoptera concomitant with rising nutrient levels,
whereas Trichoptera abundance exhibited an increase
correlated with heightened nitrate concentrations, as
illustrated in Figure 3.
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During this investigation, it was noted that higher dissolved
oxygen concentrations facilitated an increase in the
abundance and distribution of the order Odonata across all
sampling stations. Seshi-Kala (2012) elucidated that
aquatic macroinvertebrates and microorganisms are
dependent on dissolved oxygen, which is essential for their
growth and reproductive success. Elevated biochemical
oxygen demand signifies reduced dissolved oxygen levels;
consequently, low oxygen concentrations induce stress,
disease, stunted growth, and, in extreme cases, mortality.
The oxygen requirements of freshwater macroinvertebrates
vary among species. Organisms necessitating high
concentrations of dissolved oxygen, such as mayfly nymphs,
stonefly nymphs, and caddisfly larvae, tend to migrate away
or perish under unfavorable conditions. Notably, the order
Ephemeroptera was found to be entirely absent from all
sampling stations throughout this study, while Plecoptera
was observed in negligible quantities; conversely,
Trichoptera abundance increased in relation to rising pH,
nitrate, and phosphate levels, corroborating the findings of
Martinez-Sanz et al. (2004). The elevation of nitrate and
phosphate levels, leading to diminished dissolved oxygen,
adversely affects the viability of certain macroinvertebrates,
as evidenced in this study, which is consistent with the
conclusions drawn by Martinez-Sanz et al. (2004). The
absence of critical taxa such as Ephemeroptera across the
sampling stations substantiates this explanation. In the
polluted sites of water bodies, the heightened nutrient
enrichment and organic loading result in the presence of
only those organisms possessing specialized physiological
and morphological adaptations, thereby agreeing with the
report of Sultana and others.

5. Conclusion

The findings regarding the physico-chemical characteristics
obtained in this study fall within the permissible thresholds
for freshwater ecosystems and support the coexistence of
benthic aquatic macroinvertebrates, thereby fostering
enhanced productivity. The relatively low abundance of
aquatic macroinvertebrates in Pindiga Lake, with a total of
200 individuals—of which 89, constituting 44.5%, are
mosquito larvae, while the remaining 111, representing
55.5%, comprise other aquatic macroinvertebrates—
indicates that the lake is experiencing considerable stress
due to pollution from organic contaminants of
anthropogenic origin by the surrounding community.
Nonetheless, the observed distribution and abundance of
aquatic macroinvertebrates may serve as a reliable
indicator in characterizing the lake as a low-productivity
ecosystem, possessing limited potential for comprehensive
ecological studies. The 200 individual aquatic
macroinvertebrates were categorized into nine genera
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across five orders: Odonata, Decapoda, Diptera, Plecoptera,
and Trichoptera. Notably, the order Diptera, encompassing
four genera—Culicidae, Tipulidae, Ceratopogonidae, and
Trueflies—emerged as the predominant group, accounting
for 74% of the total individuals, with the highest count of
101 individuals recorded at Station C. While the order
Plecoptera exhibited negligible correlation with any
physico-chemical parameters, Decapoda demonstrated a
positive correlation with both air and water temperature, as
well as turbidity, yet showed a negative correlation with
dissolved oxygen and biochemical oxygen demand.
Conversely, the order Odonata exhibited a negative
correlation with temperature while positively correlating
with dissolved oxygen, biochemical oxygen demand, and
phosphate levels. Diptera displayed a strong positive
correlation with electrical conductivity, coupled with a
negative correlation to turbidity. Furthermore, Trichoptera
was positively correlated with nitrate, phosphate, and pH,
yet negatively correlated with temperature. This suggests a
robust relationship between the physico-chemical
characteristics of Pindiga Lake and the distribution and
abundance of aquatic macroinvertebrates throughout the
study period..
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