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ABSTRACT

The study was conducted to assess the species composition, substrate specificity, and seasonal
abundance of periphytic algae from the river Periyar. Monthly samples were collected for one year
(June 2016 — May 2017) from different substrates of five selected stations. Eight physicochemical
variables such as temperature, dissolved oxygen, pH, conductivity, chloride, sulfate, nitrate, and
phosphate were also monitored during the study. Taxonomic studies recorded 156 species of pe-
riphytic algae belonging to 56 genera, 36 families, and 5 classes. Naviculaceae was the most abun-
dant family followed by Fragilariaceae and Pinnulariaceae. The principal component analysis re-
vealed the dominance of periphytic algae in the pre-monsoon period. Canonical correspondence
analysis indicates pH, conductivity, and sulfate plays a crucial role in periphytic algal assemblages.
Correspondence analysis and percentage abundance among different substrates showed the pref-
erence of leaf substrate for primary colonization and subsequent succession. The study signifies
the importance of substratum and environmental variables in the dynamics of periphytic algal
community composition and abundance.
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Introduction

Periphyton forms an important component in the functioning
of all aquatic ecosystems; it is cosmopolitan in distribution
and thrives well in adverse conditions of rivers and streams.
It is a micro-ecosystem found on the free surfaces of submer-
ged substrata in aquatic bodies consists of algae, protozoa,
bacteria, fungi, and small metazoans (Satkauskiene & Glasa-
ite, 2013). Algae possess a pivotal position among the pe-
riphytic organisms due to their abundance and richness (Ru-
sanov & Stanislavskaya, 2012). Periphytic biofilm appears
mostly as a green mat due to the dominant algal assemblages.
Perihytic algae act as a power source for all aquatic biota and
as a major regulator of nutrient fluxes since it forms the basis
of all food web interactions.

Periphyton significantly contributes to bio-manipulation mo-
nitoring; since it quickly responds to slight variations in the
environmental conditions, its short life cycle, and abundance
in the littoral zones of aquatic ecosystems (Wu, 2017; Kana-
villil & Kurisseryl, 2013). Periphytic algal community com-
position varies greatly in spatial and temporal scale by several
biotic and abiotic factors such as temperature, light availabi-
lity, nutrient influx, substrate type, water currents, submer-
sion time, and grazing (Albay & Akcaalan, 2008; De Souza
et al.,2015). Periphytic biofilm can be found attached to dead
or living substrates such as sediments, rocks, pebbles, mac-
rophytes, and animal bodies (Wu, 2017).

Periphyton gains more attention in the riverine ecosystem due
to its stable nature. Streams and rivers are continuously mo-
ving and any suspended particle in it can reach the sea within
a few days (Srivastava ef al., 2019; Gurumayum & Goswami,
2013). Sessile life forms are spatially compacted in define li-
mits hence periphytic algal assemblages dominate more than
planktonic forms in rivers compared to lakes and reservoirs
(Franca et al., 2011). Even though periphytons play a crucial
role in aquatic health; research works on periphyton in
freshwater rivers of Kerala are too limited. Most of the hyd-
rological studies concentrate on the planktonic forms and in-
formation on periphytic forms is scarce which is more impor-
tant as they are found mostly attached to the more productive
littoral zones of aquatic ecosystems.

Periyar the longest river of Kerala, on its course of flow pas-
ses through lush green forests, agricultural areas, human sett-
lement regions, townships, and industrial areas. Thus the hyd-
rology, flora, and fauna of the river Periyar are greatly influ-
enced by the geographical areas next to the watercourse. The
study sites were chosen from the middle and lower reaches of
the river Periyar; the lower reaches of the river is a hub of
major industrial and commercial activities while upper reac-
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hes are comparatively less influenced by anthropogenic acti-
vities. The study aims to understand the species composition,
substrate specificity, and seasonal abundance of periphytic al-
gae in relation to the environmental parameters from the se-
lected stations of river Periyar.

Material and Methods
Study Area

Periyar a perennial river of Kerala originates from Sivagiri
peaks of Western Ghats and has a total length of 244 km. Per-
iyar river is also known as ‘Lifeline of Kerala’ forms the
backbone to the economy of Kerala by providing water for
drinking, agricultural purposes, and electrical power genera-
tion.

Five sampling stations were selected along different stretches
of river Periyar to assess the periphytic algal composition
(Figure 1). Station 1 (S1): Pooyamkutty; Station 2 (S2):
Kuttampuzha; Station 3 (S3): Thattekadu; Station 4 (S4):
Aluva and Station 5 (S5): Varappuzha (Table 1). Station 1,
2, and 3 were located in the middle stretches of the Periyar
river. These stations mainly receive agricultural runoff, do-
mestic wastes, and laundry wastes from the nearby area. Sta-
tions 4 and 5 are located in the lower stretches and receive an
enormous amount of sewage, garbage dumps, and industrial
effluents from nearby towns and industries. Station 5 is also
influenced by seawater intrusion during tidal cycles.

Sampling Procedure
Biological analysis

Samples were collected for a one-year duration (June 2016 —
May 2017) from five selected stations. Five different sub-
strata such as leaf, root, rock, wall, and log were chosen from
each station and 5 cm? areas were scrapped from the selected
substrate using a scalpel, brush, or blade. The scrapped con-
tents were rinsed into a tray using distilled water and then
transferred to a sampling bottle via a funnel. The samples
were preserved with 4% of formalin and made upto10 mL
using distilled water (Biggs & Kilroy, 2000). One mL of the
preserved sample was placed on a Sedgwick rafter counting
chamber for enumeration. The counting chamber was then
examined under an inverted microscope (Carl Zeiss Primov-
ert, Germany) equipped with phase contrast. Sedgwick rafter
consists of 1000 cells and each cell contains a considerable
number of algal cells. For convenience 5 rows consisting of
250 cells were counted and the results were expressed in the
number of individuals/cm®. Measurements and photographs
of algal cells were taken and identified using standard books,
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key, and literature (Adhikary & Das, 2012; Edmondson,
1959; John & Francis, 2012; Karthick et al., 2013).

Physicochemical analysis

Physicochemical parameters such as pH, conductivity, tem-
perature, and dissolved oxygen (DO) were determined on-site

using a Cyberscan PCD 650 multiparameter probe (Eutec in-
struments, Singapore). Water samples were brought to the lab
under 4°C and dark for the determination of remaining water
quality parameters. The concentration of sulfate, phosphate,
chloride, and nitrate was determined using standard methods
(APHA, 2005).

VARAPUZHA ALUVA THATTEKAD KUTTAMPUZHA POOYAMEKUTTY

Figure 1. Map showing the selected study sites along the river Periyar
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Statistical Analysis

Statistical analyses were performed using the software PAST
version 318. Environmental data and periphytic algal data
were subjected to normality tests using Monte-Carlo 999 per-
mutation test. Principal Component Analysis (PCA) was con-
ducted to know how the periphytic algal composition varies
among monsoon, pre-monsoon, and post-monsoon seasons.
To down weigh the contribution of abundant species, pe-
riphytic algal data were square-root transformed before anal-
ysis. Canonical Correspondence Analysis (CCA) was per-
formed to demonstrate the relationship between periphytic al-
gal assemblages and environmental variables. Environmental
variables were subjected to Pearson's (Linear r) correlation to
identify the significant variables (p<0.05) and were standard-
ized using the formula (X-mean)/SD. Correspondence Anal-
ysis (CA) is also an ordination method like PCA and is used
to determine the preferred distribution range of algal families
to a particular substrate and station. Cluster analysis was per-
formed using the algorithm UPGMA (Bray-Curtis similarity
index) to know the percentage of similarity within the sub-
strata and stations regarding periphytic algal abundance and
distribution.

Table 1. Geographical coordinates of selected stations

Stations Latitude Longitude

S1 (Pooyamkutty) 10.1605° N 76.7769° E
S2 (Kuttampuha) 10.1525° N 76.7396° E
S3 (Thattekadu) 10.1040° N 76.7005° E
S4 (Aluva) 10.0758° N 76.2714° E
S5 (Varappuzha) 10.1004° N 76.3570° E

Results and Discussion

Periphyton itself is a micro-ecosystem with multiple in-
teractions among the organisms present in it. Algae form
the major proportion of periphytic biota contributing
significantly towards carbon sequestration and nutrient
cycling (Albay & Akcaalan, 2008). Periphytic algae can
be found in all types of aquatic ecosystems due to its
wide range of tolerance to adverse environmental con-
ditions and varied habitats (Wu, 2017). The present
study evaluated the seasonal distribution, substrate spec-
ificity, and habitat preference of periphytic algae with
the environmental parameters.
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Abiotic Parameters

Eight physicochemical parameters such as temperature,
pH, dissolved oxygen, conductivity, chloride, sulfate,
phosphate, and nitrate were monitored during the study
period (Table 2). Correlations between the selected en-
vironmental parameters were provided in table 3. The
temperature did not show much variation among se-
lected stations even though lower reaches recorded high
values of temperature, especially in the pre-monsoon pe-
riod. Temperature showed a positive correlation with
phosphate (r=+0.946) and nitrate (r=+0.918) at 0.05
level of significance. Dissolved oxygen values showed
a gradual reduction from stations 1 to 5 in all seasons
and the values were high in the middle reaches espe-
cially in the monsoon period. A negative correlation of
DO with temperature (r=-0.983) and phosphate
(r=-0.982) was observed at 0.01 level of significance.
pH values recorded at station 5 were slightly alkaline
compared to other stations. pH showed a positive corre-
lation with conductivity (r=+0.952), sulphate
(r=+0.951) and chloride (r=+0.949) at 0.05 level of sig-
nificance. Station 5 exhibited a marked difference in
conductivity from the rest of the stations and the pre-
monsoon period recorded maximum conductivity val-
ues. Conductivity showed a positive correlation with pH
(r=+0.952) at 0.05 level of significance. A high correla-
tion of conductivity with sulfate (r=+0.999) and chloride
(r=+0.999) was recorded at 0.01 level of significance.
Chloride values exhibited a gradual increase from mon-
soon to pre-monsoon periods. A positive correlation of
chloride with pH (r=+0.949) was reported at a 0.05 level
of significance. Sulfate (r=1+0.999) and conductivity
(r=10.999) values exhibited a positive correlation at
0.01 level of significance.

Nitrate has its highest value at station 4 and the pre-mon-
soon period marked the highest nitrate concentrations in
all stations. Nitrate exhibits a positive correlation with
temperature (r=+0.918) at 0.05 level of significance.
Phosphate values showed a gradual increase from mon-
soon to pre-monsoon periods. Phosphate showed a pos-
itive correlation with temperature (r=+0.946) at 0.05
level of significance and a negative correlation with DO
(r=-0.982) at 0.01 level of significance. Station 5
showed a significant difference in sulfate values from
the rest of the stations and the pre-monsoon period rec-
orded high values. Sulfate showed a positive correlation
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with pH (r=+0.951) at 0.05 level of significance. A high
positive correlation of sulfate with conductivity
(r=+0.999) and chloride (r=+0.999) was recorded at
0.01 level of significance.

Periphytic Algal Assemblages of River Periyar

Taxonomic studies on the periphytic algal composition
of river Periyar revealed 156 species belonging to 56
genera, 36 families, and 5 classes (Table 4). Of the 36
families reported, Naviculaceae was found to be the
most abundant one with 19.71% of periphytic algal spe-
cies followed by Fragilariaceae (17.71%) and Pinnular-
iaceae (9.60%). All of these abundant families belong
to the class Bacillariophyceae (Figure 2). Bacillari-
ophyceae have specialized modifications and fixative
structures for attaching to a varied substrate and they are
considered as the pioneering colonizers in lotic ecosys-
tems (Biggs, 1996). Many species of Bacillariophyceae
were reported as fast and efficient colonizers of the
aquatic system (Franca et al., 2011). The abundance of
Bacillariophyceae due to its competitive ability towards
adverse conditions in tropical ecosystems was reported
by Cetto et al. (2004). Studies regarding the composition
of periphytic algae from the Ganga river (Srivastava et
al., 2019) and the Nemunas River (Satkauskiene & Gla-
saite, 2013) reported the dominance of Bacillari-
ophyceae. Oterler (2016) and Kanavillil and Kurisseryl
(2013) also reported the dominance of diatoms from
their studies on different aquatic ecosystems.

Seasonal Distribution Based on Principal Component
Analysis (PCA)

PCA showed the difference in the distribution of the pe-
riphytic algal assemblages among three seasons. Algal
families were represented by vectors; the orientation and
spacing of these vectors on the ordination space indicate
the magnitude of dispersion of algal families among dif-
ferent seasons (Figure 3). Here vector for the Navicula-
ceae family showed maximum dispersion from the
origin and showed maximum periphytic algal abun-
dance for the pre-monsoon period. The least represented

families form a cluster near the origin. Months were de-
noted by the dots on the ordination space which forms
convex-hulls for corresponding seasons. The area en-
closed by the convex hull denotes the variance of that
particular group and here convex-hull for pre-monsoon
shows maximum variance which signifies the domi-
nance of the pre-monsoon period over other seasons.
Principal Component (PC) 1 and 2 itself contributes to
75.22% of the variation in the data. The covariance ob-
tained by eigenvalue showed 67.47% of the variance for
the horizontal axis and 7.75% of the variance for the ver-
tical axis. PC1 has its highest loading in the pre-mon-
soon season (March, April, and February). Naviculaceae
and Fragilariaceae families contribute to higher scores
for PC1 and thus signify the role of these families in the
total algal abundance during the pre-monsoon period.

During the pre-monsoon period, generally in all lotic
ecosystems water becomes more stable, organic, and nu-
trient load increases. The increased temperature en-
hances the rate of decomposition and helps in subse-
quent phytoplankton production (Hajong & Ramanu-
jam, 2018; Kaparapu & Geddada, 2013). Increased wa-
ter temperature and light availability in the pre-monsoon
period result in the abundance of periphytic algae (So-
hani, 2015). Low temperature, increased water currents,
cloudy weather, and low nutrient availability may be the
main causes of decreased periphytic algal abundance re-
ported during monsoon season (Kaparapu & Geddada,
2013). As the water current increases the chances of
washing off the periphytic mat increase, thereby affect-
ing the succession pattern of the periphytic colonizers.
These factors mainly contribute to the increased pe-
riphytic algal abundance in pre-monsoon and decreased
abundance in monsoon. From their work on the Nemu-
nas river and Kaunas lagoon, Satkauskiene and Glasaite
(2013) reported the abundance of periphytic algae dur-
ing the pre-monsoon period. Many authors agree with
the dominance of the pre-monsoon period in association
with periphytic algal abundance (Oterler, 2016; Franca
etal.,2011; Srivastava et al., 2019).
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Table 2. Physicochemical parameters monitored from five selected stations of river Periyar

e >
) £ = Z 2 o
o o ob = o =) = &b
3 2 & 8 SE £& ZE ZE GSE
S1 Monsoon 25.7 6.6 8.0 0.013 0.180 0.123 0.279 62.48
Post-monsoon 25.0 6.4 83 0.019 0.520 0.252 0.434 74.98
Pre-monsoon 26.2 6.1 7.8 0.03 1.060 0.172 3.600 99.97
S2  Monsoon 25.9 6.7 7.8 0.039 0.157 0.143 0.327 62.48
Post-monsoon 26.0 6.4 8.1 0.019 0.554 0.300 0.446 74.98
Pre-monsoon 27.1 6.0 7.5 0.029 1.072 0.266 5.000 87.47
S3  Monsoon 26.4 6.9 7.6 0.015 0.204 0.200 0.375 74.98
Post-monsoon 27.7 6.6 7.5 0.024 0.686 0.331 0.506 74.98
Pre-monsoon 28.0 6.3 7.1 0.033 1.160 0.200 5.900 99.97
S4  Monsoon 27.6 7.0 7.2 0.024 0.464 0.242 1.233 87.47
Post-monsoon 29.5 6.0 6.8 0.038 0.997 0.458 2.652 99.97
Pre-monsoon 29.7 5.8 6.5 0.043 1.511 0.369 9.805 112.46
S5  Monsoon 27.9 7.4 6.8 24.00 0.663 10.30 0.812 349.89
Post-monsoon 30.1 7.3 6.3 46.70 1.323 40.90 2.960 1487.04
Pre-monsoon 30.0 7.5 5.6 49.10 1.600 60.90 6.953 1928.78

Table 3. Correlation between different physicochemical parameters along the study sites of Periyar river.

Conductiv-

Temperature pH D.O ity Phosphate | Sulphate | Nitrate
Temperature
pH 0.525
D.O -0.983** -0.660
Conductivity | 0.628 0.952* | -0.760
Phosphate 0.946* 0.661 -0.982** 1 0.795
Sulphate 0.631 0.951* | -0.760 0.999** 0.797
Nitrate 0.918* 0.182 -0.860 0.360 0.848 0.364
Chloride 0.641 0.949* | -0.770 0.999%* 0.805 0.999** 1 0.376
**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

25 7

20 4

10 +

Percentage abundance

o Mannl. dulal

AC BA CY FR GO MA PL 5A TA DE ZY HY OE 3E LE MO PH 5P

Algal families

Figure 2. Percentage abundance of periphytic algal families from the river Periyar
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Table 4. Taxonomic distribution of periphytic algal families identified from river Periyar

FAMILY SPECIES FAMILY SPECIES

ACHNANTHACEAE (AC) Achnanthes brevipes C. Agardh C. spinuliferum West & G.S.West

A .inflata (Kiitz.) Grunow C. turgidum Brébisson ex Ralfs
AMPHIPLEURACEAE (AM) Frustulia franguelli Manguin Desmidium quadratum Nordstedt
BACILLARIACEAE (BA) Bacillaria paxillifer (O.F Miiller) T.Marsson Desmidium sp.

Nitzschia sigmoidea (Nitzsch) W.Smith FEuastrum anastum Ehrenberg ex Ralfs

Nitzschia sp. E. coralloides Joshua

Tryblionella constricta W.Gregory E. didelta Ralfs
CALENULACEAE (CA) Amphora ovalis (Kiitzing) Kiitzing E. dubium Négeli

Amphora sp. Hyalotheca dissiliens Brébisson ex Ralfs
CYMBELLACEAE (CY) Cymbella affinis Kiitzing Hyalotheca sp.

C. bengalensis Grunow Micrasteriasis foliacea Bailey ex Ralfs
DIPLOEIDACEAE (DI) Diploneis elliptica (Kiitzing) Cleve M. mahabuleswarensis J.Hobson
FRAGILARIACEAE (FR) Asterionella sp. M. pinnatifida Ralfs

Fragilaria capucina Desmaziéres M. radians W.B.Turner

F.virescens Ralfs Pleurotaenium sp.

Synedra acus Kiitzing Spondylosium planum (Wolle) West & G.S.West

S. ulna (Nitzsch) Ehrenberg Staurastrum bicorne Hauptfleisch
EUNOTIACEAE (EU) Eunotia sp. S. crenulatum (Négeli) Delponte
GOMPHONEMATACEAE (GO) Gomphonema angustatum (Kiitzing) Rabenhorst S. cyrtocerum Brébisson

G. gracile Ehrenberg S. gracile Ralfs ex Ralfs

G. grunowii R.M.Patrick & Reimer S. nodulosum Prescott

G. intricatum Kiitzing S. perundulatum Gronblad

G. parvulum (Kiitzing) Kiitzing S. pinnatum W.B.Turner

G. telegraphicum Kiitzing S. spiniceps Willi Krieger
MELOSIRACEAE (ME) Melosira granulate (Ehrenberg) Ralfs S. tohopekaligense Wolle

M. monoliformis C. Agardh S. zonatum Bergesen

Melosira Sp. Staurodesmus conatus (P.Lundell) Thomasson
NAVICULACEAE (NA) Navicula protracta Grunow S. dickiei (Ralfs) Lillieroth

N. microspora Kant and Gupta MESOTAENIACEAE (MS) Netrium digitis Brébisson ex Ralfs

N. radiosa Kiitzing ZYGNEMATOPHYCEAE (ZY) Mougeotia operculata Transeau

N. striolata (Grunow) Lange-Bertalot Mougeotia sp.
PINNULARIACEAE (PI) Pinnularia biceps W.Gregory Spirogyra baileyi Schmidle

P. braunii Cleve

S. chungkingensis Jao

P. divergens W. Smith

S. elongate (Vaucher) Dumortier

P. gibba (Ehrenberg) Ehrenberg

S. hyaline Cleve

P. major (Kiitzing) Rabenhorst

S. lutetiana Petit

P. microstauron (Ehrenberg) Cleve

S. maravillosa Transeau

P. nodosa (Ehrenberg) W.Smith

S. nawashini Kasanowsky

P. viridis (Nitzsch) Ehrenberg

S. parvula (Transeau) Czurda

135


https://doi.org/10.3153/AR21010
https://www.algaebase.org/search/species/detail/?species_id=28796

136

Aquat Res 4(2), 129-144 (2021) e https://doi.org/10.3153/AR21010

Research Article

PLEUROSIGMATACEAE (PL)

Gyrosigma acuminatum (Kiitzing) Rabenhorst

Zygnema gangeticum Bhashyakarla Rao

G. distortum (W.Smith) J.W.Griffith & Henfrey GONIACEAE (GN) Gonium compactum M.O.P.Iyengar

G. eximum (Thwaites) Boyer HYDRODICTYACEAE (HY) Pediastrum boryanum (Turpin) Meneghini

G. obtusatum (Sullivant & Wormley) C.S.Boyer P. duplex Meyen

G. scalproides (Rabenhorst) Cleve P. simplex Meyen

Pleurosigma lange -bertalotii Karthick & Kociolek | MICROSPORACEAE (MI) Microspora pachyderama (Wille) Lagerheim

Pleurosigma sp. Microspora sp.
SIRURELLACEAE (SI) Sirurella robusta Ehrenberg OEDOGONIACEAE (OE) Oedogonium echinospermum A.Braun ex Hirn

Sirurella sp. Oedogonium_sp.
STAURONEIDACEAE (SA) Stauroneis acuta W. Smith SCENEDESMACEAE (SC) Scenedesmus denticulats Lagerheim

S. anceps Ehrenberg S. perforates Lemmermann

S. phoenicenteron (Nitzsch) Ehrenberg S. prismaticus Briihl & Biswas
STEPHANODISCACEAE (ST) Cyclotella sp. S. granulates West & G.S.West
TABELLARIACEAE (TA) Tabellaria flocullosa (Roth) Kiitzing S. quadricauda (Turpin) Brébisson
CLOSTERIACEAE (CL) Closterium acerosum Ehrenberg ex Ralfs S. quadrispina Chodat

C. dianae Ehrenberg ex Ralfs SELENASTRACEAE (SE) Ankistrodesmus benardii Komarek

C. leibleinii Kiitzing ex Ralfs Ankistrodesmus spiralis (W.B.Turner) Lemmermann

C. monoliferum Ehrenberg ex Ralfs Ankistrodesmus  sp.

C. parvulum Nigeli Selenastrum gracile Reinsch

C. tumidulum F.Gay CHROCOCCACEAE (CH) Chroococcus sp.

C. venus Kiitzing ex Ralfs Aphanocapsa sp.
DESMIDACEAE (DE) Cosmrium auriculatum Reinsch LEPTOLYNGBYCEAE (LE) Leptolyngbya lurida (Gomont) Anagnostidis & Komarek

C. botrytis Meneghini ex Ralfs MERISMOPEDIACEAE (MR) Merismopedia tenuissima Lemmermann

C. circularae Reinsch NOSTOCACEAE (NO) Anabaena sp.

C. contractum O.Kirchner OSCILLATORIACEAE (0S) Lyngbya dendrobia Briihl & Biswas

C. decoratum West & G.S.West L. sordida Gomont

C. formulosum Hoff Oscillitoria constricta Szafer

C. javanicum Nordstedt O. princeps Vaucher ex Gomont

C. margaritatum (Lund.) Roy & Bissett O.rubescens De Candolle ex Gomont

C. obsoletum (Hantzsch) Reinsch O.salina Biswas

C. pardalis Cohn Oscillitoria sp.

C. perforatum P.Lundell O.subbrevis Schmidle

C. pluriradians Scott, A.M. & Gronblad O.tenius C.Agardh ex Gomont

C. porteanum W.Archer Phormidium crassior (Behre) Anagnostidis

C. pseudopyrimidatum P.Lundell Phormidium sp.

C. psuedobroomei Wolle PHORMIDIACEAE (PH) Planktothrix rubrscens De Candolle ex Gomont

C. psuedoconnatum Nordstedt Symploca hydnoides Kiitzing ex Gomont

C. quadriverrucosum West & G.S.West SCYTONEMATACEAE (8Y) Scytonema rivulare Borzi ex Bornet & Flahault

C. quadrum P Lundell SPIRULINACEAE (SP) Spirulina major Kiitzing ex Gomont

C. speciosum P.Lundell EUGLENACEAE (EU) Phacus sp.
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Figure 3. PCA depicting periphytic algal community composition and seasonal abundance. Algal families were represented by
the vectors radiating from the origin. Dots on the plot represents months(JUN-June, JUL-July, AUG-August, SEP-
September, OCT-October, NOV- November, DEC- December, JAN- January, FEB- February, MAR-March, APR-
April) and convex-hull denotes 95% confidence level for corresponding seasons(MON-monsoon, POST MON-post-
monsoon, PRE MON- re-monsoon). Abbreviations for algal families were provided in table 2.

Canonical Correspondence Analysis (CCA)

Canonical Correspondence Analysis (CCA) was con-
ducted to know the relation existing between the eight
environmental parameters studied and 36 periphytic al-
gal families reported. Eigenvalues of axisl (lambda =
0.14) and axis 2 (lambda = 0.07) itself explain 73.44%
of the relationship between the data. In the ordination
plot, environmental parameters were represented by
vectors radiating from the origin, and algal families were
represented by dots on the space (Figure 4). The vector
for dissolved oxygen (DO) is an obtuse angle with all
other vectors; illustrates that DO is negatively correlated
with all other environmental variables. Vectors for ni-
trate and phosphate form an acute angle denote the pos-
itive correlation with each other; likely conductivity,

chloride, temperature, and sulfate were positively corre-
lated.

Axis 1 forms positive association with pH (r = 0.778),
conductivity (r = 0.626), sulphate (r = 0.626), tempera-
ture (r = 0.618), phosphate (r = 0.576) and with station
5. Periphytic algal families like Pinnulariaceae, Cymbel-
laceae, Oscillatoriaceae, Euglenaceae, Acanthaceae,
Calenulaceae, Stephanodiscaceae, Spirulinaceae, and
Bacillariaceae also have positive loadings for axis 1 and
thus illustrate the role of pH, temperature, conductivity,
sulfate, and phosphate in the distribution of these algal
families around station 5. Acute angles formed by these
environmental vectors illustrate a positive correlation
with each other. Station 5, Varappuzha is located in the
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lower stretches of river Periyar and is continuously re-
ceiving an enormous amount of sewage, garbage dumps,
and industrial effluents from nearby industries and
towns resulted in the increased values for phosphate,
sulfate, and conductivity at this station. This station also
receives a considerable amount of seawater during tidal
cycles account for the increased chloride, conductivity,
and pH. Satkauskiene and Glasaite (2013) from their
studies on the Nemunas river, Lithuania reported that
higher temperatures and alkaline pH favor the growth of
periphyton. A significant positive association of phyto-
plankton with water temperature, pH, and chlorides
were reported by Kaparapu and Geddada (2013) from
their studies conducted on a tropical freshwater system.
Axis 1forms a negative association with dissolved oxy-
gen (r=-0.653) and with stations 1and 2. Periphytic algal
families Closteriaceae, Chrococcaceae, Selenastraceae,
Desmidaceae, Goniaceae, and Nostocaceae also have
negative loadings for axis 1, and clearly define the role
of DO in the distribution and abundance of these fami-
lies around Stations 1 and 2. These stations were located
in the middle stretches of river Periyar and DO values
recorded from these regions were comparatively higher
than other stations. Oterler (2016) reported a negative
correlation of phytoplankton with DO from his studies
on the Tundzha river, Turkey. Kaparapu and Geddada
(2013) also agree with the negative correlation of DO
with periphytic algal assemblages as per their studies on
the Riwada reservoir, Andra Pradesh.

Station Wise Distribution of Periphytic Algae

Percentage abundance of station wise distribution of pe-
riphytic algae follows the order; station 4 (S4) > station
1 (ST) > station 5 (S5) > station 2 (S2) > station 3 (S3)
(Figure 5). The maximum number of species was re-
ported from station 4 (29.52%) and minimum from sta-
tion 3 (12.54%). Navicula micropspora, N. protracta,
Fragilaria virescens, F. capucina, Synedra ulna, S.
acusa, Gomphonema grunowii, Pinnularia viridis and
Tabellaria floculosa were the dominant species reported
from station 4.

Correspondence analysis (CA) ordination plot indicates
that all the periphytic algal families fall within the 95%
ellipse region and most of the families were distributed
around stations 4 and 5 (Figure 6).

Research Article

Cluster analysis based on the Bray Curtis similarity in-
dex resulted in a dendrogram which shows a total of
68% similarity between selected stations (Figure 7). Stations
4 and 5 located in the lower reaches showed 81% similarity
in the periphytic algal composition. Stations 1 and 2 showed
73% of similarity while S3, the center lying station forms an
outlier and shows the least similarity (68%) with other stati-
ons.

The nature of the habitat and the hydrological conditions
existing in an area clearly defines the composition of orga-
nisms present in that locality. Estimation of periphytic algal
abundance among selected stations showed that station 4 har-
bors more species and station 3 harbors the least number of
species. The ordination plot resulted from CA analysis also
showed that most of the families were distributed around sta-
tions 4 and 5. Station 4, Aluva is a major industrial center
and an important commercial town. Periyar river flowing
through the Aluva region receives a considerable amount of
organic and inorganic pollution load from nearby industries
and towns which accounts for the increased nitrate and
phosphate content in this station (Joseph, 2004, KSPCB,
1981). Domestic sewage discharge and increased anthropo-
genic activities result in nutrient enrichment and the corres-
ponding increase in periphytic algal production (Dhanaseka-
ran et al., 2016; Joseph, 2017). Dendrogram resulted from
cluster analysis of the algal assemblages from selected stati-
ons showed 70% of similarity in species composition of pe-
riphytic algae among selected stations although their number
may vary between stations.

Substrate Wise Distribution of Periphytic Algae

Percentage abundance of substrate wise distribution of pe-
riphytic algae follows the order leaf > root > log > wall > rock
(Figure 8). Leaf harbor maximum number of periphytic algae
with 34.46% of abundance followed by root (22.70%). Rock
was the least preferred substrate with only 9% of abundance.
Fragilaria capucina, F. virescens, Synedra ulna, Gompo-
nema grunowii, Navicula protracta, N. microspora, Pinnula-
ria viridis and Tabellaria flocullosa were the most dominant
species found on leaf substratum.

The ordination plot resulted from correspondence analysis il-
lustrates the distribution of periphytic algal families along the
selected substrate. All families except Chrococcaceae, Phor-
midaceae, and Amphipleuraceae fall in the 95% ellipse re-
gion and most of the families prefer leaf as their preferred
substrate for colonization (Figure 9).

Dendrogram drawn based on the cluster analysis be-
tween different substrata resulted in two groups with a
total of 72% of similarity. Log and wall (86%) showed
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a higher percentage of similarity in periphytic algal
composition followed by leaf and root (85%) whereas
rock forms an outlier showing the least similarity with
the rest of the substrate (Figure 10).

Substrate plays a crucial role in the colonization and
composition of periphytic algae compared to planktonic
forms. All substrata are highly dynamic in their physical
characteristics and functional interactions with the at-
tached biota. Most of the periphytic algal forms are seen
in the littoral zones of lotic systems and are easily en-
countered by all types of contaminants that originate
from the nearby land area (Kanavillil & Kurisseryl,
2013). These littoral areas possess different substrata

like rock, leaf, wall, and log where periphytic algae can
easily attach and grow. Estimation of percentage abun-
dance of periphytic algae among different substrata
showed the abundance of periphyton in leaf followed by
root. The correspondence analysis plot also shows the
importance of leaf as a suitable substratum for coloniza-
tion. Periphytic algal mat is developed from the propa-
gules of planktonic forms; leaves are continuously fac-
ing the water currents and due to its large surface area
these planktonic propagules can easily attach and colo-
nize (Kanavillil & Kurisseryl, 2013). Most of the pe-
riphytic algal assemblages choose leaf as their preferred
substratum because of the large surface area, easy colo-
nization, and attachment using specific modifications.
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Figure 4. CCA ordination plot depicting the relationship between environmental parameters and algal assemblages. Environ-
ment variables were represented by vectors radiating from the origin. Algal families were represented by dots on the
plot (abbreviations given in table2). Red dots denote selected stations (S1-station 1, S2-station 2, S3-station 3, S4-

station 4, S5- station 5).
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Figure 5. Percentage abundance of periphytic algae from selected stations of river Periyar
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Figure 8. Percentage abundance of periphytic algae from different substrata of river Periyar
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Conclusion

Algae possess a pivotal space among periphytic organ-
isms. Due to its photoautotrophic nature algae acts as a
power source for the whole periphytic biota and a regu-
lator for nutrient fluxes. Its short life cycle and the
ability to respond to slight environmental variations
make periphytic algae as a good bioindicator. The pre-
sent study deals with species composition, substrate
specificity, and environmental preference of periphytic
algae of river Periyar. The maximum abundance of pe-
riphytic algae was reported from station 4, which also
experienced the maximum nutrient load. Most of the pe-
riphytic algal species choose leaf as their preferred sub-
stratum followed by root and log. PCA revealed the
dominance of Naviculaceae and Fragilariaceae families
in the pre-monsoon period. CCA illustrates that the com-
bined actions of several environmental variables like
pH, conductivity, sulfate, temperature, phosphate, and
DO determine the periphytic algal composition, diver-
sity, and richness along river Periyar. Since adequate
and accurate information regarding periphytic algae of
river Periyar is too scarce, the data obtained will serve
as a base-line for future studies.
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