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Abstract:

Background:Benghazi Lake is one of important Landmarks in the center of Benghazi city. It suffers a huge
contamination because of sewage discourages.so the presentstudyaims to monitor and recodralgaespeciesfrom
the surface water of benghazialgaethatcanbeindicators for Lake pollution.

Materials and Methods: Thirty-six samples were collected bi-monthly from 3 stations from Benghazi lake
between march and august 2021 from the surface layer. All samples were fixed by 4% formalin and stored in the
laboratory for microscopic analysis. Species cell density was determined by Uterméhl method, and Shannon-
Weaver index and Simpson's index were calculated.

Results: The present phytoplankton listcomprised 39 species related to 5 algal divisions, comprising of,
Chlorophyta51%, Cyanophyta23%, Bacillariophytal6%, Euglenophyta and Pyrrophyta5%divisions. the
dominance was for Chlorophyta and Cyanophyta.

Conclusion:The biodiversity analysis in this study showed that the Benghazi Lake was quite rich in microalgae
According to the indicator species that identified in this study, the lake suffered from high pollution.
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I. Introduction

Lakes ecosystems are increasingly affected by various anthropogenic impacts, such as eutrophication
which is causing by excess of nutrients, toxic contamination of industrial, agricultural and domestic origin [1].

Phytoplankton comprises the base of the food chain in the aquatic environment, and constitutes the
main group of primary producers [2]. They come in countless form and live in nearly all kinds of environments.
It grows suspended in open water by taking up the nutrients from the water and energy from sunlight.
Importance of phytoplankton in the aquatic environment can be originated from its biological nature as
microscopic aquatic algae containing chlorophyll pigments and grow by photosynthesis. The influence of
various factors on the seasonal appearance of phytoplankton differs significantly, with physical factors such as
temperature and light intensity.

Bio-monitoring assessments depend on the variations of indicator species and aquatic communities in
response to environmental changes, particularly those caused by the polluting agents to which they are exposed
[3], [4], [5]. Species that have predictable responses to changes in a selected variable can serve as bio-indicators,
reflecting the reactions of aquatic ecosystems to eutrophication and hydrochemical variables on aquatic
populations. Using of algal bio-indicators is becoming more widespread due to changing environmental
conditions [6], [7]. The assessments of aquatic ecosystems based on algological indicators are widely used but
monitoring studies of aquatic systems in Libya are very few. Most of algae studies that done in Libya were on
marine macroalgae [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19], and few that were done on
freshwater algae [20] [21] [22] [ 23] [24] [25] and algae in saline lakes [26].

There are characteristics make Benghazi lake important. Therefore, it is necessary to determine
pollution level, algae diversity of this lake. This study will make a basis to further studies. So, the aim of the
present study was to establish the taxonomic composition of algae, species cell densities and indicator species in
the Benghazi lake.

I1. Material and Methods
Study Area
Benghazi Lake (Its name was 23" July Lake) is located in the center of Benghazi and is one of the most
prominent landmarks of the city. It is connected to the Mediterranean Sea by a small canal with the port of
Benghazi with a width of 120 meters (Fig.1). Its total surface area is about 100 hectares with maximum depth
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of 5 m while the minimum depth is approximately 2.5 m. The lake was salt flat area and later transformed into
an artificial lake. It was a center of sea activities and fishing. From the nineties, the lake suffered from the
problem of sewage discharges, which led to contamination of the lake and the death of fish except that can live
on organic waste [27].
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Figure 1: Map of the study area, Benghazi lake, S1, S2, S3 are sites of samples collection.

Data Collection and calculations

Thirty-six samples were collected bi-monthly from 3 stations from Benghazi lake between march and august
2021 from the surface layer. All samples were fixed by 4% formalin and stored in the laboratory for microscopic
analysis. Observation and identification of phytoplankton was carried out in the phycology laboratory of
University of Benghazi, Department of Botany. Microscopic examinations (in triplicate) were conducted at a
magnification of 40 x using a light microscope. Samples were processed in three replicates and photographs
were taken with phone camera. Counting were performed following the Utermdhl method [28] by
haemocytometer chamber. Taxa identification was done by using keys, monographs and books [29] and algae
base web site [30] [31].

Microalgae diversity calculations

Microalgae diversity was calculated by Shannon-Weaver index (Shannon and Weaver, 1949).
H'= - Z pi In(pi)

Pi=n/N

n is the proportion number of an individual in the sample

N is the total individuals in the sample

Simpson's index: 1 - (pi?)

I11. Result and Discussion

For the current study, Benghazi Lake was selected as it possesses abundant algal diversity often evident
with bloom formation due to eutrophication and there were no previous reports on algal diversity in the area. A
total of 39 phytoplankton taxa comprising of, Chlorophyta, Cyanophyta, Bacillariophyta, Euglenophyta and
Pyrrophyta divisions. Chlorophyta has the highest percentage composition with 51%, followed by Cyanophyta
23% and Bacillariophyta 16% , while Euglenophyta and Pyrrophyta on the other hand had the least percentage
composition of 5% (Fig.2). Chlorophytes was the most microalgae group encountered both in terms of
abundance and frequency occurrence. Chlorophytes can live in wide range of nutrients and physical
environments.
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Figure 2: Algae composition in Benghazi lake.

Table 1: list of algae species collected from surface of Benghazi lake

Cyanophyta Oocyctisborgeil.W.Snow

Microcystis aeruginosa (Kutzing) Kiitzing Scenedesmusbijugus(Playfair) V.May
Chroococcusturgidus(Kutzing) Nageli DictyochloropsissymbionticaTschermak-\Woess
Merismopedia punctate Meyen, nom. illeg Stigeoclonium tenue (C.Agardh) Kutzing
CalothrixconfervicolaC.Agardh StichococcusbacillarisNageli
PhormidiumlucidumKiitzing ex Gomont Ulothrixaequalis (Prescott) H.S.Forest
OscillatoriaprincepsVaucher ex Gomont Ulothrixzonata(F.Weber& Mohr) Kutzing
LyngbyaconfervoidesC.Agardh ex Gomont CoelastrummicroporumNageli
StigonemamamillosumC.Agardh ex Bornet&Flahault Bacillariophyta

Arthrospira platensisGomont CyclotellameneghinianaKiitzing
Chlorophyta NitzschiapaleaGrunow, nom. inval
Monoraphidiumminutum(Nageli) Komark.-Legn. NavicularhynchocephalaKitzing
Pandorinamorum(O.F.Miiller) Bory Naviculatripunctata (O.F.Mdller) Bory
Spirogyra porticalis(O.F.Mdller) Dumortier NaviculasubtilissimaCleve
ChlamydomonasreinhardtiiP.A.Dangeard EncyonemahamsheraeD. Winter and Bahls
Chlorella vulgaris Beijerinck Fragilariapectinalis(O.F.Mller) Lynghye
Tetraderon minimum (A.Braun) Hansgirg Euglenophyta
OedogoniumgrandeKiitzing ex Hirn Euglena viridis(O.F.Mller) Ehrenberg
Chladophora vadorum (Areschoug) Kiitzing Euglena mutabilisF.Schmitz
Enteromorphaintestinalis(Linnaeus) Nees Pyrrophyta
Zygnemacruciatum(Vaucher) C.Agardh PeridiniumumbonatumF.Stein

Ulva lactucaLinnaeus Prorocentrum lima (Ehrenberg) F.Stein

There were clear fluctuations in the cell densities during sampling periods. The highest cell density was
recorded in the site 1 from samples collected on 28 June, while the lowest cell density was recorded in the site 2
collected on 27 march (Fig.3). Simpson’s index measure species heterogeneity, and it is a scale ranging from 0
to 1. 0 means no heterogeneity or no diversity in the community, while numbers close to 1 means high
heterogeneity or lots of diversity (Tab.2).

The sampling sites (S1, S2, S3) were mainly dominated by Microcystis aeruginosa (Cyanophyta), this
species is very toxic, it produces microsystin toxin [32], this toxin is carcinogenic [33]. Chlorophyta and
Cyanophyta are impacted by nutrient levels [34]. Nutrient depletion may be a factor that relates to Microcystis
causing a decrease in richness and evenness of algae biodiversity.
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Figure 3: Cell density (cell/L) of algae during sampling time in Benghazi lake.
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Table 2: Shannon-Weaver diversity index and Simpson's index of algae in Benghazi lake.

Shannon-Weaver diversity Simpson's index

Date of collection Site 3 Site 2 Site 1 Site 3 Site 2 Site 1
17-Mar 0.434 0.938 0.985 0.179 0.384 0.394
27- Mar 0.459 1.05 0.407 0.169 0.637 0.176
5-Apr 0.433 1411 0.200 0.175 0.591 0.074
28-Apr 0.394 1.410 0.286 0.156 0.591 0.115
23-May 0.364 0.498 0.972 0.141 0.218 0.435
31-May 0.651 1.093 0.836 0.312 0.455 0.438
9-Jun 0.738 0.595 1.471 0.300 0.279 0.588
28-Jun 0.433 0.736 0.793 0.176 0.415 0.275
4-Jul 0.527 1.778 1.382 0.205 0.748 0.548
3-Jul 0.402 0.633 2.165 0.293 0.235 0.873
5-Aug 0.593 0.861 0.956 0.998 0.315 0.382
29-Aug 0.680 0.551 0.854 0.265 0.236 0.318

Cyanophyta (blue-green algae) have been shown to outcompete Chlorophyta (green algae) at higher nutrient
levels, causing a decrease in biodiversity [35]. Cyanophyta used as a critical indicator for water quality because
of their toxicity and their probable risk to human health. Growth of Cyanophytes increased with increasing
temperature and organic contents in water bodies.

IV. Conclusion

Overall, the biodiversity analysis showed that the Benghazi Lake was quite rich in microalgae
especially with high abundance of unicellular and colonial forms. Cyanophytes and Chlorophytes were found to
be dominant in the study area. According to the indicator species that identified in this study, the lake suffered
from high pollution. The anthropogenic activities and urbanized catchment area are mainly responsible for
eutrophication in these lakes. So there is urgency to take conservation steps to prevent these lakes from further
eutrophication. Strongly recommend to the concerned authorities of the city corporation to take restoration
programs and minimize the anthropogenic activities in and around the lakes. Also this study recommends to
isolate Microcystis aeruginosa to test its effect on the genetic material of living cells in further study.
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