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Abstract: This study aimed to determine whether habitat or other environmental factors were
critical for assessing the ecological condition and macroinvertebrate community structure of a
shallow lake exposed to multiple human pressures. The fieldwork was conducted in 2023 during the
dry season. The lakeshore was categorized into six distinct sampling sites (S1-S6) to capture the
gradient of anthropogenic influence and habitat heterogeneity. The habplot quality assessment
(HabQA), based on the Lake Habitat Survey (LHS) and Lake Habitat Quality Assessment (LHQA)
methods, was used to evaluate hydromorphological characteristics. In the littoral zone,
physicochemical data were gathered using measuring probes and standard sampling procedures.
Thus, a total of fifteen taxa were identified and categorized as follows: Odonata (Calopterygidae,
Coenagrionidae, and Aeshnidae, Cordulidae), Hemiptera (Corixidae, Belostomatidae, Gerridae,
Naucoridae, and Notonoctidae), Ephemeroptera (Baetidae, and Caenidae), and Diptera
(Chironomidae, and Ceratopogenidae). Using Bray-Curtis UPGMA analysis, the sample sites were
grouped based on benthic macroinvertebrate distributions. The sites that were most similar to one
another were 5 and 6, according to the UPGMA analysis. Sites 3 and 4 were found to be the second
most similar to one another. The intricacy of these sites' habitats and their littoral substrate provide
an explanation for this phenomenon. TP, water temperature, and HabQA score were shown to be
important contributors to the variance observed in the macroinvertebrate data. In contrast to other
physicochemical factors, this study elucidated the larger significance of habitat quality parameters
on the abundance of macroinvertebrate communities. To better understand the attributes crucial to
macroinvertebrate abundance, we strongly recommend using the HabQA scoring technique to
examine the structure of macroinvertebrate communities. Management efforts should also assess
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various shoreline changes and prioritize preserving the littoral zone's morphological diversity.

Introduction

Particularly in degraded watersheds, lake ecosystems
are more vulnerable to increased sedimentation and
pollution input in runoff (Tibebe et al., 2019; Hanna
and Habte, 2024). Closed and small lakes are more
vulnerable to pollution because they concentrate
pollutants and are subject to anthropogenic pressures
in their catchments, despite their capacity to dilute
toxins (Dudgeon et al., 2006). These can be seen as
ecological problems, as they may have long-term
consequences for the aquatic fauna diversity of these
habitats (Ayenew Gezie et al., 2017). As a result, the
assessment of lake ecological integrity has become
widely adopted worldwide.
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Benthic macroinvertebrates are crucial to the
functioning of aquatic ecosystems because of their
role in nutrient recycling (Obolewski et al., 2014) and
their essential role as a food-web component linking
primary production to fisheries (Su et al., 2019).
Macroinvertebrates are also commonly used as
indicators of ecological disturbance because of their
sensitivity to environmental change and ease of
sampling (Masesea et al., 2013). Even though
macroinvertebrate structure in smaller lakes has been
regarded as relatively random species combinations
(Friday, 1987), several factors such as oxygen (Shao
et al., 2008), predation (Heino, 2000), nutrient content
of sediments and water depth (Tujuba and Seyoum,
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2013), pH, and macrophytes (Kouamé etal., 2011) are
mentioned to influence benthic macroinvertebrate
communities. Furthermore, data indicate that the
distribution of macroinvertebrates 1is primarily
influenced by the number of microhabitats and
available niche space (Shostell and Williams, 2007).
Numerous species have
preferences for particular types of vegetation or
bottom substrata (Heino, 2000), which can affect
species occurrence and lead to community-level
patterns.

Lake Kuriftu is a small, closed lake that has been
encroached by different human pressures in recent
years. These include agricultural activities on the lake
catchments, resorts and residential areas on the crater
rims, and recreational pollution in the lake (Tujuba
and Seyoum, 2013). The biological impacts of these
multiple ecological pressures have not been assessed,
except for a few sporadic physicochemical
measurements. It is also unclear whether catchment or
in-lake variables play a greater role in controlling
biota in such small lakes. Most research on Lake
Kuriftu has focused on organisms and their processes
(Ashagrie Gibtan et al., 2008; Eshete and Seyoum,
2011; Girum and Seyoum, 2013; Tujuba and Seyoum,
2013). For instance, Tujuba and Seyoum (2013)
attempted to assess the structure of macroinvertebrates
in the lake's benthos by taking into account factors
such as temperature, dissolved oxygen, organic matter
content, sediment texture, and vegetation cover, but
there is a knowledge gap on the impact of
hydromorphological alterations and
macroinvertebrates' responses to such impacts.
However, such studies are essential for small, closed
lakes to document the species present and assess their
vulnerability.

This study aims to evaluate the macroinvertebrate
community structure in the littoral zone and its
relationship to the physicochemical properties of Lake
Kuriftu, as well as the quality of the lake habitat, using
McGoff et al.'s (2009) Habplot quality assessment
method. It also sought to illustrate the impact of
environmental factors on benthic macroinvertebrates
using the Unweighted Pair Group Method with

macroinvertebrate

73

Figure 1. Map of Lake Kuriftu (arrow) in the Bishoftu town (Ayele
and Mengistou, 2013).

Arithmetic Mean (UPGMA) analysis and Pearson
correlation. The study also aimed to support taxonomy
research conducted in Ethiopian lakes and the long-
term preservation of lake ecosystems.

Materials and Methods

Study area and study sites: Lake Kuriftu, a small,
closed lake, is located at 8°47°N and 39°00°E, at an
altitude ranging from 1860 to 1872 m above sea level
in Bishoftu city (Fig. 1). The lake was originally a dry
crater depression with no perennial surface inlets or
outlets. It is roughly circular in shape, with a perimeter
of 1.3 km? (approx.). Surface runoff and precipitation
play the greatest role in the lake’s water-level balance
(Tujuba and Seyoum, 2013). The study was conducted
during the dry season (January 20-February 15, 2023)
at six sampling points to explore relationships among
habitat quality, physicochemical water quality
characteristics, and littoral macroinvertebrate
community structure (Table 1). The water level is less
likely to be high at this time of year, and it may well
be in the lower part of the range, leaving the bank and
subzones of the beach exposed and easily examined.
The selection followed a stratified random sampling
design, targeting areas with varying degrees of land-
use intensity and ecological integrity.

Habitat quality evaluation: HabQA is an indicator of
Lake Habitat quality based on the presence,
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Table 1. Description of sampling sites in Lake Kuriftu, Ethiopia.

Sites Impact Category Site description and location

Primary human activity =~ Habitat/Substrate Features

S1 Reference Undisturbed littoral zone (Control).
S2 Reference Central pelagic/profundal zone.
S3 Moderate Communal access point.

Eastern shore; near expanding

. Moderate settlements.

None (Protected/Natural).  Dense Typha; high natural detritus.
Deep-water habitat away from
terrestrial disturbances.

Livestock watering and Compacted substrate due to cattle
domestic laundry. trampling; high organic matter.
Transitional zone; thin riparian
buffer remains.

None (Open water).

Residential encroachment.

S5 Hish Northern littoral zone; adjacent to Agricultural runoff and High nutrient loading; substrate
2 small-scale farms. crop farming. dominated by fine silt.
S6 High Primary resort and docking arca, Tour'ism and recreational Physical modification: removal of
boating. emergent macrophytes.
Table 2. HabQA scores following Mcgoff et al. (2009) (Max Score =16).
Max
Lake Zone Measurable feature HabQA score
Score
Complex or simple riparian vegetation structure present/absent 1
Trees with >10% cover of trees with DBH>0.3 m Present/absent 1
Riparian Does the habplot have natural/semi-natural woodland, present/absent 1
wetland, moorland heath, or rock, scree, and dunes-
Number of natural cover types recorded Not applicable to individual habplots 0
Number of bank-top features recorded Not applicable to individual habplots 0
If it has an earth or sand bank >1 m present/absent 1
Shore If it has a trash line present/absent 1
Number of natural bank materials recorded Not applicable to individual habplots 0
Number of natural beach materials recorded Not applicable to individual habplots 0
coefficient of variation for depth at 10m from shore . T
Not applicable to individual habplots 0
over all plots
Natural littoral substrate present/absent 1
Number of natural littoral substrate types recorded Not applicable to individual habplots 0
0, 0, 0,
Littoral Total of macrophyte cover for each habplot (1)'(2>57§?/;)10A))’ 0.5(>10-40%), 0.75(>40-75%), 1
If macrophytes extend into the lake wards - present/absent 1
Number of littoral habitat feature types recorded 0.25 for each type, maximum of 1 1
No of macrophyte types recorded in a habplot 0.25 for each type, maximum of 1 1
Average of total fish cover over all habplots Not applicable to individual habplots 0
No of littoral habitat feature types recorded pljl(()) Slof.f;ge?;rh:g;aty%:’tﬁ:i?;T;n;;nl the habitat 1
Number of wetland habitats adjacent to habplot
Whole Diversity of special habitat features eased alders) up to 50m inland from the lake shore, score 0.625 5
Lake for each type, maximum of 8
Number of islands Not applicable to individual habplots 0
Number of deltaic depositional features recorded Not applicable to individual habplots 0

(excl. unvegetated sand and silt deposits

naturalness, physical structure, and variety of habitat
components. Following McGoff et al. (2009), a few
minor adjustments were made to the LHQA
instrument (Rowan, 2008) to apply the Habplot
Quality Assessment score (HabQA). This strengthens
the robustness of the macroinvertebrate—habitat
connection. A higher score denotes greater habitat
quality (Table 2).

Macroinvertebrate sampling, processing, and
analysis: Macroinvertebrate samples were collected
with a 0.5-mm-mesh D-frame net using the traveling
kick-and-sweep method for 10-20 minutes (Jones et
al., 2004). The sampling effort was divided

proportionally among the habitats present at the site to
obtain a comprehensive list of taxa. The resultant
samples were washed through two sieves; one
containing (1-cm?) hardware cloth to sieve out large
debris, and the other with a 600 pm mesh to rinse out
fine organic material. The elutriated sample was then
transferred into a white tray for further sorting of
macroinvertebrates. Sorted macroinvertebrates were
then stored in plastic jars (0.5 L) and preserved with
4% formaldehyde. This procedure was repeated 3
times per site to calculate mean values. Plastic jars
containing the invertebrates were transported to the
Limnology laboratory at Addis Ababa University for
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Table 3. Statistics of physicochemical parameters in sampling sites.

S1 ) S3 S4 S5 S6 (EPA, 2001)
DO (mg/) R 6.4-6.7 6.1-6.5 6.9-7.6 6.6-6.9 5.7-5.97 59-6.8
M=SD 6.55+0.2 6.3+0.28 725+0.49 6.75£0.21 5.83540.2 6.38+0.59
—— R 84.9-96 82.15-94.5 80.7-110.9 84.2-94 88.76-88.8 88.48-111.1
. M+SD  90.6+8.1 88.3548.76 95.83421.4 89.146.9 88.8+0.05 99.8+16.0
" R 6.4-8.5 7.1-8.5 8-8.6 8.22-8.5 8.06-8.3 8.05-8.5 550
P M=SD 745415 7.8+0.98 8.3+0.42 8.36+0.19 8.18+0.17 8.3+0.31 :
e R 44-53.0 45.4-53.02 44.5-53.4 42.1-55.3 45.1-55.9 48.2-55.5 1000
s M+SD  48.8%6.6 49.2+5 4 48.95+6.29 48.7+9.334 50.5+7.6 51.8545.16
R 0.02-0.9 0.01-0.02 0.2-0.4 0.1-0.21 0.01-0.04 0.06-0.36
TP (mg/l) <10
M:£SD 0.46-0.6 0.02:£0.007 0.3+0.14 0.155+0.08 0.03+0.02 021-0.212
R 80-90 80-90 91-102 80-90 90-100 90-110
Talk (mg/l)
M=SD 85+7.07 85+7.07 96.5+7.77 85+7.07 95+7.07 100+14.14
R 3.5-4.12 2.6-3.1 23275 5.56-6.8 3.61-3.86 2.667-4.6
Turb (NTU) INTU
M=SD 3.8+0.43 2.840.306 2.54+0.29 6.18+0.87 3.740.141 3.63+1.36
N R 0.01-0.1 0.575-0.75 0.65-0.9 0.325-0.3 2832 3.1-3.41 S
M£SD  0.05+0.1 0.67+0.13 0.78+0.176 0.3410.02 3+0.28 3.255+£0.22
R 21.6-22 20.4-23.4 20.3-24.2 2123.8 20.4-24 20.4-22.5
Wtemp%
M£SD  21.6+0.7 21.825+1.3 22.075+1.7 223+1.15 20.2423 21.8+0.97
HabQA score 12 9 775 6.75 4.75 3
R: Range; M: Mean; SD: Standard deviation
further identification. Macroinvertebrates were biotic parameters. The Bray-Curtis similarity index

identified mainly to the family level using a binocular
dissecting microscope and identification keys
(Clifford, 1991; Oscoz et al., 2011). Recounting and
re-identification were conducted for quality assurance
purposes.

Water sampling and analysis: Composite water
samples were collected from each sampling location
to assess typical physicochemical water quality. Using
a portable WTW probe,
measurements of parameters such as pH, Electrical
conductivity (us/cm), water temperature (Wtemp in
°C), dissolved oxygen (DO in mg/l), and saturation
oxygen (Sat O2) were made in situ. After being
collected in the bucket, the water sample was
transferred into a 2-liter polyethylene bottle and kept
chilled in an icebox until it was brought back to the
Center for Environmental Science laboratory at Addis
Ababa University. Total alkalinity (mg/l1), Turbidity
(NTU), TP (mg/1), and TN (mg/l) were measured in
the lab using the guidelines provided by APHA
(1999). Every analytical step was triplicated.

Data analysis: Excel 2016 (Microsoft Office) and
PAST 3 were used for all statistical and mathematical
studies between the physicochemical data sets and

multi-parameter

was used in this study to assess similarities among
sample sites based on benthic macroinvertebrate
communities. The most used technique for grouping
faunistic data is Bray-Curtis (Somerfield, 2008).
UPGMA was used to illustrate existing clustering
relationships based on the Bray-Curtis similarity
index. In this study, Pearson correlation analysis was
used to assess the association between
physicochemical factors, HabQA Scores, and
macroinvertebrates. When the P-value for the 95%
confidence interval was less than 0.05, the correlations
were statistically significant.

Results

Water quality characteristics: The pH values at all
sampling sites ranged from 6.44 to 8.2 (Table 3). The
mean values of EC and Talk were 49.66 pc/cm and
91.08 mg/l, respectively. Water temperature varied
from 20.2 to 22.3°C. The lowest and highest turbidity
values were 2.8 NTU and 6.18 NTU, recorded at S2
and S4, respectively. In Lake Kuriftu, TP levels were
reported to fluctuate between 0.01 and 0.4 mg/1 during
the study period. The observed TN levels range from
0.01 to 3.1 mg/l. DO levels fluctuated between 5.7 and
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Table 4. Distribution of macroinvertebrate families among the study sites.

Macroinvertebrate Taxa TaxaCode S1 S2 S3 S4 S5 S6
Corixidae CORI t - - + - -
baetidae BAET t - T - - +
Corduliidae CORD T - i T -
Naucoridae NAUC T - T ¥ ¥ ¥
coenagrionidae COEN + - T + + +
Calopterigidae CALO T - T - T -
Aeshnidae AESH T - T F - -
Belostomatidae BELO T - T F - T
Notonectidae NOTO t T + - -
Chironomidae CHIR T T T F T T
Physidae PHYS - - F T -
Gaerridae GAER + - T + - -
Ceratopogenaidae CERA t T T + + +
Oligochaeta OLIG T - t - T
Caenidae CAEN + - T - -
Total Taxon per site 14 2 12 11 8 6

Ceratopogenaidae Oligochaeta . Caenidae
3% Gaerridae 1% /_ 2%
%

Physidae
1%

Notonectidae
11%

Belostomatidae

4% Corduliidae

2%

Aeshnidae
1%
Calopterigidae
2%

Naucoridae
3%

Figure 4. Percentage Compositions in classes of macroinvertebrates
identified in Lake Kuriftu.

7.6 mg/L across sites. The saturated oxygen level
fluctuated between 88.35% and 99.8% across the sites.
Measured physicochemical parameters did not differ
significantly among sites (P>0.05). This might be due
to Lake Kuriftu's small size and the absence of point-
source impacts.

Habitat characteristics: The highest and lowest
HabQA scores were recorded at S1 and S6, with
values of 12 and 3 out of 16, respectively.

Diversity and abundance of  benthic
macroinvertebrates: A total of 2565 benthic
macroinvertebrate individuals were collected; all the
specimens belong to  Hemiptera,
Ephemeroptera, Odonata, Diptera, and Annelida

collected

orders (Table 4). The maximum number of individuals
was collected at site 1 (700 indv), while the minimum
number was collected at site 2 (118 indv). Site 1 (the
reference site showed the highest number of taxa (14),
while site 2 had the lowest number of taxa (2). Among
the macroinvertebrates, Corixidae were the dominant
taxa, contributing the largest share of total abundance
(31.42%), followed by Coenagrionidae (25%),
Baetidae (10.99%), Notonoctidae (13.35%), and
Chironomidae (14.13%). However, Oligochaetes and
Physidae were represented by
specimens (1%) (Fig. 2).

The classification of sites based on benthic
macroinvertebrate composition was illustrated using
Bray-Curtis UPGMA analysis (Fig. 3). As a result of
the UPGMA analysis, sites 5 and 6 were most similar
to each other. The second most similar sites were sites
3 and 4.

Correlation among macroinvertebrate taxa and
environmental variables:
analysis revealed that certain macroinvertebrate taxa
were associated with both the habitat quality score and
physicochemical  water-quality = variables.  For
instance, TP showed a strong positive relationship
with most macroinvertebrate groups, whereas water
temperature  was negatively correlated  with
Coenagrionidae (Table 5). Most importantly, the
HabQA score showed a significant relationship
(P<0.05) with most of the macronvertebrate taxa

relatively few

Pearson correlation
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Table 5. Pearson's correlation assessment between environmental variables and macroinvertebrate families of Lake Kuriftu.

CORI BAET CORD NAUC COEN CALO AESH BELO
DO 0.063854 0.3608 0.671 0.6089 -0.479 0.25261 0.77068 0.54883
Sat.oxy. -2.38E-01 -0.1873 -0.014 0.051 -0.3312 -0.3744 0.12802 -0.1162
pH -0.80568 -0.6662 -0.041 -0.21 0.0775 -0.6401 -0.251 -0.5239
EC -0.39282 -0.2744 -0.552 -0.21 0.4919 -0.4175 -0.6772 -0.4726
TP 0.767 0.936* 0.6452 0.921%* 0.0335 0.81242* 0.84297* 0.93943*
Alk. -0.48082 -0.1446 0.0478 0.226 0.5669 -0.17443 -0.22 -0.1504
TU 0.097196 -0.1889 -0.175 -0.2581 -0.1699 -0.23433 -0.0005 -0.2007
TN -0.49043 -0.3909 -0.446 -0.256 0.6545 -0.41532 -0.6873 -0.537
WT 0.018243 0.1203 0.1132 0.193 -0.8531 -0.11483 0.40616 0.22769
HabQA 0.66659* 0.784* 0.85% 0.827* 0.125* 0.79822%* 0.93497* 0.86067*

NOTO CHIR PHYS GAER CERA OLIG CAEN
DO 0.55852 0.78163 0.70101 0.5649 0.41227 0.30688 0.54595
Sat.oxy. 0.62132 -0.0863 0.09692 -0.1153 -0.2518 -0.3768 -0.2102
pH 0.09795 -0.1263 0.26627 -0.5223 -0.6524 -0.5425 -0.5226
EC -0.667 -0.4529 -0.4573 -0.5729 -0.4794 -0.4148 -0.4985
TP 0.40283 0.65001 0.40292 0.90904* 0.89682* 0.78162 0.88576
Alk. -0.5235 0.1334 0.21296 -0.238 -0.2353 -0.0807 -0.1285
TU 0.75683 -0.5087 -0.1914 -0.1421 -0.2172 -0.3009 -0.3028
TN -0.669 -0.4506 -0.3083 -0.6152 -0.5383 -0.3803 -0.5355
WT 0.54329 0.33582 0.12902 0.23463 0.12066 -0.1383 0.17484
HabQA 0.67644* 0.62966* 0.66885* 0.89086* 0.81491* 0.8045* 0.83006*
*Correlation is significant at the 0.05 level (2-tailed).

02 |
Figure 3. Classification of station based on similarities of Lake Kuriftu.
sampled. Additionally, the Pearson correlation Due to time and logistical constraints, this

between macroinvertebrate abundance and HabQa
score increased as HabQa score increased (Fig. 4).

Discussions

The goal of this study was to determine whether
changes in water chemistry or habitat affected the
distribution of macroinvertebrates in Lake Kuriftu.

investigation was limited to one lake because
processing and sampling were required at each
habplot. Numerous studies indicate that the diversity,
richness, and distribution of macroinvertebrates are
determined by physicochemical characteristics
(Collier et al., 1998; Singanan et al., 2008; Seid Tiku
Mereta et al., 2020). With the exception of TP and
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Figure 4. Correlation between macroinvertebrate abundance and habitat quality assessment (HabQA) score in Kuriftu Lake.

water T°C, most water quality parameters in the
current study showed no significant correlations with
the distribution and abundance of macroinvertebrates
in Lake Kuriftu. We are still unable to conclude that
they have no effect on the fauna structure based on
this. They may have a subdominant or indirect effect
on the macroinvertebrate structure and richness of

Lake Kuriftu (i.e., through shifts in nutrient
concentrations and  variations in  primary
productivity).

Of the classes of macroinvertebrates that have been
found, the Hemiptera families (i.e., Corixidae,
Belostomatidae, Naucoridae, and Notonoctidae) have
made the greatest percentage contribution (>35.80%).
Likewise, studies carried out in the River Sinos basin
by Barros et al. (2016) demonstrated the
predominance of the invertebrate population
represented by the species in the class Insecta. The
predominance of Hemiptera families may be
attributed to morphological and physiological
adaptations such as egg resistance to predators, the
ability to consume a variety of foods across different
life stages, and the ability to fly, which allows them to
disperse and obtain food (Clifford, 1991). Hemiptera's
dominance in the current study may therefore be

attributed to their physiological and morphological
adaptations to a wide variety of ecosystems.

In addition to providing shelter to various feeding
groups, macrophytes add physical structure and
complexity to the habitat, which have been linked to
high species and macroinvertebrate
abundance (Kouamé et al., 2011; Hussner et al.,
2017). In a comparable study on Lake Kuriftu, the
abundance of vegetation and substrate heterogeneity
in the littoral environment were linked to high
macroinvertebrate species richness (Tujuba and
Seyoum, 2013). Attrill et al. (2000) and Yadessa
Chibsa et al. (2022) also corroborated the higher
abundance and species richness observed in areas
covered by macrophyte stands. Moreover, most of the
families recorded in this study were tolerant taxa. This
indicated that habitat urbanization and nutrient
condition have homogenized macroinvertebrate
communities (Li et al., 2024).

Furthermore, littoral substrate heterogeneity was
found to affect the spatial variability of the HabQA
score. Once more, it demonstrated the detrimental
effects of human activity on lake and reservoir
environments. Lower HabQA ratings in the current
research were likely caused by human activities such

diversity
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as livestock exposure, shoreline alteration, crater rim
recreation, agricultural operations, artificial
substrates, and loss of macrophytes. Our study
confirms the conclusions of Brauns et al. (2011), Dalu
et al. (2016), and McGoff et al. (2009) that the loss of
littoral biodiversity and shoreline development
together constitute a major global driver of the
pervasive alteration of lake ecological integrity.

Conclusion

The research verified that habitat changes had a
greater impact on macroinvertebrate dispersion than
did water-chemistry factors. Note that the
applicability of the HabQA method for establishing a
relationship between habitat complexity and
macroinvertebrate abundance was examined in this
study. Therefore, expanding this kind of in-depth
research to several lakes would be quite instructive.
This allows us to assess the relevance of the Lake
Habitat Survey (LHS) and establish a connection
between it and macroinvertebrate abundance,
particularly with respect to the HabQA score criteria.
As a result, management initiatives should prioritize
protecting the morphological diversity of the littoral
zone, evaluate various shoreline modification or
erosion-control strategies for their biological impacts,
and protect or plant riparian buffers along Lake
Shores. These are anticipated to enhance the quality of
riparian areas and lake water. Furthermore, the most
significant influences on water chemistry are
watershed features, including bedrock mineralogy and
geographic location. We thus suggest coupling these
factors in the next assessment studies to obtain a more
comprehensive understanding of the lakes' ecological
status.

Acknowledgements

We acknowledge the assistance for this work from
Addis Ababa University's Center for Environmental
Science. In addition, we are grateful that Addis Ababa
University's Department of Biological Sciences is
providing laboratories.

References

APHA. (1999). Standard methods for the examination of
water and wastewater. Water Analysis, 20" ed. 2,671 p.

Attrill M.J., Strong J.A., Rowden A.A. (2000). Are
macroinvertebrate communities influenced by seagrass
structural complexity? Ecography, 23(1): 114-121.

Ayele T., Mengistou S. (2013). Major factors that structure
the benthic fauna of a shallow, tropical lake, Lake
Kuriftu, Ethiopia. Ethiopian Journal of Biological
Sciences, 12(2): 151-168.

Barros M.P., Gayeski L.M., Tundisi J.G. (2016). Benthic
macroinvertebrate community in the Sinos River
drainage basin, Rio Grande do Sul, Brazil. Brazilian
Journal of Biology, 76(4): 942-950.

Brauns M., Giicker B., Wagner C., Garcia X.F., Walz N.,
Pusch ML.T. (2011). Human lakeshore development
alters the structure and trophic basis of littoral food
webs. Journal of Applied Ecology, 48(4): 916-925.

Chibsa Y., Mengistou S., Kifle D. (2022). Distribution of
benthic
physicochemical parameters and macrophyte cover in
the Ketar River, Ethiopia. Sinet: Ethiopian Journal of
Science, 45(2): 192-204.

Clifford H.F. (1991). Aquatic invertebrates of
Alberta.University of Alberta Press, 1991. 538 p.

Collier K.J., Ilcock R.J., Meredith A.S. (1998). Influence
of substrate type and physicochemical conditions on
macroinvertebrate faunas and biotic indices of some
lowland Waikato, New Zealand, streams. New Zealand
Journal of Marine and Freshwater Research, 32(1): 19.

Dalu T., Tambara E., Chari L.D., Moyo S., Nhiwatiwa T.
(2016). A test of the lake habitat survey method in
Cleveland Reservoir and Lake Chivero (Manyame
River Basin, Zimbabwe). Water SA, 42(1): 102-111.

Dudgeon D., Arthington, A.H., Gessner M.O., Kawabata
Z.-1., Knowler D.J., Lévéque C., Naiman R.J., Prieur-
Richard A.-H., Soto D., Stiassny M.L.J., Sullivan C.A.
(2006). Freshwater biodiversity: importance, threats,
status and conservation challenges. Biological Reviews,
81(02): 163.

EPA. (2001). Parameters of water quality: Interpretation
and standards. EPA, 2001.

Eshete A., Seyoum M. (2011). Seasonal variation of
biomass and secondary production of Thermocyclops
(Cyclopoida) and Brachionus (Rotifera) spp, in a
shallow tropical Lake Kuriftu, Ethiopia. Sinet:
Ethiopian Journal of Science, 34(2): 73-88.

Friday L.E. (1987). The diversity of macro invertebrate and

macroinvertebrates in relation to



Int. J. Aquat. Biol. (2026) 14(4): 1-9 9

macrophyte communities in ponds. Freshwater Biology,
18(1): 87-104.

Gezie A., Anteneh W., Dejen E. (2017). Effects of human-
induced environmental changes on  benthic
macroinvertebrate assemblages of wetlands in Lake
Tana. Environmental Monitoring and Assessment, 189:
1-14.

Gibtan A., Getahun A., Mengistou S., Ashagrie G., Abebe
G., Seyoum M. (2008). Effect of stocking density on the
growth performance and yield of Nile tilapia
[Oreochromis niloticus (L., 1758 )] in a cage culture
system in Lake Kuriftu. Agriculture Research, 39:
1450-1460.

Girum T., Seyoum M. (2013). Zooplankton Community
grazing rates in a small crator lake, Lake Kuriftu,
Ethiopia. Sinet: Ethiopian Journal of Science, 36(1): 1-
8.

Heino J. (2000). Lentic macroinvertebrate assemblage
structure along gradients in spatial heterogeneity,
habitat size and water chemistry. Hydrobiologia, 418:
229-242.,

Hussner A., Stiers 1., Verhofstad M.J.J.M., Bakker E.S.,
Grutters B.M.C., Haury J., van Valkenburg J.L.C.H.,
Brundu G., Newman J., Clayton J.S., Anderson L.W.J.,
Hofstra D. (2017). Management and control methods of
invasive alien freshwater aquatic plants: A review.
Aquatic Botany, 136: 112-137.

Jones C., Somers K.M., Craig B., Reynoldson T. (2004).
Ontario benthos biomonitoring network protocol
manual. version 1.0. Ontario Ministry of Environment.
109 p.

Kouamé M.K., Dietoa M.Y., Edia E.O., Costa S.K. Da,
QOuattara A. (2011). Macroinvertebrate communities
associated with macrophyte habitats in a tropical man-
made lake ( Lake Taabo, Cbte d ’ Ivoire). Knowledge
and Management of Aquatic Ecosystems, 400(3): 1-18.

LiR., Li X., Yang R., Farooq M., Tian Z., Xu Y., Shao N.,
Liu S., Xiao W. (2024). Bioassessment of
macroinvertebrate communities influenced by gradients
of human activities. Insects, 15(2): 1-15.

Masesea F.O., Omukotob J.O., Nyakeya K. (2013).
Biomonitoring as a prerequisite for sustainable water
resources : a review of current status, opportunities and
challenges to scaling up in East Africa. Ecohydrology
and Hydrobiology, 18: 1-18.

Mcgoff E., Irvine K., Elaine M., Irvine K. (2009). A test of
the association between Lake Habitat Quality

assessment and  macroinvertebrate = community

structure. Aquatic Conservstion Marine and Freshwater
Ecosystems, 533: 520-533.

Melese H., Debella H.J. (2024). Temporal phytoplankton
dynamics and environmental variables in four Ethiopian
soda lakes. Environmental Systems Research, 13(3): 15.

Mereta S.T., Ambelu A., Ermias A., Abdie Y., Moges M.,
Haddis A., Hailu D., Beyene H., Kebede B., Mulat W.L.
(2020). Effects of untreated industrial effluents on water
quality and benthic macroinvertebrate assemblages of
Lake Hawassa and its tributaries, Southern Ethiopia.
African Journal of Aquatic Science, 45(3): 285-295.

Obolewski K., Glinska-lewczuk K., Strzelczak A. (2014).
The use of benthic macroinvertebrate metrics in the
assessment of ecological status of floodplain lakes.
Journal of Freshwater Ecology, 29(2): 225-242.

Oscoz J., Galicia D., Miranda R. (2011). Identification
guide of freshwater macroinvertebrates of Spain. In: O.
Javier, G. David, M. Rafael (eds.). Springer Publisher
Services. https://doi.org/10.1007/978-94-007-1554-7.

Rowan J.S. (2008). Lake habitat survey in the United
Kingdom. Field survey guidance manual. Version 4.

Shao M.-L., Xie Z.-C., Han X.-Q., Cao M., Cai Q.-H.
(2008). Macroinvertebrate Community Structure in
Three-Gorges Reservoir, China. International Review
of Hydrobiology, 93: 175-187.

Shostell J.M., Williams B.S. (2007). Habitat complexity as
a determinant of benthic macroinvertebrate community
structure in cypress tree reservoirs. Hydrobiologia, 575:
389-399.

Singanan M., Wondimu L., Tesso M. (2008). Water quality
of Wenchi Crater Lake in Ethiopia. Maejo International
Journal of Science and Technology, 02(02): 361-373.

Somerfield P.J. (2008). Identification of the Bray-Curtis
similarity index: Comment on Yoshioka (2008). Marine
Ecology Progress Series, 372: 303-306.

Su P., Wang X, Lin Q., Peng J., Song J., Fu J., Wang S.
(2019). Variability in macroinvertebrate community
structure and its response to ecological factors of the
Weihe River Basin , China. Ecological Engineering,
140: 1-13.

Tibebe D., Kassa Y., Melaku A., Lakew S., Tana L. (2019).
Investigation of spatio-temporal variations of selected
water quality parameters and trophic status of Lake
Tana for sustainable management, Ethiopia.
Microchemical Journal, 148(May): 374-384.



