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Abstract
Freshwater algae (Chlorophyta) had been studied poorly in district Mardan, Pakistan, especially on the
taxonomic basis. The taxonomic study was carried out during 2017-2018 to evaluate the seasonal
variation and the distribution of freshwater algae, i.e., Chlorophyta in the different regions of the district
Mardan, Pakistan. A total of 55 species belonging to 15 other genera were recorded from other localities
of district Mardan. The most dominant genus was Spirogyra with 17 species (30.91%), followed by
Tetraedron, Cosmarium, Closterium with 5 (9.09%) and 4 (7.3%) species respectively. Moreover,
Cladophora, Zygnema, Mougeotia, Oedogonium and Stigeoclonium were found with 3 species (5.45%),
while Chaetophora, Rhizoclonium and Microspora each with 2 species (3.64%). Furthermore,
Closteriopsis, Ulothrix, and Uronema were 1 species each (1.8%). Among the studied regions, the Arabi
Kallay stream showed the highest numbers of species followed by Umar Khan and Kalpani streams. In
contrast, Baizai stream and Takht Bhai canal sites showed the lowest numbers of species. Besides, the
fluctuation in temperature also varies the distribution of Chlorophyta species, i.e., in summer; the
numbers of species were higher, while in winter the decreasing level of species was noticed. The
optimum temperature in summer was 35-40ºC, while in winter ranged 22-27ºC. This study not only
gives information about the Chlorophyta freshwater algae in district Mardan but also can provide a
baseline in the algal distribution for future studies in district Mardan.
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Introduction
Geographical history
Mardan is the second-largest city after
Peshawar in the Khyber Pakhtunkhwa
province, Pakistan. The district lies
Latitude 340 12' 7.02" North and Longitude
72° 03' 9.14" East. The total area of the
district is (1632) 2 kilometres, with a
population of 1.46 million, according to the
1998 census [1]. Mardan district broadly
divided into two parts, northeastern hilly
area and southwestern plain. The district is
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bounded with Bunir and Sawabi on the
northeast and north site covered by
Malakand agency, while on west and south
by Charsadda and Nowshera can be seen
respectively (Fig. 1) [2]. Among the
seasons, summer is scorching and the
temperature reaches 43.5ºC.
Algae have been found an exciting
collection for research work due to their
intuitive nature and distribution worldwide,
which may be due to their ability to exist in
different environmental conditions [3].
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Normally, algae are important for
producing organic photosynthetic materials
which provide bases for food webs of
animals [4]. According to Mursaleen et al.
[1], algae play an important role both in
human life as in the establishing of the
environment [10]. Nitrogen fixation is an
essential phenomenon for fertile soil and
water blooms, which is carried out by
Cyanophyceans [5]. Similarly, Various
other findings revealed that algae are a vital
source for the production of biodiesel
through the trans-esterification process, as
well as nutrition for fishes [6, 7]. Earlier
studies have shown that algae playing an
important role in aquatic food chains,
material circulation, energy flow, and
information
transmission
[8,
9].
Subsequently, the results of Ullah et al. [10]
showed that algae are a good source of food
and energy; among them, many unicellular
species are of prime importance. To know
the distribution of algae, some studies had
been done on the freshwater algae in Punjab
and Swat, Pakistan by Sher & Hazrat and
Jaffer et al. [11, 12] while, Zarina et al. [13]
reported green algae from northern
Pakistan.
Furthermore, Sarim et al. [14] reported 89
species of 31 genera of Chlorophyceae,
Bacillariophyceae, Xanthophyceae, and
Cyanophyceae in Charsadda (neighbour
district of Mardan). Moreover, the

biological and physiochemical variation of
algae was established by Ali et al. [15] in a
brackish water fish pond. To study the
biodiversity of Chlorophycean, a detailed
study was done by Reshmi et al. [16] in
Wetlands of Satna and investigated 52
species belongs to 32 different genera, 7
orders and 18 families. Khan et al. [3] had
been done a morphological and taxonomic
study in district Mardan and reported 73
freshwater algal species belongs to 25
families and 34 genera. A detailed survey
on the freshwater algae belong to
Chlorophyta, Cyanophyta, Xanthophyta,
Charophyta and Chrysophyta from district
Peshawar had been done by Yaseen et al.
[17] and reported 13 genera with of 51
species. Also, other researchers [7, 18-20]
had a similar study on green algal flora of
different areas of Pakistan. Recently,
Dastgeer et al. [21] reported 14 species and
9 genera from Marala headworks Sialkot
Pakistan. However, previous literature
showed that not much work had been done
on the green algal flora (Chlorophyta) in
district Mardan and their adjoining areas.
Therefore, the present study aimed to
elucidate the real number of species and
distribution as well as to provide some basic
knowledge related to different genera of
Chlorophyta for future studies to cover the
speculative gaps in district Mardan, KP,
Pakistan.

Figure 1. Topographical map of district Mardan Khyber Pakhtunkhwa Pakistan
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Takht Bhai canal) were selected for
samplings (Fig. 2). Other important streams
that join Kalpani are and Baghiari stream on
the west and Muqam stream, coming from
Sudham valley and Naranji stream from the
Narrangi hills on the left.

Materials and Methods
Study area
Mostly, the stream flows from north to
south in district Mardan and drain into
Kabul River [1]. Five research sites (Arabi
kallay, Umar Khan, Kalpani, Baizai and

Figure 2. Sampling sites in Mardan and adjacent regions took in 2017-2018 (A), and some
species observed with compound microscope (B)
Samples collection
More than 80 phytoplankton algal samples
of freshwater algae were collected with the
help of phytoplankton net, mesh size 5-10
µM from different regions of the district
Mardan. The collection of samples was
done in the mid of October 2017 to May
2018, following the method of Khan et al.
[3]. Threadlike algae were taken together
utilizing forceps, and desmid algae were
gathered through pipette, large-sized algae
and watered inside plants were hand-picked
up from the congregation places. Some of
the samples were collected from the top of
the rocks near the aquatic builds, from
shallow water, running water, standing
waters, and canals through the knife, stick
and polythene bags. The collected
specimens were kept in the polythene bags
and brought to the Laboratory, Department
of Botany, Islamia College, Peshawar. The
samples were preserved in 4% of Formalin
solution in bottles.

Laboratory work and identification
The algal samples were treated according to
[3] and used to guide for identification of
[22, 23]. From each sample, a single drop
was taken through a pipette and put on the
slide and then covered with a coverslip to
observe their characteristics with a
compound microscope. To find out the
freshwater algal species, identification was
made through the related literature [24-26].
Results
Physiochemical properties of the water
The study was conducted at the start of
October 2017 in various regions of the
Mardan district. During the investigation,
different collections were done from other
streams, where the physical characteristics
were not the same. The collection of
samples done from Umar Khan and Arabi
kallay streams were almost the same
because the temperature was similar in
those areas (28-30ºC). In contrast, the
temperature of the Takht Bhai canal was
low compared to streams and the reason
might be its rate of flow. Moreover, the
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depth of the streams was more than canal;
therefore, more collections were done from
streams compared to the canal. In spring
and summer, the temperature was very high
and ranged 30-350C. In later months, the
temperature could be more than 400ºC,
which can change the quality of the water.
Furthermore, it was noticed that a high
temperature could be increased salinity,
which may be due to the slow flow of water
in streams. Consequently, the quality of
water could be disturbed and decreased the
algal species.
Quantification of genus and species
In the current study, a total of 15 genera
with 55 species of unicellular and
filamentous algae were collected and

identified from adjoining streams and canal
of district Mardan. Among the studied
genera, Spirogyra was the most abundant
genus with 17 species (30.91%).
Furthermore, our results showed that
Tetraedron and Cosmarium were five
species, each (9.09%) and Closterium with
four species (7.3%) in the samples. The
other genera were Cladophora, Zygnema,
Mougeotia,
Oedogonium,
and
Stigeoclonium, with 3 species each (5.45%)
and Chaetophora, Rhizoclonium, and
Microspora with 2 species each (3.64%). In
contrast, Closteriopsis, Ulothrix, and
Uronema, with 1 species each (1.8%) were
recognized from the samples (Table 1).

Table 1. Numbers of genera with total no. of species and their percentage
S. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Genus
Chaetophora
Cladophora
Closteriopsis
Closterium
Microspora
Mougeotia
Cosmarium
Oedogonium
Rhizoclonium
Tetraedron
Spirogyra
Stigeoclonium
Ulothrix
Uronema
Zygnema

No. of species
2
3
1
4
2
3
5
3
2
5
17
3
1
1
3

% of species
3.64
5.45
1.8
7.3
3.64
5.45
9.09
5.45
3.64
9.09
30.91
5.45
1.8
1.8
5.45

spirally arranged and parietal ribbon-like
bodies were embedded in the cytoplasm.
Tetraedron, Cosmarium and Closterium
Our findings revealed that Tetraedron and
Cosmarium were the second largest group
of genera after spirogyra comprising five
species each (Table 3). Tetrahedron cells
were solitary and unattached with various
shapes. Moreover, it was observed that the
cells were triangular and flat, pyramidal
with poly-headric ends. The angles were
variously lobed to form dichotomous or

Spirogyra
Our study showed that Spirogyra was the
most abundant genus with 17 species
having filamentous and unbranched with no
basal-distal differentiation (Table 2). The
rhizoidal branches were developed
laterally, where the filaments come in
contact with the substrate. The cell was
cylindrical, short to very lengthy in some
species, with the plane or colligates end
walls. Chloroplast was 1-16 straight or
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trichotomous spine-tipped progressions.
movable depths. Chromatophores usually
The chloroplast was with too many parietal
axial in each cell, with four curved
discs and tables. The genera of Cosmarium
longitudinal tables and each cell contained
cells were variable in size, a little longer
1-2 large pyrenoids. Cell walls were
than wide and rarely twice as long as wide.
smooth, punctuate, granulate and varicose
Generally, the cells were flattened,
or papillate with the markings arranged in a
symmetrical three planes at right angles to
definite pattern.
each other and restricted in the central to
Table 2. Genus Spirogyra and their Species from Takht Bhai and adjacent regions of
district Mardan
Genus Spirogyra
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Species
S. Affinis
S. Circumlineata
S. Communis
S. Condensate
S. Conllinsii
S. Crassa
S. Daedaleoides
S. Deciminia
S. Denticulate
S. Dubia
S. Ellipsospora
S. Fallax
S. Farlowii
S. Fluviatilis
S. Formosa
S. Fuellebornai
S. Gratiana

Table 3. Distribution of algal genus and their species at district Mardan
Genus
Cladophora

Zygnema
Mougeotia

Oedogonium

Stigeoclonium

Cosmarium

Species
C. Crispate
C. Fracta
C. Oligoclona
Z.cyanosporum
Z.sterile
M.capucina
M.genoflexa
M.punctata
O.autumnale
O.crassum
O.oblangum
S.attanautum
S.flagelliferum
S.tenue
Cos.quinarium
Cos. Botrytis
Cos. Subcostatum
Cos.subcrenatum
Cos.triplicatum

Genus
Closteriopsis
Ulothrix
Uronema
Chaetophora
Rhizoclonium

Microspora
Tetraedron

Closterium
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Species
C. Longissima
U.cylindricum
U.elongatum
C.attenuata
C.pisiformis
R.crassipelitum
R.hookeri
M.crassior
M.stagnorum
T. Arthrodesmiforme
T.limneticum
T. Constrictum
T. Gracile
T. Hastatumvar. Platinum
C. Littorale
C. Acerosum
C. Parrulum
C. Leibleinil

Ullah et al.

Moreover, the cells of Closterium were
elongated, usually attenuate and rarely
straight. It was observed that most of the
cells were curved and often strongly
semilunar with no median compressions.
The poles of the cells were truncate or
attenuated to fine needle-like points. The
cell wall was fine and smoothed, costate
and striate. Additionally, the cell wall was
colourless
or
yellow
to
brown.
Chromatophores were thorough with a
variable number of longitudinal ridges.
Pyrenoids were few or many, usually in a
single axial row or more rarely scattered
throughout the chromosphere having
terminal vacuole in the middle of cell ape.
Cladophora, Zygnema, Mougeotia,
Oedogonium and Stigeoclonium
In the present study, it was noticed that the
species of Cladophora genus were
threadlike with the number of branches and
were floating freely, while in some cases
were attached firmly through rhizoidal
cells. The cell was multinucleated and
larger with thick walls. Moreover, a discoid
shape single reticulate Chromatophore was
observed. Several pyrenoids were present
with
quadric
flagellate
zoospores.
Furthermore, our results demonstrated that
Zygnema has vegetative cells with 18-22
µM in diameter, while some were ranged up
to 270 µM in diameter. The length of the
cell was 50-90 µM without a flattened
shape. The formation of Zygospores was in
the tube. Genus Mougeotia contains several
species with simple filament having one or
two cell branches with cylindrical cells. The
structure of Chromatophores was flattened
with some pyrenoids in a single row. Also,
it was noticed that the zygote was formed in
the mating tubes having various structures
and colours with exterior ornamented walls.
Likewise, the findings of genus
Oedogonium species revealed un-branched
attached filaments. The shapes of cells were
cylindrical and became enlarged towards
the lower side, where one or more ring-like
structures were resulting from the cell
division. The green pigment of chloroplast
was parietal with several pyrenoids. The

nucleus was present at the periphery of the
protoplast. The male cells antheridia were
either small or in a compartment like cells
and bearing antherozoids. The species of
genus Stigeoclonium exhibited filaments
without branches extended from the flat
part of the thallus. The branches might be
reduced to a mass of pseudoparenchymatous cells. A small thin film of
mucilage covered the filament of the body.
Several branches were protruding in
random order composed of smaller cells
than the central axis filament. The structure
of chloroplast was of the parietal plate
covering holding a large part of the cell wall
and, most of the time, present in the cells of
the branches. Cells contain one to several
pyrenoids.
Genus Chaetophora, Rhizoclonium, and
Microspora
Our findings revealed that the species of the
genus Chaetophora were branched
threadlike macroscopic structures with a
tough outer layer, which could be round
shape or irregular at apices. The
filamentous body was multicellular with
cylindrical or in protruded shape. Single
Chromatophores was found covering the
complete wall in new cells. Pyrenoid was
available and, at later stages, become in the
zonate form in larger compartments. The
genus
Rhizoclonium
species
were
filamentous, making twisted free mats.
However, some species were un-branched
with short rhizoidal branches, while at some
stages with long stems having more cells
with no basal differentiation. The structure
of cells was cylindrical, may be temporary
or more extensive with somehow inflated
walls. The discs of chloroplast were parietal
with dense interpretation, while sometimes
irregularly in a structure having an oval
shape with pyrenoids. The filament of
Microspora was un-branched in a detached
form with slightly swollen cells. The cell
wall of some species was thin, while in
some it was lamellate and thick formed of
two parts intermitting in the middle region.
In mature stages, the filament showed some
H-shaped fragments at their points of
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contact and formed an irregular chloroplast.
The species of this genus indicated no
pyrenoids.
Genus Closteriopsis, Ulothrix and
Uronema
The genus Closteriopsis is phytoplankton
green algae having larger chlorophytes with
one cell curved at both sites. Our findings
showed that the section contains several
rings of pyrenoids in each chloroplast. The
structure of the cell was slender, which has
less pyrenoid, usually more bent. The cells
were in separate form due to chloroplast.
This species was abundant in ponds and
streams compared to canals. The
filamentous body of the genus Ulothrix
species was un-branched with cylindrical
cells, which might be coming outside from
the holdfast with differentiation. The
chloroplast was parietal and free-floating in
some species and forming a ring throughout
the cell at some stages. The genus is
distinguished from another genus because
the chloroplast covers the whole wall in this
genus, more could be characterized by
attached growth and containing the
holdfast. The plants of genus Uronema
could be compared with the early and
developmental stages of Ulothrix and with
the members of
Chaetophoraceae,
Stigeoclonium. This genus could be the
second shape of Ulothrix because it also has
the attached growth and holdfast at the
basal body. The chloroplast was a crumpled
parietal plate spreading for 2/3 of the edge
and ½ to 2/3 the length of the cells having
two pyrenoids. The ending cells have no
symmetry and tapering to a point with
slightly covered.
Variation and richness of the genus in
different areas
The most incredible variety of distribution
was noticed among the species distribution
in other regions. Our data demonstrated the
high distribution proportion of Spirogyra in
Arabi kallay and Baizai streams as well as
Takht Bhai canals sites followed by
Kalpani streams (Fig. 3). The lowest
number of species, i.e., Closteriopsis,
Ulothrix, and Uronema, was recorded from

Arabi kallay, Umar khan and Kalpani
streams respectively (one each). Moreover,
some of the species were found in uniform
size distribution in Arabi kallay, Umar
Khan, and Kalpani and Baizai streams. The
variation in species distributions could be
due to the physicochemical properties of
the water, as well as the depth of the streams
and canals.
Moreover, the temperature played an
essential role in the distribution of the
species in different localities. The high
distribution and richness of species in
canals and other few streams might be due
to the optimum temperature of the region,
which is considered an ideal place for the
growth of green algae. Furthermore, our
data showed that the Arabi kallay stream
has the highest number of species, followed
by Umar khan, Kalpani, Baizai streams, and
Takht Bhai canals sites. The following
increasing order of species was noticed
among the streams.
Discussion
Algae are autotrophic organisms, constitute
an essential group of Thallophyta.
Generally, Chlorophyta or green algae is
called chlorophytes belongs to the kingdom
Protista, which is considered one of the
most diverse groups of organisms. It is the
group of green photosynthetic eukaryotic
aquatic organisms, with typical features of
plant-like chlorophyll, which given them
green colour. Mostly chlorophytes species
are in abundance in the water of lakes and
oceans and rocks [27]. Green algae are also
found in different symbiotic associations
with other forms, including lichens,
protozoa, and parasites on tropical plants.
However, there are also found in the
terrestrial environment, where they develop
noticeable growth, which includes tree
bark, rocks, walls of houses, and animal
hairs [28]. There are estimated to be at least
600 genera with 10,000 species within the
green algae. The present research work
emphasizes green Algae of Takht Bhai and
adjacent areas of district Mardan.
A total of 15 genera were identified with 55
species from different streams of Mardan,
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i.e., Arabi kallay, Umar Khan, Kalpani,
Baizai streams and Takht Bhai canal site
from October 2017 to May 2018. In the
present study, thread shape form of species
was found in an abundance of
Chlorophyceae. Similar thread shape
structure species were reported by Ali et al.
[7] in the freshwater water of district Swat.
Later on, it was noticed that the thallus
shape structure was of genus spirogyra,

with a more significant number of species
compared to the other genera. The variation
of species was found with area to area, and
the dominant species observed were
Spirogyra with 17 species (30.91%) (Fig.
3). Moreover, our data showed that
Spirogyra was holding a peak value of 4 in
the group in all the study areas (Fig. 4). The
Spirogyra was (100%) prevailed and
occupied all the designated habitations.

Figure 3. Total number of species occupied by different streams

Figure 4. Distribution of species in different localities of district Mardan
Furthermore, Arabi kallay has the dominant
number of species compared to other
streams. The previous findings of Ali et al.
[19] also indicated the highest reported
species of Spirogyra. However, Tetraedron,
Cosmarium and Closterium were abundant
by species but not recorded from some

sites, which display that these algae are not
frequent as Spirogyra. Additionally, the
genera Zygnema, Cladophora, Microspora,
and Mougeotia were recorded more
frequently than the Tetraedron, Cosmarium
and Closterium in the collected samples.
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Additionally, it could be observed that
Arabi kallay, Baizai stream and Takht Bhai
canals have the highest number of spirogyra
species compared to others. The fluctuation
of species from low temperature to high
temperature was also demonstrated by
Krupa et al. [29], described that
Zooplankton species of the measured
regions of the sea were related in structure,
while the alignment of the principal species
was different. All of the observed species in
our study were in planktonic form, which
was similar to the findings reported by
Aliya et al. [18] from Karachi Pakistan. In
the present study, different green algal flora
was observed with several concentrations
from the stream, ponds and canals sites of
Mardan. On the morphological bases the
species were strapped unicellular, coccoids,
branched or un-branched filaments, to
multinucleated macrophytes and taxa with
parenchymatic tissues. Our results
demonstrated that there were regular
variations in the growth and abundance of
green algae. The increase of algae was
noticed more in summer compared to
winter, and it may be due to the optimum
temperature in summer. Similar results
were reported by Ali et al. [7],
demonstrated that temperature plays an
essential role in the distribution of
phytoplankton flora.
Previously prescribed findings of Usinger
et al. [30], showed that with the increasing
temperature, the dissolved oxygen in water
decreased. However, it could be observed
that the variation of species and their
distribution cause to affect the structural
communities of the different streams and
canals. According to the findings of Krupa
et al. [29], the reason for this variation
might be due to the organic pollution of the
water. It was observed that the biomass of
phytoplankton algae was in the range of
(0.23-0.29 g/m3) and (0.65–0.66 g/m3) in
the Middle Caspian and Northern Caspian
respectively [29, 31]. Furthermore,
seasonal variation in different species of
green algal flora was also reported by
Satpati et al. [32] in Indian Sundarbans

mangrove forest and by Ali et al. [7] from
swat Khyber Pakhtunkhwa Pakistan. The
variation of species in different regions and
their distribution could be due to the quality
of the water [33]; however, comprehensive
biological methods are needed to measure
the quality of water [29]. Another factor
that was noticed during the study was the
depth of water, as more species were
collected from stream compared to canals
and ponds because the depth of the stream
was more than ponds and canals, where
more algal communities we noticed.
However, in winter, the depth of water can
change the quality of the water and harmful
for algal communities because of
eutrophication developments, which could
change the nutritional quality of the water
and reduced the algae. However, a positive
relationship could be observed in summer
[34].
Conclusion
Freshwater algae distribution was found to
have fluctuated with temperature, and the
highest numbers of species were reported in
the summer season. In winter, the species
were decreased because the temperature
was low and more algal communities were
affected. However, the deep level of water
was off most important because a more
significant amount of species was recorded
as a stream has deep water. While in deep
winter, water was affected by the low
temperature and eutrophication, where the
quality of the water changed. In the present
work, Spirogyra was in abundance in the
water compared to the other species.
Moreover, the highest numbers of
Spirogyra were reported from Arabi kallay
followed by Umar khan and Kalpani
streams. The seasonal variation was
noticed, and from low to high temperatures,
the species were increased. Furthermore,
from winter to summer, the quality of the
water improved, while in winter, the quality
of water becomes bad, which makes it unfit
for drinking and recreation. More research
work is recommended to find the seasonal
variation and distribution of freshwater as
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well as low water algae in the region of
district Mardan Pakistan.
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