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REICHENBACH, 1828 AND CHAROPHYTA MIGULA, 1890 ALGAE
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Abstract. Increasing water pollution and climatic changes affect algal populations and, in turn, regional
ecosystems. The algal flora was assessed at five different localities of District Swat, Khyber Pakhtunkhwa,
Pakistan at altitude 972-2,061 m a.s.1. Altogether, 105 taxa of algae from Charophyta and Chlorophyta divisions
were found for the first time in 200 samples of algae collected during 2007-2016. The number of Chlorophyta
species, represented by 86 taxa, strongly prevailed over Charophyta species (19 taxa). Water turbidity, water
transparency, and iron have a positive correlation with altitude, whereas water temperature, pH, total dissolved
solids (TDS), ammonia, nitrate concentration, and zinc correlated negatively. Over 50 % of species were
represented by 19 genera with two genera of Charophyta (10.4 %) and 17 of Chlorophyta algae. Eight types of
thallus structure were found with predominance of the lowly organized structure as a result of growing in an
unstable environment. In the seasonal dynamics, the decrease in species richness with increasing altitude was
revealed. Statistical analysis of relation between algal species richness and environmental variables suggests
that altitude is a regulating factor of algal diversity development because the water temperature stimulates species
richness, while altitude suppresses it. Therefore, mild summer and favorable spring seasons result in prolific
vegetative growth of Chlorophyta and Charophyta algae species in the Swat River Basin habitats, but algal
communities in the investigated area can be subjected to pollution impact. The results of this research will help
in developing strategies for the conservation of aquatic ecosystems in Pakistan since the studied high-altitude
areas of the Swat Basin can be seen as reference areas.
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AHHoTanus. Pactymee 3arpsi3HeHre BOJIBI U KIIMMAaTHYECKAE H3MEHEHHUS BIUSIOT Ha TIOMYJIS UM BOAOPOCIEH U,
B CBOIO 0YEPE/Ib, HA PETHOHATIBLHBIE YKOCUCTEMBI. JlaHHOE HCCIIe0BAaHUE ITPOBENEHO C IIEIBI0 BBISBICHUS (IIOPHI
BOJIOpOCIIEH B MATH pa3iNYHBIX palioHax okpyra Csart, Xaiibep-Ilaxtynxsa, [lakucraHn, Ha BbicoTe 972-2061 M
HaJ ypoBHeM Mopsi. Becero 105 TakconoB Bomopocieit u3 oraenos Charophyta u Chlorophyta 6s111 BriepBbIe
obHapyxensl B 200 o0pasiax, coopannbix B TedeHue 20072016 rr. Yucno Buaos Chlorophyta ¢ 86 Takconamu
3aMeTHO npeodianano, B ornuane ot Charophyta (19 Takconos). [lokazarenu mpo3payHOCTH BOIBI U XKeje3a
HUMEIOT TTOJIOKUTENBHYIO KOPPEISILIAIO C BBICOTOM, TOTZa Kak TemmepaTtypa Boabl, pH, obmas MuHepanuzanms,
aMMHAaK, KOHIIEHTpALUsI HUTPATOB U IIMHK KOPPEIUPYIOT C BBICOTOH MecTooOuTaHus oTpunarensHo. bonee 50 %
BHJIOB IIpeacTaBiacHbl 19 ponamu, B ToMm uncie aAyms poxamu Charophyta (10,1 %) u 17 ponamu Chlorophyta.
OOHapyXeHO, YTO Y BOCBMHU THUIIOB CTPYKTYpBI TayjioMa Tpeo0iialaeT HU3KOOPTaHU30BaHHAS CTPYKTypa, 4YTO
SIBIISIETCSL PE3YJIBTATOM POCTa MOMYNISAIHUNA BOJOPOCiIe B HECTaOMIBLHOU cpese. BBIsSBICHO CHIKEHHE BHIOBOTO
OoraTcTBa ¢ yBeJINU€HUEM BBICOTHI B CE30HHOH JuHAMUKe. CTaTUCTHYECKHIH aHAIN3 B3aMMOCBSI3U MEX]1y BUJIOBBIM
00raTcTBOM BOAOpPOCIEH M MEPEeMEHHBIMH CPEIbl MIOKa3aJ, YTO BBICOTA SBISIETCS PEryIHPYIOIIUM (HakTopoM
Pa3BUTH pa3HOOOpa3usi BOJAOPOCIEH, TaK KaK MOBBIINICHWE TEMIIEPaTyphl BOJbl CTUMYIHPYET, a yBeJIHUECHUE
BBICOTHI MECTOOOMTAHUs, HA00OPOT, MOAABIIET BUAOBOE OorarcTBo. Takum 00pa3oM, MATKOE JIETO U
ONaronpusATHHIA BECEHHHH CE30H NMPUBOAT K aKTUBHOMY BEI€TaTHBHOMY POCTY BUJOB BOJIOPOCIIEH M3 OTIENIOB
Chlorophyta nu Charophyta B mectoobuTaHusix 6acceiina peku CBar; KpoMe TOr0, BBISIBIIEHO, YTO COOOIIECTBa
BOJIOPOCJIEH B TaHHOM paifoHe MOT'YT IOJIBEPTaThCs BO3JCHCTBUIO 3arpsisHeHus. Hacrosiniee nccinenoBaHue MOXKET
MOMOYb IpPH Pa3paboTKe CTPATETHH MO COXPAHEHHIO BOMHBIX dKocucTeM B [lakucTaHe, MOCKONBKY HM3Y4EHBI
BBICOKOTOPHBIE Y4acTKH OacceifHa KpymHoil peku CBaT, KOTOpble MOTYT pacCMaTpuUBaThCs Kak (DOHOBEIE.

Kurouenie ciioBa: Chlorophyta, Charophyta, BunoBoe paznoodpasue, ce30HHas H3MeHUHBOCTh, CBat, [lakuctan

INTRODUCTION

The algal diversity research in the rivers of the
southern Hindu Cush region is at its initial stage. In
Pakistan, our knowledge of regional algal diversity is
far from being exhaustive, whereas the algal
communities of some rivers such as the Swat River and
Kabul River up to its inflow to the Indus River have
been studied better [1-8]. It is very important to reveal
the distribution of different algal taxonomic and
ecologic groups in the areas like Upper Indus Basin
because the biodiversity of algal communities there was
formed under natural climatic and anthropogenic
impacts. Algal flora helps in assessment of aquatic
ecosystems, their productivity and water quality [9].
Algal ecology enables proper understanding of aquatic
habitats [10—12].

It is well known that freshwater algae are
communities formed from members of different
taxonomic divisions. Our previous study [1] revealed
differences in sensitivity of algae from Bacillariophyta
and other non-diatom species to climatic and
anthropogenic impacts. While diatom algae usually
make up more than a half of the community in rivers
and streams and, thus, determine the response of the
community as a whole, the Chlorophyta and Charophyta
species are more sensitive to climatically related
fluctuations of the environmental variables.
Chlorophyta and Charophyta algae are different in their
thallus organization that can be used also as a response

of its structure to the environmental stress, because
structure that is more complicated is typical of a more
sustainable community. Species richness of the algae
genera can also be very characteristic. That is,
communities of undisturbed or protected water bodies
are formed in the process of evolution with the
advantage for diversifying individual taxa that are most
adapted to this combination of climatic and
environmental variables.

Seasonality of the algal community in closely related
regions of southern Eurasia is studied in relation to
climatic factors and altitude gradients [1]. Shrestha and
Rai [13] identified 46 species of algae belonging to 34
genera from Rajrani Lake, Nepal. They also recorded
seasonal variations among algal members. Soni and
Thomas [14] reported 38 algal species from three sites
in Gujrat, India. They studied interaction, dominance,
and interdependence among various components of
phytoplankton. Shams et al. [15] studied seasonal
variations among algal members in Zayandeh-Rood
Dam Lake, Isfahan, Iran. They reported 112 species of
algae belonging to 52 genera. Asghar et al. [16] recorded
138 species of Chlorophycean members belonging to
25 families, from 10 different localities of District Swat.
Sarim et al. [17] prepared a checklist of the algae from
Sardaryab, Charsadda. Reshmi [18] identified 52
species of Chlorophyta from wetlands of Satna, Madhya
Pradesh, India. Leghari et al. [19, 20] documented the
algal flora of the Kunhar River, Pakistan, and Ertan
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and Morkoyunlu [21] reported 73 species of the algae
from the Aksu stream, Isparta, Turkey. Thus, prior to
this study, 149 species and infraspecies of the algae
belonging to four taxonomic divisions were identified
in the Swat River itself [1], where they demonstrated a
clear response of the algal community structure to
climatic and altitude gradients with an increasing role
of Charophyta in contrary to chlorophytes species
richness with increasing of altitude.

The aim of the present research was to reveal the
species of Chlorophyta and Charophyta algae, studied
for the first time in high mountain habitats of the Swat
River Basin, and identify its community's response to
the environmental factors gradients.

MATERIALS AND METHODS

Description of the studied sites

The Swat River is a river in Khyber-Pakhtunkhwa,
Pakistan. Its source is in the Hindu Kush Mountains,
from where it flows through the Kalam Valley passing
from Tehsil Matta and Swat District. It then skirts Lower
Dir District and flows through Malakand District to
enter the Kabul River at Charsadda in the Peshawar
valley and then follow to the Indus River. The Upper
Swat consists of two main valleys, Sakhra and Rodingar,
and many small tributaries, the sources of which are
located in the Hindu Cush high mountains [22]. Most
part of the Swat valley falls in a moist temperate zone
characterized by cool winters and mild, pleasant
summers. Water in the Swat River and its tributaries is
used for agricultural needs.

Sampling

The sampling was conducted in the tributaries of
the Swat River in all four seasons during the period of
2007-2016 from five monitoring sites: Saidu Sharif,
Kanju, Khwaza Khela, Madyan, and Kalam (fig. 1).
The samples of algae were collected by scraping and
placed to polythene bags. The algal and water samples,
taken concurrently, were transported to the lab in the
icebox. Water transparency, dissolved oxygen,
temperature, pH, turbidity, total dissolved solids (TDS),
and total suspended solids (TSS) were measured with
the help of portable HANNA meters at the sampling
point. As for ammonia, total alkalinity, nitrates, copper,
iron, and zinc, they were determined in the laboratory
of the Phytoecology of the Department of Botany,
University of Peshawar by using standard techniques.

Analysis of environmental variables

GIS coordinates and altitude of sampling points were
determined with GARMIN equipment. Water

temperature was measured by thermometer; water pH,
turbidity, dissolved oxygen (DO) were measured with
Portable HANNA Instruments selective equipment at
the sampling site. Chemical variables were defined from
the 1-liter water samples in the Laboratory of the
Department of Botany, University of Peshawar, Pakistan
using accepted methods of APHA [23].

Preservation

Each sample was taken in a polythene bag with some
water from the locality, and later each of them was
preserved in 3 % FAA, i.e. formaldehyde solution, acetic
acid and ethyl alcohol [24].

Identification

Algal samples were placed on a glass slide with a
few drops of water and studied under BH-2 microscope.
The objectives used were 10X and 20X with an eyepiece
with ruled ocular. Identification was done according to
the international handbooks [25-29]. The list of the
revealed algae was updated with algaebase.org [30].

Statistical methods

Statistical programs Statistica 12.0 and JASP were
used for calculation of algal species richness and
environmental variables relationships. The network
graphs and Pearson correlation matrix are produced by
JASP based on the R Statistica package [31].

RESULTS AND DISCUSSION

Environmental variables

The averaged values of the environmental variables
are presented in table 1. The lowest water temperatures
(4.3 °C) were recorded in Kalam. Temperature readings
were reported as 5.7 °C in Madyan, followed by Saidu
Sharif (6.7 °C), Khwaza Khela (8.7 °C), and Kanju
(8.8 °C). The lowest pH values (6.9) were found at
Madyan, and the highest pH (7.9) was documented at
Saidu Sharif. Oxygen content was in an acceptable
range at all monitoring sites. Dissolved oxygen
was estimated as 9.6 mg/L at Madyan followed by
9.4 mg/L at Kalam, 9.3 mg/L at Saidu Sharif, 9.1 mg/L
at Kanju, and 8.4 mg/L at Khwaza Khela. Ammonia
nitrogen was found to be 0.02 ppm at both Madyan and
Kalam, while at Saidu Sharif and Khwaza Khela it
equaled 0.05 ppm, and only 0.04 ppm at Kanju. Total
alkalinity was recorded as 121 ppm at Saidu Sharif,
101 ppm at Kanju, 74 ppm at Khwaza Khela, 105 ppm
at Madyan, and 85 ppm at Kalam. Highest level of
nitrates (5.1 ppm) was documented at Kanju followed
by 4.7 ppm at Saidu Sharif, 2.3 ppm at Madyan, and
1.8 ppm at Kalam. Nitrate content was lowest at Khwaza
Khela (1.4 ppm). Copper was below detection range at
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Saidu Sharif and Kalam monitoring sites. The lowest
copper level (0.001 ppm) was revealed at Khwaza
Khela. Water samples from Kalam were found to have
the highest iron level (1.4 ppm) followed by 1.2 and
1.1 ppm at Kanju and Madyan, respectively. The iron
level was below detection range at Khwaza Khela.
Highest value for zinc (3.6 ppm) was detected at Kanju,
followed by Saidu Sharif (2.1 ppm). Zinc levels were
below detection range at both Khwaza Khela and
Kalam. Table 1 demonstrates synchronously changing
variables of copper, ammonia, nitrates, and zinc with
maximal values at site Kanju.

Algal diversity

Altogether, 105 taxa of Charophyta (19) and
Chlorophyta (86) algae were revealed in 200 samples
of algae collected from five sites in the Swat River Basin
during 2007-2016 (table 2). Before analyzing the
structure of the communities, the Willis curve was

constructed (fig. 2), which is a criterion of
representativeness of the identified species richness for
floristic analysis and comparative floristics on algae
[32]. It should be noted that distribution of species
number in genera is close to the trend line; therefore,
this species diversity can be analyzed as a continuum.
So, Chlorophyta and Charophyta algae belong to 68
genera, saturation of which is represented in table 3.
So, Cosmarium (Charophyta) was the leading genus,
having 7 species (6.67 %), followed by Closterium
with 4 species (3.81 %) also from Charophyta, and
Chlamydomonas with 4 species from Chlorophyta.
Oocystis, Coelastrum, Tetraédron, and Ulothrix from
Chlorophyta each had 3 species (2.86 %) while the next
17 genera were represented by 2 species each (1.9 %).
The last 44 genera included 1 species each (0.95 %)
while only four genera belonged to Charophyta. A
checklist of recorded species is presented in table 2.
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Table 1. Averaged environmental variables of five monitoring sites in the Swat River Basin in 2007-2016 with

geographical position and altitude

Tabauma 1. CpeaHue 3HAYCHUSA MapaMETPOB OKPYKAIOMICH Cpelbl Ha IMETH y4acTKax MOHHTOPHHTrAa B OacceiiHe
p. Cat B 20072016 1T. ¢ yka3aHueM reorpaduaeckoro MoJI0KEHUS U BHICOTH HaJl YPOBHEM MOpS

Parameters Units Sa1dquhar1f Kanju Khwaza Khela| Madyan Kalam
[Tapamerpsl En. Caiiny- Kanxy XBa3za Xena ManpsiH Kamam
n3mepenus|  lapud
Coordinate N Grade 34045127 | 34°49°477| 3456297 | 35°08741""| 3593025
Koopaunara c. mi. rpaayc
Coordinate E Grade 7299124 | 712920720°|  72°28°07 | 72°32°16”| 72°36'32"
Koopaunara B. 1. rpaayc
Altitude mas.l 972 1,078 1,153 1352 | 2,061
BeIcoTa HaJl ypoBHEM MOPsI M H.Y.M.
Water surface temperature
TemnepaTypa MoBEpXHOCTH °C 6.7 8.8 8.7 5.7 43
BOJIBI
pH - 7.9 7.8 7.8 6.9 7.2
TDS ppm 81 87 78 52 55
OO01as MUHEpaJIN3alus MI/JT
Turbidity NTU
Myrooms HEM 5 4 2 1.5 1.4
Transparency m 0.61 0.91 0.30 0.61 1.22
IIpo3pauHocTh M
DO ) mg/L 9.3 9.1 8.4 9.6 9.4
PacTBOpeHHBIN KUCIOPOA MU/
Ammonia ppm 0.05 0.04 0.05 0.02 0.02
AMMHMaAK MI/JT
Total alkalinity ppm 121 101 74 105 85
OO01m1as men0YHOCTh MI/JT
Nitrates ppm 47 5.1 1.4 23 1.8
Hurpatst Mr/I
Copper ppin 0 0.07 0.001 0.003 0
Mens MI/n
Iron ppm
Keneso M/ 0.3 1.2 0 1.1 1.4
Zinc ppm 2.1 3.6 0 0.5 0
Munk MI/JT

Variation among algal diversity at different monitoring
sites can be attributed to different physico-chemical
attributes [20]. The head part of the studied diversity that
included more than 50 % of species is shadowed in
table 3. It contains only two Charophyta genera with 11
species (10.1 %) but the rest ones are Chlorophyta algae.

Thallus structure

Eight different types of thallus organisation were
identified among the collected algal species (table 4).
Colonial members were most abundant, represented by
17 genera (34 %). These were followed by unicellular
forms (12 genera, 24 %), unbranched (8 genera, 16 %)
and branched filamentous forms (5 genera, 10 %).

Irregular thalli were found in 4 genera (8 %) and two
genera had pseudo-filamentous thalli (4 %).
Hydrodictyon reticulatum and Coleochaete orbicularis
were the only species with mesh-like and heterotrichous
thalli, respectively. Distribution according to the type
of thallus structure allowed to assume that the revealed
algae represent mostly lowly organized structure and,
thus, developed in an unstable environment. Prevalence
of colonial and unicellular forms here is similar to the
results reported by Haroon et al. [33] where it is
mentioned that domestic waste in this region contains
numerous toxic substances, which gives evidence of
the algal species richness.
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8 1 2 3
7 Crucigenia 2 1.90
6 e Species + & o & Power (Species) Eremosphaera 2 1 90
" S Geminella 2 1.90
§ 4 Gloeocystis 2 1.90
& 3 Goniochloris 2 1.90
2 e —ores Monoraphidium 2 1.90
1 eeeveeeee” Scenedesmus 2 1.90
0 Schizochlamys 2 1.90
1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 Tetradesmus 2 190
Genera Tetraspora 2 1.90
Fig. 2. Distribution of algal species over genera Trochiscia 2 1.90
(Willis curve) in the Swat River Basin in 2007— Vo]vox 2 1.90
Puc. 2. Pacnpenenenue BUAOB Bonopocien mo Spirogyra 2 1.90
ponam (kpuBas Bunuca) B 6accetine p. Crat B Staurastrum 2 1.90
2007-2016 rr. Actinastrum 1 0.95
Arnoldiella 1 0.95
Seasonal variations Asterococcus I 0.95
L. L Bulbochaete 1 0.95
Seasonal variations of species richness are presented Chactonh : 1 0.95

. ; : . phoropsis .

in table 5 and fig. 3. Highest species richness was Characium 1 0.95
observed during summer and spring seasons. At the  “y/0rella 1 0.95
lower site Saidu Sharif, 60 algal species were collected  Chl0rococcum 1 0.95
during summer followed by 40 species both in spring  Chloroidium 1 0.95
and autumn, whereas only 36 species were sampled  Chlorotetraedron 1 0.95
during the winter season. At Kanju site, 70 algal species  Cladophora 1 0.95
were documented in the summer season followed by  Coleochaete 1 0.95
Crucigeniella 1 0.95
Table 3. Species saturation of genera of the Swat River Cylindrocapsa 1 0.95
valley algal communities with percentage of Dactylococcus 1 0.95
presenting. Charophyta genera are marked bold. Desmodesmus 1 0.95
50 % of species are shadowed Dictyosphaerium 1 0.95
Tab6auna 3. Buosas HACKIIEHHOCTH POIOB B BOJIO- Eudorina 1 0.95
POCIIEBBIX COOOIIeCTBAX JOMUHBI p. CBaT ¢ MPOICHT- Fusola viridis 1 0.95
HOW jgoned mpeactaBieHHOCTH. Pogel Charophyta Gloeotaenium 1 0.95
BBIACJICHBI JKUPHBIM H_IpI/Iq)TOM. CepLIM IIOICBCUYCHbI GlO@Otila 1 095
BUJIBI, COCTaBJIsroNHE B cyMMe S0 % ot 001ero yncia Gonium 1 0.95
Percent of total ~ Hydrodictyon 1 0.95
. species, % Kirchneriella 1 0.95
Genera Species Jlons ot Lemmermannia 1 0.95
Poner Buner o0m1ero yucia Mucidosphaerium 1 0.95
BHIOB, % Nephrocytium 1 0.95
1 2 3 Oedogonium 1 0.95
Cosmarium 7 6.67 Oonephris 1 0.95
Chlamydomonas 4 3.81 Palmella 1 0.95
Closterium 4 3.81 Palmodictyon 1 0.95
Coelastrum 3 2.86 Pandorina 1 0.95
QOocystis 3 2.86 Pithophora 1 0.95
Tetraédron 3 2.86 Pleodorina 1 0.95
Ulothrix 3 2.86 Pseudopediastrum 1 0.95
Pediastrum 2 1.90 Pseudosphaerocystis 1 0.95
Ankistrodesmus 2 1.90 Sphaeroplea 1 0.95
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Table 3 (finished)
Tabaumna 3 (okoHYAHUE)
1 2 3

Stauridium tetras 1 0.95
Tetraédriella 1 0.95
Westella 1 0.95
Chaetosphaeridium 1 0.95
Elakatothrix 1 0.95
Mougeotia 1 0.95
Zygnema 1 0.95

49 species in autumn, 40 species in spring and 29 in
winter. At Khwaza Khela site, 58 species were recorded
in the summer season, 34 in spring, 31 in autumn, and
only 12 species in the winter season. At Madyan
monitoring site, 52 species were identified in summer,
27 in autumn, 24 in spring and 16 in the winter season.
At the uppermost site Kalam, where temperatures fall
below freezing point during winters, the highest number
of species appeared in summer (40), followed by 13 in
spring and 3 in autumn. This distribution demonstrated
that the summer season is more favorable for algal
community growth. Highest species richness was
recorded during the summer season, which is in line
with findings of Barinova et al. [1] for the Swat River
itself, as well as Solak et al. [34] and Shams et al. [15].

The trend line for this distribution shows (fig. 3) the
decrease in total species richness as well as Chlorophyta
and Charophyta species number with the altitude of a
site. It can be explained by the fact that altitude is a
strong regulating factor for algal community growth in
the Swat River Basin.

As the next step of the analysis, Pearson correlation
coefficient for environmental variables and algae
species richness was calculated. The calculation results

70 80
©
E-GO 70m
S 50 wo 2
5 40 50 5
= |\ 40 =
“ 30 ) 2
g 30 2
10 - s Jl i 10
o .\
g ey AL
S B PEEEPEEEPEEEPEEEREE

C R E3EEEZSEEEZESEEEZEEREG

ZBAEZESEZESEEE S EEECES

Saidu Sharif Kanju Khwaza Khela  Madyan Kalam

=== Chlorophyta
------ Linear (Charophyta)

= Charophyta
Species richness

Linear (Chlorophyta) Linear (Species richness)

Fig. 3. Seasonal variations of species richness of algal
communities in the Swat River valley with trend lines
(dotted)

Puc. 3. Ce3oHHBIE U3MEHEHUS BULOBOI0 OOrarcrsa B
BOJIOPOCIIEBBIX CcOOOIMecTBaXx NONUHBI p. CBar.
[TyHKTHpHBIC JIMHUN — JIMHUU TPEHAA

Table 4. Number of genera and their distribution by types of thallus organization with percentage of total species

richness of algal communities in the Swat River Basin

Tadoauua 4. Yucno POIOB M UX pacHpeACICHUEC 110 TUIIaM OpraHu3alluv TalljioMa C HpOHeHTHOﬁ JIoJieit OT 00IIero
BHJIOBOrO OOraTcTaa BOIOPOCIICBBIX c00011eCTB B Oacceine p. Capar

Order Type of organization of thallus No of genera Percent of species, %
ITopsiikoBOE MECTO Tun opranusaiyy TayIoMa Yuciio poaos ITporieHT BUIOB, %

I Colonial 17 34.00
KomounaneHbii

5 Unicellular } 12 24.00
OIHOKIETOYHBIH

3 Unbranched ﬁlamf:ntous } 2 16.00
HepasBeTBieHHBIN HUTYATHIN

4 Branched ﬁlamventous § 5 10.00
Pa3BeTBIECHHBINA HUTYATHIN

5 Irregular } 4 3.00
HenpaBunbHblit

6 Pseudoﬁlamentogs 5 400
IlceBnoHuTUYATHIN
Heterotrichous

7 I'erepoTpuxaibHbIif 1 2.00
(pa3sHOHMTUATHIIA)

8 Mesh-like 1 2.00
CeTyaThlit
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Table 5. Seasonal variations of species richness in
the Swat River valley algal communities

Ta6auna 5. Ce30HHBIE U3MEHEHHS BUI0BOIO Oorarc-
TBa B BOJIOPOCIIEBBIX COO0IIECTBaX MOIMHBI p. CBaT

Site Season Total
Vyacrokx| Ceson Charophyta) Chlorophyta Bceero
Winter 7 29 36
3uma
Saidu | Spring
Sharif | Becna 7 34 40
Caiiny- | Summer
lapud| Jleto 10 >0 60
Autumn 7 33 40
Ocenbp
Winter 3 1 29
3uma
Spring
Kanju | Becna 6 33 39
Kamxy | Summer 12 53 70
Jleto
Autumni 39 49
Ocenp
Winter 4 3 12
3uma
Khwaza| Spring
Khela | Becna 8 26 34
XBa3a | Summer
Xena Jleto 12 46 >8
Autumn 5 26 31
Ocennp
Winter 4 12 16
3uma
Spring
Madyan| Bechna 4 20 24
Manapsa| Summer 11 41 5>
Jleto
Autumn 7 20 27
Ocenp
Winter 0 0 0
3uma
Spring
Kalam | Becna 3 10 13
Kanam | Summer] 10 30 40
Jleto
Autumn
Ocennp 2 1 3

show (table 6) strong positive correlation between
ammonia and water pH, ammonia and TDS, turbidity
and nitrates, and nitrates and zinc. All of these factors
are related to anthropogenic pollution. Total species
richness has a positive correlation with temperature and
negative one with the site altitude. Chlorophyta species

number was defined out of total species richness and
stimulated by TDS of water. So, algal species richness
is an indicator of aquatic pollution in the studied
waterbodies of this region [6, 7].

An attempt was made to reveal the correlation of
individual species richness in-season community with
the help of a new approach at JASP statistical program.
Fig. 4 presents results for the site grouping in which
two community cores can be seen. Safe site relation,
the first core combines communities from Saudi Sharif
and Kanju sites that are close to each other and have
similar climatic conditions. The second core combines
communities from three other sites placed in the upper
altitude.

o Khwaza Khela
e Kalam

e Kanju

© Madyan

@ Saidu Sharif

Fig. 4. Correlation plot of species richness of algal
communities in the Swat River valley on the level of
40 % similarity. Legend: studied sites, 1 — first
correlation core, 2 — second correlation core

Puc. 4. KoppensuuonHslii rpad BumoBoro borarcraa
BOJIOPOCJIEBBIX c000IIeCTB nonuHbl p. CBaT Ha
ypoBHe 40 % cxoncTBa. YCIOBHBIC 0003HAYCHUS:
HCCIIeOBaHHBIE YYacTKH, | — mepBoe Koppeis-
LIHOHHOE A1p0, 2 — BTOPOE KOPPENIALUOHHOE A]IPO

Correlation of seasonal communities in fig. 4 shows
no relation with the season. However, communities in
the first core represent full diversity from two lower
sites (Saidu Sharif and Kanju) only. All the other
seasonal communities are combined in core 2.
Distribution in fig. 4 and 5 demonstrates that altitude
of the monitoring site is a regulating factor of algal
diversity development.

In order to develop a statistical approach for algal
and environmental variables relationships, 3D surface
plots of species richness in algal communities'
relationships and major environmental variables were

BO/I[HBIE BUOPECYPChI U CPE/IA OBUTAHUA TOM 2, HOMEP 3, 2019



ASGHAR ALI, LAL BADSHAH, SOPHIA BARINOVA

54

gdomn woHgodA

- - I €0-1C90|CE0-| 850 ¥ 0- 8L°0- |€€O0|T1L0| 1L0- €L 0- €90 6L 0" I'eH eLod1yg
opmny
- - - I |FT01€80] 960 650 LEO 010|910 80 IL0 €¢0 €0 oury
. . A R e (RNE
- - - - I 1L£0] 800 LOO €8°0- [0L0[980]| 0¢0- 0¢0- €9°07 €c0- uolg
. . . e . AN
- - - - - I 99°0 1o o 1900-| 8C0 0r 0 9¢0 €e0 LSO 10ddon
. N . o riediny
- - - - - - I 9L 0 6€0 €CO| <10 16°0 990 €¢0 9¢0 sojenIN
can | en o L - ﬁoomrom&d
- - - - - - - I 600 €901 <00 0L 0 910 800 1o Sumeyry
. . ) - MEUININ Y
- - - - - - - - I IL0-190-| 690 68°0 rve'o LLO erowury
Fodowromy uiaH
- - - - - - - - - I 90| CO0 8¢0- 790~ YL O- -HodogaLoeq
oda
- - - - - - - - - - I 010" 0€0- e 9¢0- oA
_ _ _ _ L L - QLIOHLAJA
- - - - - - - I 080 9L0 Y0 Anprqang,
371
. L meenrredoHnIN
- - - - - - - - - - - - I 96°0 €80 KEmOQ)
Sd.lL
- - - - - - - - - - - - - I L0 Hd
| | | | | | | | | | | | | edAredommoy,
I armeraduwa,
91 €l Vi crpa | 11 0T 6 8 L 9 ¢ v € 4 I
dorr Jig r wan ed OOHROI! J OOHLA KHIeE D Ao edAredonimoa] | enHowado
ory mo am‘ogaw vioomgl | uy | g | mo ﬁ? L] | TLOOHAC oY | MeHWwy Mm ECBU ILOOHLAN - g [*4 I 1
QULIONY)) | sa102dg JO ON Sy 7 soemIN | AnureyTy | eruwowury | O(] |T009S| ArprqIny, ADH amjerodwo T, J[qeIIR A

G0°‘0> d ndu HWIIWHREHE IMOORULIOULIRLO KOLOIBIaE ‘WoL(udm wiaHdmx o19HHOIAr9d ‘unnsrraddoy weq) “d 1gHuUIOY
XBM10BRA XITHHREOIAIOOU BH 1970d0d nomoiexAdo godroweden xiaHHOWOdON U (407ME BIrOUR) XITHHOWAAOI XUMOORMWOHOONEL eInd1eW KeHHOMTELIOddoY] *9 enuIrge],

S0'0>de

JuBOIIUSIS 918 P[Oq Ul SUONB[O1I0)) AS[[BA JOATY YeMS O3 JO SIS PIIPIIS AU} UI (SSOUYOLI Sa10ads) S9[qeLIBA OTUIOUOXE) PUE [BJUSWUOIIAUD JO XLIJBW SUONB[O1I0)) *9 J[qRL

BO/[HBIE BUOPECYPChI U CPE/IA OBUTAHUA TOM 2, HOMEP 3, 2019



55

DIVERSITY AND SEASONAL DYNAMICS OF CHLOROPHYTA REICHENBACH, 1828...

6L°0

690~

€S0

I1o-

IL°0

€00

0

ro-

¥T0

€0

LTO

180

soads

Jo 1oqunu
‘eiAydorey)
g0rud OI'OMh

‘eiAydorey)

00°1

€6°0-

6L°0

I°0-

L0

9t 0-

9L0

880

8870

soads
Jo Joquinu
‘eiydorory)

d0rud OIrdUh

‘eiydorory)

60"

8L0

€90

0L0

IL°0

9t 0-

L0

980

0L0

68°0

90rUd OL'OU|,
soroads Jo ON

91

3!

14!

!

0T

(ap}

|

(SMHERHOMO) 9 BIIHIQR ],
(Paystuyy) 9 d1qEL

BO/I[HBIE BUOPECYPChI U CPE/IA OBUTAHUA TOM 2, HOMEP 3, 2019



56 ASGHAR ALI, LAL BADSHAH, SOPHIA BARINOVA

constructed. Fig. 6 shows that the site altitude is a more
pronounced regulating factor of species richness than
dissolved oxygen (a), but water temperature stimulated
species richness, whereas altitude suppressed it (b).
Calculations for all other factors showed no significant

o Autumn dependencies.
- Sumner
o et CONCLUSION
The results of this research show that altogether 105
taxa of algae from Charophyta and Chlorophyta
taxonomic divisions were identified in 200 samples of
algae collected from five sites in the Swat River Basin
during 2007-2016. Chlorophyta species number has
Fig. 5. Correlation plot of seasonal variations of strongly prevailed with 86 taxa as compared to
species richness of algal communities in the Swat Charophyta (19 taxa). For the first time, this diversity
River valley on the level of 40 % similarity. Legend: has been revealed for the streams of high mountain
seasons; 1 — first correlation core; 2 — second habitats of the Swat River Basin that is the upper part

correlation core of the Indus River. The altitude of the studied sites

varied from 972 to 2,061 m a.s.l. Water temperature,
pH, TDS, ammonia, nitrate concentration, and zinc
decreased with increasing of altitude, whereas water

Puc. 5. KoppensuponHslii rpad BumoBoro borarcraa
BOJIOPOCIIEBBIX COOOIECTB AOIHHBI p. CBaT Ha YpOB-
ue 40 % cxoncrBa. Yca0oBHBIE 0003HAYEHHUS: CE30HBI,
1 — mepBoe KOppessIHOHHOE sJIpo, 2 — BTOpPOE

KOPPEALIHOHHOE SPO turbidity, water transparency, and iron increased. The
3D Surface Plot of No of Species against Altitude and DO 3D Surface Plot of No of Species against Altitude and Temperature
Spreadsheet1 17v*10c Spreadsheet1 17v*10c

No of Species = 105.2916-0.0223*x-1.3532*y No of Species = 66.4603-0.0145"x+2.3638"y
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Fig. 6. 3D surface plots of the relation of species richness of algal communities in the Swat River valley to site altitude
and dissolved oxygen (a), and to water temperature (b)

Puc. 6. O0beMHbBIC MOBEPXHOCTHBIC AHATPAMMBI 3aBHCHMOCTH BHIOBOTO 6OraTCTBa BOJOPOCIEBBIX COODIIECTB
JonuHBI p. CBAT OT BBICOTHI yUacTKa Hajl ypOBHEM MOPS U COEPKaHHUS PACTBOPEHHOI0 KUCIopora (a) U oT TeMIepa-
TypbI Bogsl (b)

BOJ/[HBIE BUOPECYPChI U CPEJ[A OBUTAHUA TOM 2, HOMEP 3, 2019



DIVERSITY AND SEASONAL DYNAMICS OF CHLOROPHYTA REICHENBACH, 1828... 57

head part of the studied algal diversity, which contains
over 50 % of species, is represented by 19 genera, out
of which only two genera belonged to Charophyta (11
species, or 10.4 %) but all other ones were affiliated to
Chlorophyta algae. Distribution of the types of thallus
structure allowed for the assumption that most of the
revealed algal communities have a lowly organized
structure and, therefore, developed in an unstable
environment. The decrease of total species richness as
well as Chlorophyta and Charophyta species number
with an increase of the site altitude were revealed in
the seasonal dynamics of the studied species richness.
It allowed to conclude that altitude can be a strong
regulating factor for algal community growth in the
Swat River Basin. Statistical analysis of relationships
of algal species richness and environmental variables
also suggests that altitude of the monitoring site is a
regulating factor of algal diversity development, as well
as that water temperature stimulated species richness,
whereas altitude suppressed it. Low water temperatures
are unfavorable for the growth of algae in general and
Chlorophyta algae in particular. Therefore, mild summer
and pleasant spring seasons result in prolific vegetative
growth of Chlorophyta and Charophyta species of algae
in the Swat River Basin habitats, but algal species here
can be affected by the pollution impact because they
are represented by lowly organized thallus structure.
The study can help in framing strategies for
conservation of the aquatic ecosystems of the upper
Swat River Basin in Pakistan.
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