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OLIIHKA BOJTOPOCTEBUX YIPYIIOBAHbD ¥
HVDKHBbOMY KAHAJIL P. CBAT TA JIOTO IIPUTOKAX
B PAVIOHI YAPCAIITIA, TIAKMCTAH

s oyinku 6000pocmesux yepynosams HuxHv020 kauany p. Ceam ma 11020 npumox
00CTLiONEHHS NPOBOOUNU HA PIBHUX CIAHUISX, W40 BIOPI3HANUCD 3 CTyneHemM 3a6pyOHeHHS.
OoHouacHo susHauanu @izuxo-ximiuni napamempu 8oou. O6cmenceHHs NPosoOUNU Ha-
secHi (3 bepe3rss no mpasenv) 2021 p. 3azanom 3uaiidero 81 6ud sodopocmeti, w0 Hase-
scamv 00 40 podis. Bacillariophyta, npedcmasneni 52 6udamu ma 26 podamu, nepesaicani.
Ixns wacmka y makconomiunomy 6azamcemai odopocmeil cmarosuna 64,2 %. Chlorophyta
Hapaxosysanu 22 eudu ma 10 podie (27,2 %), a Cyanophyta — 7 eudie ma 4 poou (8,6 %).
Bnnus wunHUKi6 HABKONUUHGO20 CePe00BULA HA CIPYKIMYDPY yepynosaxv 6000pocmieti
BUBHAYUANU 3 BUKOPUCTNAHHAM KAHOHIUH020 ananisy éionosionocmi (CCA). Bcmanosneno,
wo memnepamypad, enekmponposionicmo, conoHicmo, emicm miodi ma Hampiio, 3aeanvHa
minepanizayis, pH, meepdicmv 800U ma iHui YUHHUKU CYMIMEBO BNAUBAIOMb HA POPMY-
sanHs 6000pocmesux yepynosamv. Ha cmanuyii, posmauiosaniii Husue 3a meuieio, 6000po-
cmeei yepynosanHs XapaKmepusysanucs Oinouium pisHOMaHImmam, wyo ceiouums npo eu-
coky 30ammicmy exocucmemu p. Céam 00 camoouunerHs. 3adikcosani gisuko-ximiuni na-
pamempu noKA3ANU, U0 PiseHb 0i02eHHUX PeUOBUH Y KAHATI CHPUSIE PO3BUMKY 8000pOCte-
BUX y2pynosamo.

Kntouosi cnosa: sodopocmi, pisnomanimmsi, ¢isuxo-ximiuni napamempu 600u, Ka-
Honiunuti ananis sionosionocmi (CCA), nuxcniti kanan p. Ceam.

Introduction

Algae are considered as biological indicators of aquatic ecosystem state.
An assessment of aquatic ecosystems can be done using algae, because they are
rather sensitive to huge numbers of contaminants, which maybe the cause for

Ourtysann a Paxap 1., Xyccain @., Xypam 1. Oninka BogopocTeBUX yrpynoBaHb y
HIDKHBOMY KaHaji p. CBat Ta jtoro npurokax B paiioni Yapcanpna, Ilakucran. I'idpo6ios.
weypr. 2024, T. 60, Ne 6. C. 22—32.
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ecosystem diminishing. Both unicellular and multicellular algal species are
very sensitive to even insignificant deviations in the physiochemical characte-
ristics of the water resulting in prominent changes in the entire aquatic ecosys-
tem food web [15]. Algae play a key role in food chain as primary producers
[22]. They use different ways to utilize and fix carbon dioxide and transform it
into valuable biomass [17].

The metabolism and diversity of microorganisms are affected by active to-
xic heavy metals; consequently, these organisms can adapt resistance to metal
ions stress by converting their active form into an inactive stage. Several micro-
algae and bacteria are capable of absorbing the inorganic compounds contai-
ning heavy metals due to their affinity [23].

In polluted and unpolluted waters, algae inhabit different substrates. Beca-
use of this feature they are considered as a very useful tool in water quality de-
termination. During the nineteenth century this thought that algal communiti-
es are the best mean of biomonitoring and bioindication had been accepted and
acknowledged. Thus, a system of compatibility of algae with aquatic environ-
ment pollution was developed [4] and considered for different water bodies
such as streams and rivers [3].

The objective of the present work was to compare algal communities oc-
curring at various sites of the lower Swat canal and its tributaries differing in
the degree of contamination.

Material and Methods

Description of study area. The Charsadda district is a part of the Khyber
Pakhtunkhwa province of Pakistan. The district position is between 34°03' to
34°38'N and 71 28' to 71°53' E with the total area of 996 km* and the altitude of
282 m above sea level [14].

Tehsil Tangi is a part of the Charsadda district covering an area of 347 km?
with GPS coordinates of 34°8'43" N and 71°43'51" E and mean elevation of
358 m above sea level [12].

Sampling and laboratory processing. On the whole 60 algal samples were
collected during the spring season of 2021 from the two different sites of the
Lower Swat canal and its tributaries in the Charsadda district. Algal samples
were collected mostly from different places like river banks, shallow water beds,
moist soil and stones near river banks, partially or fully submerged hydrophy-
tes, running and stagnant waters, etc. by the following methods [1, 10, 11, 13].

Forceps were used for the collection of filamentous algae. Slides and knifes
were used for Cyanophyta or blue green algae collection. Toothbrushes were
used to brush the stones containing diatoms, which were then collected into
utensil by pouring the water over the stone; pipettes were used for desmid flora
collection. Epilithic flora was scratched from rocks using toothbrushes and
knifes [1].

The samples were preserved in 4 % formalin solution in bottles [5, 10, 13].
The taxonomic assessment of algal specimens was carried out in the Qurtuba
University of Science and Information Technology, Peshawar campus. For
identification, the glass slides mounted with the specimens were examined un-
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der a compound microscope and identified following [6—10, 16, 19, 20]. The
species composition of algal communities found at different sites was compa-
red using the Sorensen coefficient of community similarity [18].
Temperature, pH, electrical conductivity, total dissolved solids, salinity,
and dissolved oxygen were measured at the sampling sites using a Multipara-
meter water quality meter (HANNA HI 98194). For more detail physiochemi-
cal properties of the water, samples were analyzed by the standard method for
the examination of fresh water and wastewater [2] in the Environmental labo-
ratory, Jail road, GHSS Mohabbat abad, Mardan, KP, Pakistan (Table 1).

Results and Discussion

In the current study, algal samples were collected at site 1 (Shakh N 1-2)
and site 2 (Shakh N 5-6) of the lower Swat canal and its tributaries in the Char-
sadda district. A total of 81 algal species belonging to 40 genera were identified,
in which Bacillariophyta (64.2 %) with 52 species and 26 genera were the domi-
nant group. They were followed by Chlorophyta (27.2 %) with 22 species and
10 genera and Cyanophyta (8.6 %) with 7 species and 4 genera.

The leading families represented by the largest number of species were Na-
viculaceae (13 species), Bacillariaceae (7 species), Zygnemataceae (6 species),
Cymbellaceae (5 species), Gomphonemataceae, Oedogoniceae, Fragilariaceae,
Oscillatoriaceae, and Scenedesmaceae (4 species in each family), Closteriaceae,
Surirellaceae, Merismopediaceae, and Pinnulariaceae (3 species in each fami-
ly), and Amphipleuraceae, Rhopalodiaceae and Cladophoraceae (2 species in
each family). Other families included only one species (Figure 1).

The genera with the largest number of species were Nitzschia Hassall and
Navicula Bory (7 species in each genus), Spirogyra Link (6 species), Cymbella
C. Agardh (5 species), and Oedogonium Link ex Hirn, Gomphonema Ehren-
berg, and Gyrosigma Hassall (4 species in each genus). They were followed by
Closterium Nitzsch ex Ralfs, Scenedesmus Turpin, and Merismopedia Meyen
(3 species), Frustulia Rabenhorst, Fragilaria Lyngbye, Pinnularia Ehrenberg,
Surirella Turpin, and Oscillatoria Vaucher ex Gomont (with 2 species in each
genus). Other genera were represented only by one species (Table 2).

The studied sites differed in the number of algal species. On the whole,
41 species were identified at site 1, whereas 65 species — at site 2.

The species composition of algae also differed, which is supported by low
values of the Sorensen coefficient of community similarity (47.2 %) registered
in comparing the studied sites. The species composition of Chlorophyta
(42.8 %) and Bacillariophyta (47.0 %) differed most significantly. In this case,
the species composition of Cyanophyta was rather similar (60.0 %).

The studied sites differed in the taxonomic structure of the algal flora. At
site 1, the genera with the largest number of species were Navicula (7 species),
Nitzschia, and Cymbella (4 species in each genus), Merismopedia and Spirogyra
(3 species), and Gomphonema, Gyrosigma, Pinnularia, Frustulia (2 species in
each genus). At site 2, the leading genera were Nitzschia (7 species), Spirogyra
(6 species), Oedogonium, Navicula (4 species in each genus), Cymbella, Gomp-
honema, Gyrosigma, Scenedesmus, Merismopedia, Closterium (3 species in
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Table 1
Physiochemical parameters of the water in the Lower Swat Canal and its tributaries
NDWQS
Method . . . Method Standard
Parameters number Units Site 1 Site 2 used 2017 (Drin-
king limits)
Tempera- °C 28 29 Hanna digi-
ture tal meter
pH 4500H+B — 7.98 7.71 |Hanna digi- |6.5—38.5
tal meter
EC 2510.B uS/cm 306 1031 |Hannadigi- |[NGVS
tal meter
TDS 2540.C mg/L 150 566 Hanna digi- | 1000 mg/L
tal meter
Resistivity [ -cm] 3546 4000 |Hanna digi-
tal meter
Salinity [PSU] 0.13 0.11 |Hanna digi-
tal meter
Total hard- | 2340.C mg/L 75 140 Titration <500 mg/L
ness as based met-
CaCO:s hod
Calcium as [3500-Ca.B mg/L 34.4 75.3  |Multipara- |250
CaCO:s meter pho-
tometer
Magnesi- | 3500-Ca.B mg/L 23.2 73.2  |Multipara- |250
um as meter pho-
CaCOs3 tometer
Color 2120B/C — Colorless 0.0 Multipara- | <15 TCU
2120.B meter pho-
tometer
Odor 2150B/C — Objectio- | Objectio- | Sensory eva- | Odorless
2150.B nable nable |luation
Taste 2160A/C — Tasteless | Objectio- | Sensory eva- | Tasteless
2160.A nable |luation
Total alka- |2320.B mg/L 139 478 | Multipara- | <500
linity as meter pho-
CaCO:s tometer
Sodium 3500-Na mg/L 45 97 Sodium me- | 200 mg/L
ter
Sulfate 4500-S02.B mg/L 10 88 Multipara- 250 mg/L
meter pho-
tometer
Chlorides |4500-Cl.B mg/L 30 67 Kit based 250 mg/L
method
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Table 1 (continued)

NDWQS
Method . . . Method Standard
Parameters number Units Site 1 Site 2 used 2017 (Drin-
king limits)
Nitrates 4500-No2.b | mg/L 0.4 23.2  |Multipara- |50 mg/L
meter pho-
tometer
Copper 3111 Cu. B mg/L 1.74 191 |Multipara- |2mg/L
meter pho-
tometer
Turbidity |2130.B mg/L 1.04 0.97 |2100P 1000 mg/L
HACH

each), and Oscillatoria, Fragilaria, Surirella (2 species in each) (Table 2). The
predominance of the genus Nitzschia at site 2 more contaminated compared to
site 1 can be conditioned by its ecological characteristics. In particular, it has
been known [21] that many taxa of the genus Nitzschia have an affinity for
brackish and/or organically polluted waters which are rich in nutrients and
poor in oxygen.

It is likely that the increase in the number of algal species, and also changes
in algal species composition and taxonomic structure, registered at site 2 were
conditioned by changes in the physiochemical parameters of the water, prima-
rily in the content of nutrients, due to anthropogenic and agricultural runoff
into the river (Table 1).

The CCA analysis showed that copper had a positive effect on Bacillario-
phyta species and negative effect on Chlorophyta species. Salinity, turbidity,
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Figure 1. Number of algal species in the families identified
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List of algal species found at different sites of the Lower Swat Canal and its trinf:ffei
Species Site 1 | Site 2
Cyanophyta
Merismopedia elegans A. Braun ex Kiitzing + +
Merismopedia glauca (Ehrenberg) Kiitzing + +
Merismopedia tenuissima Lemmermann + +
Oscillatoria princeps Vaucher ex Gomont — +
Oscillatoria tenuis C. Agardh ex Gomont — +
Phormidium nigrum (Vaucher ex Gomont) Anagnostidis & Komarek — +
Spirulina subsalsa Oersted ex Gomont — +
Bacillariophyta
Achnanthes inflata (Kiitzing ) Grunow — +
Amphora copulata (Kiitzing) Schoeman & R.E.M. Archibald — +
Caloneis bacillum (Grunow) Cleve +
Cocconeis placentula Ehrenberg + +
Craticula accomoda (Hustedt) D.G. Mann — +
Cyclotella meneghiniana Kiitzing — +
Cymatopleura solea (Brebisson) W. Smith — +
Cymbella affinis Kiitzing + +
Cymbella aspera (Ehrenberg) Cleve — +
Cymbella kappii (Cholnoky) Cholnoky + —
Cymbella tumida (Brebisson ) van Heurck + +
Cymbella turgidula Grunow + —
Diatoma vulgaris Bory — +
Diploneis elliptica (Kiitzing) Cleve — +
Epithemia adnata (Kiitzing) Brebisson +
Eunotia minor (Kiitzing) Grunow + +
Fragilaria acus (Kitzing) Lange-Bertalot — +
Fragilaria sp. — +
Frustulia saxonica Rabenhorst + +
Frustulia vulgaris (Thwaites) De Toni +
Gomphonema affine Kiitzing — +
Gomphonema geminatum (Lyngbye) C. Agardh + —
Gomphonema laticollum E. Reichardt — +
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Table 2 (continued)

Species Site 1 | Site 2

Gomphonema minutum (C. Agardh) C. Agardh + +
Gyrosigma acuminatum (Kiitzing) Rabenhorst — +
Gyrosigma attenuatum (Kiitzing) Rabenhorst + —
Gyrosigma scalproides (Rabenhorst) Cleve — +
Gyrosigma rautenbachiae Cholnoky + +
Melosira varians C. Agardh + +
Navicula capitatoradiata H. Germain ex Gasse + —
Navicula cryptocephala Kiitzing + +
Navicula gregaria Donkin + +
Navicula rhynchocephala Kiitzing + —
Navicula riediana Lange-Bertalot & Rumrich + +
Navicula rostellata Kiitzing + +
Navicula tripunctata (O.F. Muller) Bory + —
Nitzschia clausii Hantzsch — +
Nitzschia dissipata (Kiitzing) Rabenhorst + +
Nitzschia draveillensis Coste & Ricard + +
Nitzschia gracilis Hantzsch — +
Nitzschia hantzschiana Rabenhorst + +
Nitzschia recta Hantzsch ex Rabenhorst + +
Nitzschia sinuata (Thwaites ex W. Smith) Grunow — +
Pinnularia viridiformis Krammer + —
Pinnularia viridis (Nitzsch) Ehrenberg + —
Pleurosigma salinarum (Grunow) Grunow + —
Rhoicosphenia abbreviata (C. Agardh) Lange-Bertalot — +
Rhopalodia gibba (Ehrenberg) O. Muller — +
Staurosira elliptica (Schumann) D.M.Williams & Round — +
Surirella didyma Kiitzing — +
Surirella patella Kiitzing — +
Ulnaria ulna (Nitzsch) Compere — +
Chlorophyta

Cladophora glomerata (Linnaeus) Kiitzing + —
Closterium acerosum Ehrenberg ex Ralfs — +
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Table 2 (continued)

Species Site 1 | Site 2
Closterium karnakense Koesel — +
Closterium moniliferum Ehrenberg ex Ralfs — +
Cosmarium cataractarum (Raciborski) Eichler + —
Hydrodictyon reticulatum (Linnaeus) Bory + —
Oedogonium capillare Kiitzing ex Hirn — +
Oedogonium pringsheimii C.E. Cramer ex Hirn + +
Oedogonium subsetaceum Kiitzing — +
Oedogonium vaucheri A. Braun ex Hirn — +
Rhizoclonium tortuosum (Dillwyn) Kiitzing + +
Scenedesmus armatus (Turpin) Brebisson — +
Scenedesmus dimorphus (Turpin) Kiitzing — +
Scenedesmus quadricauda (Turpin) Brebisson + +
Spirogyra communis (Hassall) Kiitzing + +
Spirogyra crassa (Kiitzing) Kiitzing + +
Spirogyra pratensis Transeau — +
Spirogyra rivularis (Hassall) Rabenhorst + +
Spirogyra scrobiculata (Stockmayer) Czurda — +
Spirogyra tenuissima (Hassall) Kiitzing — +
Tetradesmus obliquus (Turpin) M.]. Wynne — +
Ulothrix zonata (F. Weber & Mohr) Kiitzing — +
On the whole 81 41 65

chloride, nitrate, sulphate, calcium as CaCOs, total alkalinity as CaCOs and
magnesium as CaCO; had a positive effect on Chlorophyta species and a nega-
tive effect on Bacillariophyta species. Temperature, pH, total dissolved solids,
sodium and total hardness as CaCO; had a positive effect on Cyanophyta speci-
es. Resistivity and electrical conductivity had a negative effect on Cyanophyta
species (Figure 2).
Conclusion

On the whole, 81 algal species were found during the period of investigati-
ons of the lower Swat canal and its tributaries. Bacillariophyta were highly di-
verse in their species composition (52 species) followed by Chlorophyta (22),
and Cyanophyta (7).
ISSN 0375-8990. I'igpobionoriunmii xypHai. 2024. 60(6) 29



Daxao 11, Xyccain D., Xypam L.

0.4

@
<
]
=
[¢]
=

Resistivity

A
oridae Chlorophyta
Salinity

Tgmperatiire TDS | \Sulfate Nitrates
Cyanophyta Total hardness as CaCO,

aglesium as CaCO
tal alcalinity as Ca(f’O3
Calcium as CaCO,

-1.2

-1.0 1.0

Figure 2. CCA analysis of the influence of environmental factors on the algal communities

The study of the lower Swat canal and its tributaries revealed the fact that
water physiochemical parameters have a great effect on the distribution and ty-
pes of algal communities in the riverine system. The studied sites located
upstream and downstream differed in the level of water contamination, prima-
rily in the content of nutrients, TDS, chloride, sulfate, etc. At site 2, their con-
tent was essentially higher.

The studied sites significantly differed in the number of algal species, their
species composition and taxonomic structure. At site 2 more contaminated
compared to site 1, the number of algal species was higher (65) than that at site
1 (41), probably due to a higher content of nutrients incoming with anthropo-
genic and agricultural runoff. At site 1, the genus Navicula was represented by
the largest number of species, whereas the genus Nitzschia more resistant to
contamination predominated at site 2. Most of the algal species were reported
from the slow running and standing shallow waters. Less number of algal speci-
es was reported from fast moving waters.

The CCA analysis showed that copper had a positive effect on Bacillariop-
hyta species and negative effect on Chlorophyta species. Salinity, turbidity,
chloride, nitrate, sulphate, calcium as CaCOs, total alkalinity as CaCO; and
magnesium as CaCOs had a positive effect on Chlorophyta species and a nega-
tive effect on Bacillariophyta species. Temperature, pH, total dissolved solids,
sodium and total hardness as CaCO; had a positive effect on Cyanophyta speci-
es. Resistivity and electrical conductivity had a negative effect on Cyanophyta
species.
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ASSESSMENT OF ALGAL COMMUNITIES OF THE LOWER SWAT CANAL AND
ITS TRIBUTARIES IN THE CHARSADDA DISTRICT, PAKISTAN

To assess the algal communities of the Lower Swat canal and its tributaries of Tehsil
Tangi of the Charsadda district, samples were taken at various sites differing in the level of
contamination. The physiochemical parameters of the river water were also determined.
Investigations were carried out during the spring season (March to May) of 2021. A total of
81 species belonging to 40 genera were identified, among which Bacillariophyta (64.2 %)
with 52 species and 26 genera were the dominant group. They were followed by Chloro-
phyta (27.2 %) with 22 species and 10 genera, and Cyanophyta (8.6 %) with 7 species and
4 genera. To evaluate the influence of environmental factors on the algal communities, ca-
nonical correspondence analysis (CCA) was performed. The CCA revealed water tempera-
ture, resistivity, electrical conductivity, salinity, copper and sodium content, total dissolved
solids, total alkalinity as CaCOs and magnesium as CaCOs, and total hardness as CaCOs as
significant factors influencing freshwater algal communities. Higher algal diversity was re-
gistered downstream, which showed that the aquatic ecosystem of the Swat River has high
self-purification capability with reported algal communities. The recorded physiochemical
parameters of the water showed that the nutrients present were sufficient for the growth of
algal communities.

Keywords: algae, diversity, physiochemical parameters, water, canonical correspon-
dence analysis (CCA), the lower Swat canal.

32 ISSN 0375-8990. Gidrobiologiceskij zurnal. 2024. 60(6)



