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Abstract. This study aimed to estimate macro-invertebrate distribution and diversity across different

stations. We conducted an annual sampling of macro-invertebrates at two RAMSAR sites in the El Tarf

region of Algeria over two successive cycles (2021-2023). Our sampling included nine stations, five in

Lake Tonga and four in the Mekhada Marsh. 1909 specimens representing 76 taxa were identified, with

1233 originating from Lake Tonga and 676 from the Mekhada Marsh. Lake Tonga was the most abundant
site, and Station S1 exhibited the highest diversity, while the Mekhada Marsh was the least diverse.
Hemiptera and Odonata were the dominant orders. The analysis revealed severe environmental

degradation in both sites, driven by anthropogenic activities and climatic changes. These findings

underscore the urgent need for conservation measures to preserve these ecologically significant

wetlands.
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Introduction

Assessing the environmental health of water
resources relies on analyzing fauna, ecology, and
the functions of natural ecosystems (Kaboré et al.
2016). Most emerging countries face significant
water and pollution challenges, exacerbated by
climate change (Dietrich et al. 2023), which
disrupts alters

precipitation  patterns,

temperatures, and increases drought
occurrences. These changes degrade biodiversity
and adversely affect the quality of aquatic
ecosystems (Foto et al. 2011). Invertebrates play
a vital role in maintaining the proper functioning
of aquatic ecosystems. As an integral part of the
trophic chain, they can be primary and
secondary and provide essential food sources for

various fish species and other invertebrates.

Additionally, invertebrates are bio-indicators of
water quality because of their sensitivity to
environmental change (Callisto et al. 2001). Their
utility in lake systems is well-established,
offering several advantages, such as relatively
large size, ease of sampling, straightforward
identification, and longevity (Hellawell 1986,
Metcalfe-Smith et al. 1996, Barbour et al. 1999).
Invertebrates are invaluable for biomonitoring
and assessing the overall health of aquatic
ecosystems. Because of their restricted mobility,
they
pressures, making the composition and structure

cannot escape local environmental
of their communities effectively reflect the
ecological health and environmental conditions
of a given location (Avramidi et al. 2022).

In Algeria, particularly in the wilaya of El

Tarf, research has focused on the study of
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vegetation and birds (Khemis et al. 2017,
Houhamdi 2002). However, there has been
growing interest in studying macroinvertebrates
in recent years. (Serrage et al. 2018, Djamai et al.
2019). This study aims to refine ecological
assessments by specifying key types of
the
distribution and diversity across significant

ecological indicators and examining
wetland sites in northeastern Algeria, namely
Lake Tonga and the Mekhada Marsh. We
calculated various diversity indices and metrics
to achieve this, including abundance, species
richness, evenness, and similarity within the

sampled populations.

Material and methods

Presentation of the study area

Lake Tonga is located in northeastern Algeria
and is a significant wetland site in North Africa.
Lake Tonga is situated in the eastern part of
the
Algerian-Tunisian border to the east (Latitude:
36° 53" N and Longitude: 08° 31" E) (Aissaoui et
al. 2009) (Figure 1). Designated as a Ramsar site

Numidia, approximately 3 km from

of international importance since 1982 and
recognized as a UNESCO World Biosphere
Reserve in 1990, the lake covers 2700 ha. It is a
critical habitat for wildlife, including numerous
bird species (Samraoui & De Belair 1998,
Boumezbeur 1993). It is a brackish lagoon
connected to the Mediterranean Sea via the
artificial Messida Canal (Rizi et al. 2019, Djamai
2020).

Mekhada Marsh is situated 20 km east of
Annaba and 45 km west of El Kala in
northeastern Algeria (36° 48" N and 08° 04" E)
(Figure 1). It occupies the lower part of the
alluvial Mafragh plain. It has been recognized as
a Ramsar wetland of international importance
since 2002 (Bediaf et al. 2020). The Marsh covers
approximately 8,900 hectares, and most of its
waters are freshwater except near its confluence
with the Mediterranean Sea (Morgan 1982). The
marsh is fed by the rivers Oued El Kébir-Est and
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Oued Bounamoussa, forming the source of the El
Mafragh River, which is separated from the
Mediterranean by a Danube water chain
(Boumezbeur 2002). The depth of the marsh
ranges from 0.5 to one meter, and it is
characterized by extensive vegetation, with over
90% of its surface covered by emergent plants
such as Phragmites communis, Typha angustifolia,
and Glyceria fluitans. (Houhamdi 2002). The
regional climate of the Mekhada Marsh is
Mediterranean, with an alternation of a wet
season from November to April and a dry and
hot period from May to September. The marsh
can dry completely during the dry season,
reflecting its sensitivity to climatic conditions.

At Lake Tonga, five stations were selected for
sampling: S1: Oued Messida, S2: Mirador, S3:
Chalet, S4: Faid mrad, S5: Faidalueg, and four
stations at the Mekhada Marsh level were
sampled: Sa: Benhoumana, Sb: El Faid, Sc:
Gruaat, Sd: El Mafragh.

Sampling was conducted over two
consecutive years. The first cycle (2021-2022)
took place from November to April, while the
second (2022-2023) occurred from December to
April. During the remaining months of each

cycle, the sites were completely dry.

Sampling technique

Monthly samples were collected randomly at
distances ranging from 0.1 m to 1 m within
various stations. These microhabitats were
characterized by calm waters with fine sediment
deposition (Sellam 2016, Senouci et al. 2023).
Each sample was considered representative of
the benthic macro-fauna. The samples were
taken using a circular sampler with a 40 cm wide
opening and a 250 um mesh.

Collections were conducted both in the center
and along the shores of the sites, as well as in
areas with abundant aquatic vegetation (Sellam
2016). Flexible insect forceps and a small hand
mesh were used to collect and clean the samples
carefully: Specimens were preserved in 96%
ethanol to ensure their integrity for subsequent
identification. The specimens were identified in
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1983, 1986, 1989, Bouchard 2004, Tachet et al.

identification keys and references (Wiederholm 2010, Martin & Boughrous 2012).
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Figure 1. Location of two study sites (Lake Tonga and the Mekhada Marsh) with sampling points.

Data processing
Biological monitoring of the benthic community

is recognized as one of the most sensitive and
effective methods for detecting disturbances in
biomass (Cairns & Pratt 1993). In this study, we
calculated seven diversity indexes to assess the

benthic community: Species Abundance
(Ramade 2003), Species Richness (Blondel 1979),
Shannon Wiener Diversity Index (H’) (Shannon
Weaver 1963), Equitability (E) (Ponel 1983),
Margalef (Margalef 1951), Simpson Index and
Similarity Index (Magurran 1988).
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To
assemblages between Lake Tonga and Mekhada

investigate macro-invertebrate
Marsh, we applied non-metric multidimensional
scaling (NMDS) based on Bray-Curtis similarity.
This analysis was conducted using the vegan
package in R (Oksanen et al. 2007). NMDS
ordination was evaluated using several metrics,
including the stress value, Shepherd plot, and
the coefficient of determination (R?). A stress
value close to zero indicates a well-fitted model,
suggesting that the reduced-dimensional space
the
dissimilarities in the original data (Dexter et al.
2018). the
determination (R?) quantifies how well the

effectively  represents similarities  or

Furthermore, coefficient  of
NMDS solution explains the variation in the

original data (Saunders et al. 2012). Venn
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diagrams were generated using the R package
"ggvenn" (Yan & Yan 2021) to explore common
and exclusive species between Lake Tonga and
Mekhada Marsh.

Results

Comparison and structure of communities

In our analyses, we captured, sorted, and
identified 1909 macro-invertebrates across 76
taxa, with 1233 collected from Lake Tonga and
676 from Mekhada Marsh. In both locations,
insects were the most dominant group. The
information presented in Tables 1 and 2
illustrates the composition of the benthic macro-
fauna at various stations of both sites.

Table 1. Taxonomic composition of the five sampling stations of Lake Tonga.

Class Order Family Genus/Species S1 S2 S3 S4 S5
Chironomus plumosus * *
. . . Paratanytarsus dissimilis * *
Diptera Chironomidae ; )
Dicrotendipes nervosus *
Glyptotendipes barbipes *
Lestidae Lestes sp *
Sympetrum sp R ¥ *
Libellulidae Libellula sp o * ¥
Orthetrum sp, * * *
Erythromma najas *
L Ischnura sp * * * * *
Coenagrionidae .
Enallagma cyathigerum 0
Odonata .. “ "
Coenagriides sp
Cordulegastridae  Cordulegaster sp * * *
Insecta - -
Gomphidae Ophiogamphus sp *
Corduliidae Oxygastra curtisli * *
Aeshnidae Anax imperator mauricianus  *  * * ¥
Aeschna sp oooxx kR
Calopterygidae Calopteryx sp * *
Dytiscus sp R
Hydroporus sp * oo
Dytiscidae Agabus sp oo *
Coleont Yola bicarinata o *
oleoptera Laccophilus minutus * oo
Hydrophilidae Berosus signaticollis . 0 *
Helophorus granularis * *
Hygrobiidae Hygrobia hermanni * * *

(Table 1 — continued next page)
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(Table 1 — continuation)
Class Order Family Genus/Species S1 S2 S3 S4 S5
Velia s *
Veliidae ] p )
Microvelia sp oo x
Nepidae Nepa cinerea *
Naucoridae Naucoris maculatus oo
Notonecta obliqua R ¥ *
Hemiptera Notonectidae Notonecta glauca oo
Insecta .
Anisops sardea R
Corixa affinis ooF o
Corixidae Sigara sp R
Cymatia sp *
Pleidae Plea minutissima *
Ephemeroptera Baetidae Baetis sp R R
Amphipoda Gammaridae Gammarus sp oo R
Crustacea ; y
Decapoda Atyidae Atyaephyra desmarestii oo *
. . Lumbricidae Eiseniella tetraedra * * *
Clitellata  Haplotaxida - -
Haplotaxidae Haplotaxis sp * * *
Table 2. Taxonomic composition of the four sampled stations at the Mekhada Marsh.
Class Order Family Genus/Species Sa Sb Sc Sd
Diptera Chironomidae Chironomus plumosus *
Lestidae Lestes sp ook kX
Sympetrum sp * *
Libellulidae Libellula sp * o
Orthetrum sp, * * * *
. Erthyhromma najas *
Odonata Coenagrionidae
Ischnura sp *
Cordulegastridae  Cordulegaster sp oo *
Gomphidae Ophiogamphus sp *
Aeshnidae Anax imperator mauricianus *
Aeschna sp xR
Dytiscus sp ¥ *
Insecta i
Hydroporus palustris * *
Dytiscidae Agabus sp * *
Yola bicarinata *oox ¥
Coleont Laccophilus minutus *
oleoptera . Berosus signaticollis * * *
Hydrophilidae .
Helophorus granularis * *
Halipilidae Haliplus obliquus * *
Hygrobiidae Hygrobia hermanni oo x
Gyrinidae Gyrinus sp oo
Veliidae Velia sp * *
Nepidae Nepa cinerea * o
Naucoridae Naucoris maculatus ook kX
Hemiptera ;
Notonecta obliqua R kX
Notonectidae Notonecta glauca ook kX
* * *

Anisops sardea

(Table 2 — continued next page)
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(Table 2 — continuation)

R. Hamdi et al.

Class Order Family Genus/Species Sa Sb Sc Sd
) Corixidae Cf)rixu affinis S
Hemiptera Sigara sp * * *

Insecta : —
Pleidae Plea minutissima * oo
Ephemeroptera Baetidae Baetis sp xRk
Crustacea Amphipoda Gammaridae Gammarus sp xRk
. . Lumbricidae Eiseniella tetraedra * * *

Clitellata  Haplotaxida - -

Haplotaxidae Haplotaxis sp * *

Lake Tonga: We collected 1233 individuals Coleoptera (13.46%: three families), the
from the five sampling stations at Lake Tonga Ephemeroptera (6.81%: one family), and the
during the study period. These specimens Diptera (1.87%: one family). Crustaceans
belonged to three main classes: Insecta, represented (5.52%) of the community,

Crustacea, and Clitellata. Macro-invertebrates at
this site were classified into nine orders and 23
families. Insects represented the most diverse
of the total

invertebrate community, with a percentage of

and abundant class macro-
91.24%. They were distributed across five orders
and 19 families. The Hemiptera (35.77%: six
families) and the Odonata (33.33%:

families) were the most dominant orders

eight

regarding percentage and families. The other
insect orders were less represented, such as the

comprising two orders: Amphipoda (3.49%) and
Decapoda (2.03%). Clitellates account (for 3.24%)
of the total fauna, represented by one order of
Haplotaxida and two taxonomic families.

The composition and distribution of the
macroinvertebrates at Lake Tonga highlight the
dominance of insects, particularly Hemiptera
and Odonata, and the lesser representation of
crustaceans and clitellates. These findings are
further detailed in Table 1 and illustrated in
Figure 2.

Calopteryx sp-

Aeschna sp
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Figure 2. Abundance distribution of orders and species across the nine sampled stations.
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The diversity of macroinvertebrate taxa
varied across the five sampling stations at Lake
Tonga. The first station (S1) exhibited the highest
diversity, with nine orders and 18 families; the
second station (52) consisted of seven orders and
15 families, while the third station (S3) recorded
eight orders and 18 families. The fourth station
(54) had the lowest diversity, comprising five
orders and 11 families. The fifth station (S5)
included six orders and 16 families, reflecting
moderate diversity. Hemiptera constituted 36%
of the macro-invertebrate community sampled
at Lake Tonga, making it the most dominant
order. Among this group, the Notonectidae
family had a maximum percentage of Notonecta
glauca (36%) (Fig. 2) and is present across all
sampling;—this was followed by the Corixidae
family, dominated by Corixa affinis, which
represented 18% of the Hemiptera population.
The Naucoridae represented only one species,
Naucoris maculates, which constituted (11%) of
the Hemiptera community and was observed
during the first three samplings. Other families,
including Veliidae, Nepidae, and Pleidae, were
in low abundance across all sampled stations.
Odonata occupied the second position after
Hemiptera in terms of abundance. The most
abundant family was the Coenagrionidae, which
recorded a peak of Ischnura sp. by 31% of the
Odonata population, observed consistently
across all sampling stations with significant
Aeshnidae, Libellulidae,
Cordulegastridae recorded

values. and
significant
percentages of 18%, 10%, and 9%, respectively,
except the Gomphidae family, which was only in
the fifth station (S5). However, the families
Corduliidae (1%) and Calopterygidae (present in
trace amounts) were recorded in low
abundances at stations S1 and S4. Coleoptera
13% of the total benthic

macrofauna, making it the most diverse order. It

accounted for

was represented by four families, with Dyticidae
being the most dominant. This family included
the dominant genera Dytiscus sp., Agabus sp.,
and Laccophilus minutus, the latter contributing
21% of the Coleoptera population but absent in

105

stations S2 and S3. In contrast, the families
Hydrophilidae and Hygrobiidae were present in
smaller proportions. Ephemeroptera constituted
7% of the macroinvertebrate community and
was represented solely by the Baetidae family,
with fewer than 40 individuals recorded across
all samples. Amphipoda constituted 3% of the
macroinvertebrate =~ community and was
represented by a single family, Gammaridae.
Similarly, the orders Diptera and Decapoda
accounted for 2% of the total abundance across
the five stations, making them among the least
represented groups. Haplotaxida comprised 3%
of the community and were represented by two

families: Lumbricidae and Haplotaxidae.

Mekhada Marsh: During the study period,
676 individuals were collected across the four

sampling stations at Mekhada Marsh. These
specimens belonged to three classes: Insecta,
Clitellata.  The
invertebrates were classified into eight orders

Crustacea, and macro-
and 21 families. Insects were the most diverse
and abundant class in the macro-invertebrate
community sampled at this site (96.45%). They
were distributed across five orders and 18
families. The richest and most abundant orders
were Hemiptera, which accounted for 43.05% of
the total abundance (five families), and Odonata,
which contributed 24.41% (six families). The
other insect orders were less represented,
including Coleoptera (16.57%, five families),
Ephemeroptera (12.28%,
Diptera (0.15%, one family). Crustaceans were

one family), and
represented by only one order, the Amphipoda,
contributing 1.63%, by one the
Gammaridae. Clitellates constituted 1.92% of the
community and were represented by a single

family,

order and two taxonomic families. Detailed data
on the composition of macroinvertebrates at
Mekhada Marsh are provided in Table 2 and
Figure 2.

Table 3 summarizes the diversity indexes for
the sampled stations at Mekhada Marsh. The
first station (Sa) exhibited the highest diversity,
with seven orders and 18 families recorded. The
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second station (Sb) consisted of five orders and
14 families. The third station (Sc) included six
orders and 14 families. The fourth station (Sd)
had eight orders and 19 families. Hemiptera

represented the largest order within the
macroinvertebrate community at Mekhada
Marsh, accounting for 43% of the total

abundance. The Notonectidae family dominated
this order, with Notonecta glauca being the most
prevalent species, contributing 25% (Figure 2).
Followed by the Corixidae family, dominated by
Corixa affinis, which constituted 20% of the
Hemiptera population and was observed across
all four stations. Other families, including
Veliidae, Naucoridae, Nepidae, and Pleidae
were present at lower abundances across all
samples. Odonata occupies the second position
after the Hemiptera in abundance, comprising
24% of the macroinvertebrate community. This
order represented by six families:
Libellulidae (39%) being the most dominant due

to the abundance of Orthetrum sp., which was

was

particularly prevalent at the first station (S1). The
other families in this order include Lestidae
(18%), Gomphidae (15%), Coenagrionidae (13%),
Cordulegastridae (10%) and Aeshnidae (5%).
Coleoptera accounted for 17% of the total fauna,
represented by the families Dytiscidae and
Hydrophilidae, commonly found in stations Sa,
Sb, and Sd. Ephemeroptera constituted 12% of
our samples, represented solely by the species
Buaetis sp. of the family Baetidae (83 individuals).
The highest abundance was recorded at the
fourth (5d). A
Chironomidae, and a single species, Chironomus

station single family,

Table 3. Diversity indexes in the nine stations

R. Hamdji et al.

plumosus, represented Diptera. Amphipoda and
but

abundances across all samples. They constituted

Haplotaxida were present at lower
only 2% of the total community and were
observed in low numbers across all sampled

stations.

Data analysis
Table 3 presents a comparative analysis of the

diversity indices for the two study sites. The
results indicate that the macroinvertebrate
community at Lake Tonga exhibits significantly
higher abundance and species richness
compared to that of Mekhada Marsh (Figure 3),
which suggests greater ecological diversity and
habitat complexity at Lake Tonga relative to
Mekhada Marsh.

At Lake Tonga, we observed the four highest
diversity indices. Station S5 had the highest
values, which showed a Margalef index of 3.487,
a Shannon-Wiener index (H') of 4.439 bits, an
equitability value (E) of 0.934, and a Simpson
index of 0.946. Station S2 recorded a minimum
Shannon-Wiener diversity index (H') of 3.39 bits,
an equitability value (E) of 0.762, and a Simpson
index of 0.845. (Table 3).

Mekhada Marsh recorded its most significant
diversity indices at specific stations. Station Sc
exhibited a minimum Shannon-Wiener diversity
index (H') of 3.371, a Margalef index of 3.509, an
equitability value (E) of 0.773, and a Simpson
index (D) of 0.862. Station Sa recorded the
maximum values, including a Shannon-Wiener
index (H') of 4.01, a Simpson index (D) of 0.917,
and a Margalef index of 4.858 (Table 3).

Stations
Diversity indexes S1 S2 S3 S4 S5 Sa Sb Sc Sd
Richness 33 22 28 18 27 27 20 18 26
Individuals 479 164 295 131 164 211 162 127 176
Simpson (1-D) 0940 0.845 0.922 0.892 0946 0.917 0.907 0.865 0.862
Shannon (H’) 4394 3.390 4.121 3.590 4.439 4.010 3.746 3.371 3.635
Margalef 5.185 4.118 4.748 3.487 5.098 4.858 3.735 3.509 4.835
Equitability(E) 0.870 0.762 0.857 0.862 0.934 0.843 0.867 0.808 0.773
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Mekhada

Hydroporus palustris
Haliplus obliquus
Gyrinus sp

Tonga

Paratanytarsus dissimilis
Dicrotendipes nervosus
Glyptotendipes barbipes
Enallagma cyathigerum
Coenagriides sp
Oxygastra curtisii
Calopteryx sp
Hydroporus sp
Microvelia sp

Cymatia sp

Atyaephyra desmarestii

Figure 3. Venn diagram illustrates Beta diversity between two lakes.

The Non-Metric Multidimensional Scaling
(NMDS) the
producing a well-fitted model with a stress value

analysis  confirmed results,
of 0.04 (Figure 4). The study also demonstrated a
strong positive linear relationship between
observed  dissimilarities and ordination
distances, with an R? value exceeding 0.95.
Specifically, the linear adjustment yielded an R?
of 0.974 (Figure 5).

The Bray-Curtis analysis revealed distinct

differences in the specific composition of
macroinvertebrates between the two habitat
types. This finding was confirmed by the
ANOSIM
significant differences between the two sites
(R=0.42; p=0.0171). Indicator species specific to
Lake Tonga included Dytiscus sp., Microvelia sp.,

analysis, ~which  demonstrated

Atyaephyra desmarestii, and Aeschna sp., while
Lestes sp. and Baetis sp. were identified as
indicators for Mekhada Marsh.
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Figure 4. A non-metric multidimensional scaling (NMDS) plot illustrating
macroinvertebrate density across different habitat types in Lake Tonga and
Mekhada Marsh.
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Discussion

The results obtained from the population of the
five stations of Lake Tonga clearly show that the
richest station is Oued-Messida (S1), which has
both the greatest species diversity (33 species)
and the largest population size (479 individuals),
followed by the Chalet station (S3) with 295
individuals and 28 species. These stations are
both situated on the northern edge of the lake,
areas that experience minimal anthropogenic
activities. This observation aligns with the
conclusions of Khedimallah & Tadjine (2016),
who noted that less disturbed environments
support greater biodiversity.

Moving further away from urbanized areas,
we observe higher species richness and larger
population sizes. This was noted at the stations
Faidelalueg (S5) and Miradore (52), with 164
individuals for each station. Faidmrad (54),
located close to urban settlements and subjected
to agricultural activities in summer, represents
the poorest station in population size, with 131
individuals.

The negative influence of human activities,
such as urbanization and seasonal agriculture, is

apparent, as stations closer to these activities
show reduced biodiversity. These findings
further highlight the importance of preserving
natural habitats and minimizing anthropogenic
disturbances to maintain ecological balance.
Among the stations of the Mekhada Marsh,
the station Benhoumana (Sa) is the richest in
species diversity and population size, with 211
specimens. This is followed by the El Mafragh
(Sd) station, which houses 176 specimens. These
that
favorable ecological conditions that support

results suggest these areas provide
greater biodiversity and population density
compared to other stations.

The relatively high numbers in these stations

may be attributed to their location and

environmental characteristics, which might
shield them from the direct impacts of
anthropogenic  activities. =~ These  further

underscore the significance of habitat quality
and human activity in shaping biodiversity
patterns within the Mekhada Marsh ecosystem.

The life
invertebrates play a critical role in their

cycle strategies of aquatic

distribution and survival in varying ecological
conditions. Groups such as Ephemeroptera,
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Odonata, and Diptera are exclusively aquatic at
their
Coleoptera use aquatic habitats at the larval and

larval stage, while Hemiptera and
adult stages. Additionally, during dry periods,
some invertebrates adapt by entering diapause,
a dormancy state that allows them to persist
either as adults or larvae within the substrate.
This survival strategy minimizes interactions
with

continuity through challenging environmental

unfavorable conditions, ensuring
periods (Zacharias et al. 2007). This ecological
behavior explains the variation in the occurrence
and distribution of different species within the
studied regions, as habitat availability and
seasonal conditions heavily influence their life
cycles and population dynamics.

In the Hemiptera group, the species Notonecta
glauca of the Notonectidae family is the most
represented population in the two study sites
across the entire hydroperiod. This dominance
has been similarly observed in numerous
studies, including those by (Florencio et al. 2009,
Karaouzas et al. 2015, Saoudi et al. 2018, Djamai
2020). This species has been reported as
abundant in the Middle Atlas by Aguesse et al.
(1982) and in the rivers of the Atlantic coast and
the Central Plateau (Gheit 1994). These findings
underscore the adaptability and ecological
success of Nofonecta glauca, particularly in
freshwater habitats with varying hydrological
conditions.

Corixidae is the most common family among
aquatic invertebrates in the temporary lakes of
eastern Algeria (Zouaidia et al. 2021). Within this
family, the species Corixa punctata has been noted
in regions such as the central plateau of the
Middle and High Atlas (Aguesse et al. 1982,
Gheit 1985, 1994). These Hemiptera species are
particularly remarkable for their tolerance to
salinity (Pinder et al. 2005). This adaptability
makes them significant ecological components of
the studied the

biodiversity and resilience of these aquatic

regions, contributing to

ecosystems under varying environmental
conditions. Their widespread presence and
their

bioindicators for studying salinity and habitat

tolerance  underscore potential  as
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quality in temporary lakes and similar
ecosystems.

The Order Odonata includes several endemic
families in the Mediterranean basin (Riservato et
al. 2009). In fact, in Lake Tonga, there are five
families of Anisoptera: Libellulidae, Aeshnidae,
Cordulegastridae, Gomphidae, and Corduliidae.
A single family, the Coenagrionidae, represents
the Zygoptera suborder with the presence of
Ischnura sp.
the Mekhada Marsh is

represented by only one family, Libellulidae,

In contrast,

represented by Orthetrum sp. Lestidae is a
Zygoptera family found across all stations in this
studies the
that the
distribution and survival of Odonates (Schindler
etal. 2003, Boudot et al. 2009). Water permanence
the
development and survival of Odonate larvae

region.  Several emphasize

environmental factors influence

and flow are considered factors for

(Hafiane et al. 2016). Intensive anthropogenic
pressures, such as urbanization, deforestation,
agriculture, and pollution, can lead to a lack of
Odonates (Dommanget 1989). As
predators, Odonates are recognized as reliable

wetland

bio-indicators of environmental quality and

degradation. (Schmidt 1985, Moore 1997,
Chovanec & Waringer 2001).
In the Coleoptera, the Dyticidae,

Hydrophilidae, and Hygrobiidae are found in
Lake Tonga and the Mekhada Marsh. However,
the families Haliplidae and Gyrinidae are
exclusive to the Mekhada Marsh like in other
cases (Cupsa & Marian 2012), coleopteran
species are generally not benthic because they
can swim in water; moreover, the low number of
species has been attributed to their need for
submerged vegetation and a constant flow of
water to establish healthy communities (Galdean
et al. 2001, Cojocaru 2005). These findings
highlight the importance of habitat quality,
particularly vegetation cover and hydrological
stability, in supporting the diversity of aquatic
beetle

management

communities. Sustainable water

and conservation of aquatic
vegetation are crucial for maintaining the

ecological balance and ensuring the survival of
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these species.

All Ephemeroptera species in Lake Tonga
and the Mekhada Marsh belong to the same
family, Baetidae, with a single taxon, Baetis sp.
(Bouchard 2004). These Ephemeroptera are often
small but can become highly abundant when
conditions are favorable. Additionally, most
Baetidae species are known for their high
tolerance to pollution. (Khedimallah et al. 2016).
This adaptability enables them to persist in
environments that may experience varying
levels of water quality degradation, contributing
to their abundance in both lakes. The pollution
tolerance of these species suggests that they are
resilient to changes in their aquatic environment,
allowing them to thrive under conditions that
may not support other, more sensitive species.
This resilience makes Buaetis sp. a useful species
for ecological monitoring, particularly in
assessing the health of aquatic ecosystems that
may be subject to pollution or environmental
disturbances.

In both study sites, the Amphipoda are
represented by a single family, Gammaridae,
and a single genus, Gammarus sp. These
populations were collected in relatively low
numbers, likely due to the species' preference for
mountain streams, as noted by Haouchine
(2011). Gammarus sp. typically thrives in cooler,
fast-flowing freshwater environments, which
may explain its lower abundance in the relatively
calmer conditions of Lake Tonga and the
Mekhada Marsh.

The Chironomidae family is present at Lake
Tonga, specifically at the first station (S1),
characterized by slow-moving waters. In our
study, the species identified are Chironomus
plumosus, Paratanytarsus dissimilis, Dicrotendipes
nervosus, and Glyptodentipes barbipes (Zerguine
2010). These

environments with low flow, and their presence

species are well-adapted to
in Station S1 reflects the suitability of such
conditions for developing Chironomidae larvae.
The preference for slow-moving water may be
linked to the availability of suitable substrates
for larvae and the reduced disturbance from
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faster currents, which would otherwise affect
their survival.

The larvae of Diptera and Ephemeroptera are
highly abundant in aquatic environments,
generally occupying the first place among all
Indeed,
freshwater

other aquatic insect communities.

Chironomidae are widespread
insects and are generally the most abundant in
lentic and lotic environments. Chironomids are
installed where water flow is more stable, often
accumulating debris (Armitage et al. 1995, Cupsa
et al. 2010). Oliveira et al. (2010) and Hone &
Beneberu (2020) have argued that the different
species of Chironomidae are dominant and

exhibit a high tolerance to organic and industrial

pollutants. As a result, Chironomids are
frequently used as bio-indicators for assessing
water quality, especially in environments

impacted by pollution. Their ability to thrive in
environments with lower water quality makes
them valuable for monitoring and evaluating the
health of aquatic ecosystems, particularly in
areas affected by organic and industrial
contamination.

The worms of the order Haplotaxida are
annelids represented by two families: the
Lumbricidae and the Haplototaxidae, both of
which  inhabit

Freshwater  Oligochaetes

freshwater  environments.

are herbivorous
animals that can bury themselves in sediments.
The presence of Oligochaetes is commonly used
as an indicator of pollution and environmental
degradation (Rodriguez & Reynoldson 2011).
Atyaephyra desmarestii, or freshwater shrimp,
is often caught in habitats on the banks of water
bodies, particularly in stagnant waters with
bottoms rich in aquatic vegetation. It can also be
found between the roots of emergent plants.
According to Meurisse-Génin et al. (1985),
Atyephyra desmaresti is a special detritivore
that the
filamentary green algae found on the rocks of

organism feeds on scratching
streams.

The deterioration of water quality in some
Algerian lakes due to pollution has been noted

by several authors (Ahriz et al. 2010, Nadir &
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Boualem 2016, Bemmoussat-Dekkak et al. 2021,
Bouchelouche et al. 2021, Dijitli et al. 2021, Naili
2021, 2023). This
deterioration has been aggravated by the

et al Houmani et al.
climatic changes these last years. During our
study, we noticed a significant drought, with
both Lake Tonga and the Mekhada Marsh
becoming completely dry starting in April, even
during the usually rainy months. This severe
lack of water directly impacted the biodiversity
of these ecosystems. During the two cycles, the
precipitation = sampling  was  restrictive,
explaining the reduced number of macro-
invertebrates collected compared to the other
work carried out in the same region (Saoudi et al.
2018). The lack of consistent water levels and the
negative effects of drought on habitat quality
may have led to lower populations of aquatic
organisms, especially those that rely on stable
water conditions for survival and reproduction.
highlight
ecosystems are vulnerable to the effects of

These findings how freshwater
climate change, especially in areas where water
availability is already unpredictable.

The Diversity indexes show a significant
number of species, and the Shannon index values
reveal a different diversity of macro-vertebrates
between Lake Tonga and the Mekhada Marsh,
providing more information than the number of
present species (Drouai et al. 2018). The
differences in the composition of specific
richness and abundance of insects between the
two sampling sites can be explained by the
substrate types (De Sousa et al. 2008) and
changes in climate factors and biotic indices that

determine  water quality. Only certain
communities can adapt to these fluctuating
environmental conditions, affecting their

presence and distribution across the sites.

In conclusion, the data obtained on the
diversity of benthic macro-invertebrates indicate
that despite their importance, both sites are at
risk of ecological destruction. This is leading to a
decline in species' regularity, richness, and
presence. It is important to consider temporary
changes when studying the composition of
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macro-fauna communities because ecosystems
are subject to short-term fluctuations that can
have significant impacts on species abundance
and diversity. These temporary changes, such as
seasonal variations in temperature, rainfall, or
water levels, can influence the presence and
behavior of certain species. Additionally, brief
disturbances such as pollution events or human
activities changes can cause immediate but
short-lived shifts in community composition.
While these changes may not permanently alter
the ecosystem, they can still affect the health and
stability of the habitat in the short run. Taking
temporary changes into account allows
researchers and managers to better understand
the dynamics of the ecosystem, assess its
resilience, and develop more effective strategies
By
recognizing these fluctuations, we can avoid

for conservation and management.
drawing conclusions based solely on long-term
trends and ensure that we address both
immediate and ongoing environmental
challenges.

The wildlife of our study site is mainly
composed of benthic macro-fauna which have
identified many pollution-sensitive  taxa
(Ephemeroptera, Coleoptera and Odonata). The
presence of these species indicates a healthy and
stable aquatic environment. The data collected
from these environments serve as the foundation
for further research and will guide future studies
aimed at enhancing and expanding these
findings. Additionally, this research will inform
sustainable management strategies for these
habitats. One key recommendation is to limit
agricultural activities around these lakes to
prevent further water quality degradation. By
doing so, we can help prolong the lifespan of
these their

biodiversity for future generations.

ecosystems and  safeguard
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