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ABSTRACT

Species composition, seasonal preference and sub-
strate specificity of periphytic organisms were studied
for one year (June 2016 — May 2017) from different
substrates of selected stations of river Periyar. Tax-
onomic studies revealed a total of 156 species of
phytoperiphyton and 135 species of zooperiphyton.
Bacillariophyceae dominated the phytoperiphytic
group while rotifers dominated the zooperiphyton.
Most of the phytoperiphytic and zooperiphytic
organisms prefer the pre-monsoon period for their
development and subsequent succession. Rotifers,
crustaceans, protists and entire phytoperiphytic
organisms preferred leaf as their suitable substrate
for colonization and development while nematodes
preferred log. Canonical correspondence analysis
revealed the importance of dissolved oxygen, tem-
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perature, pH and phosphate in the distribution and
abundance of periphytic organisms.
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INTRODUCTION

Periphyton is a complex assemblage of algae, bacteria,
fungus, protozoans, micro invertebrates and detritus
attached to the submerged surfaces of aquatic ecosys-
tems (Azim et al. 2002). It forms a biofilm over sub-
merged objects and provides a suitable niche for the
organisms to colonize and exploit. Biodiversity and
speciation of aquatic organisms increase through their
interspecific and intraspecific competitions among the
periphytic biotope. Periphyton micro-ecosystem acts
as solar-powered biogeochemical reactors and plays
a significant role in primary production, food web in-
teractions and nutrient fluxes (Wu 2017). Periphytons
are ecologically significant and have high economic
value. They serve as an important food source for
tadpoles, invertebrates and fishes. Periphyton acts
as good bio-indicators as they are easily exposed to
contaminants and can readily absorb these contam-
inants into their tissues. They play a crucial role in
the re-establishment of vegetation after loss by flood,
grazing and external stress (Osagie 2010). Periphyton
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Fig. 1. Map showing the selected stations along Periyar River.

assemblages comprise both phytoperiphyton and
zooperiphyton. Phytoperiphyton generally includes
different classes of algae such as Bacillariophyceae,
Cyanophyceae, Zygnematophyceae, Chlorophyceae
and Euglenoidea. Zooperiphyton mostly comprises
rotifers, protists, nematodes, different forms of crus-
taceans and insect larvae.

Study area

Periyar a perennial river of Kerala originates from
Sivagiri peaks of Western Ghats and has a total length

of 244 km. Periyar River is known as ‘Lifeline of
Kerala’ forms the backbone to the economy of Ker-
ala by providing water for drinking, domestic needs,
irrigation, aesthetic purposes and electrical power
generation. Five sampling stations were selected
along different regions of river Periyar to assess
the periphytic composition (Fig. 1). Station 1 (S1):
Pooyamkutty (10°3°29.59”N, 76°46°33.88”E); Station
2 (S2): Kuttampuzha (10°8°37.11”N, 76°43°16.41”E);
Station 3 (S3): Thattekadu (10°08'N, 76°41'E); Sta-
tion 4 (S4): Aluva (10° 6°56.83”N, 76°21°17.38”E)
and Station 5 (S5): Varappuzha (10° 4’10.31”N,



76°16°48.28”E).
Sampling procedure

Monthly samples were collected for one year (June
2016 —May 2017) from five selected stations of river
Periyar. Five different substrata such as log, leaf,
root, rock and wall were chosen from each station
and 5 cm? surface areas were scrapped from the se-
lected substrate using a scalpel, brush or blade. The
scrapped contents were washed out 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 1996). 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
Primovert, Germany) equipped with phase contrast.
The results were expressed in the number of individu-
als/cm?. Measurements and photographs of periphytic
organisms were taken and identified using standard
books, keys and literature.

Physico-chemical parameters such as tempera-
ture, pH, dissolved oxygen (DO) and conductivity
were determined on-site using a multi-parameter
probe (Eutec cyberscan-650). Water samples were
brought to the lab under 4°C in dark conditions for the
determination of remaining water quality parameters.
The concentration of nitrate, phosphate, sulfate and
chloride was determined using standard methods.

Statistical analysis

Statistical analysis was carried out using the software
PAST version 318. Environmental data and periphytic
species data were subjected to normality tests using
Monte-Carlo 999 permutation test. Canonical Corre-
spondence Analysis (CCA) was performed to extract
those environmental variables that play a significant
role in the distribution and abundance of periphytic
organisms. Environmental variables were subjected
to Pearson’s (Linear r) correlation to identify the
significant variables (p<0.05) and were standardized
using the formula (X-mean)/SD. To down weigh the
contribution of abundant species, periphytic species
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Fig. 2. Percentage composition of phytoperiphyton from river
Periyar.

data were square-foot transformed prior to analysis.
RESULTS AND DISCUSSION

Periphytons inhabit all sorts of aquatic ecosystems
like lakes, ponds, streams, rivers and cascades. Rivers
are continuously moving and any object in the river
can reach the sea within a few days. Understanding
of attached forms like periphyton becomes more
efficient in lotic ecosystems compared to planktonic
forms. These periphytic organisms play a consider-
able role in aquatic food chains as they occur in a
sufficient amount in lotic habitats. Distribution and
abundance of periphytic organisms were affected by
multiple interactions of several factors like tempera-
ture, light, grazing, water currents, water chemistry
and substrate type. Even though periphytic organ-
isms were ecologically and economically significant
little is known about the periphyton community of
river Periyar. The present study came out with some
interesting information regarding species composi-
tion, substrate specificity and seasonal abundance of
periphytic organisms.

Species composition of periphyton

Taxonomic studies regarding periphytic assemblages
of river Periyar revealed a total of 291 species of
organisms. Of these156 species belongs to phytope-
riphyton and 135 species belong to zooperiphyton.
Among phytoperiphyton, 5 groups namely Bacil-
lariophyceae, Zygnematophyceae, Chlorophyceae,
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Fig. 3. Percentage composition of zooperiphyton from river
Periyar.

Cyanophyceae and Euglenoidae were identified.
Zooperiphyton comprises 4 groups namely Rotifers,
Protists, Nematodes and Crustaceans.

Percentage composition analysis of phytoperiph-
yton follows the order Bacillariophyceae > Zygne-
matophyceae > Cyanophyceae > Chlorophyceae>Eu-
glenoidea (Fig. 2). Bacillariophyceae was the most
represented class with 75% of total phytoperiphyton
followed by Zygnematophyceae (13%). Euglenoidea
was the least represented group and was insignif-
icant. Bacillariphyceae are considered as efficient
and pioneering colonizers due to their specialized

fixation structures and modifications (Biggs 1996).
Dominance and abundance of diatoms in tropical eco-
systems mainly due to its competitive ability towards
adverse environmental conditions were reported by
Forbes and Forbes (1994). They are photoautotrophs
and play an important role in the aquatic food chain
at the basal level. A vast variety of diatoms are found
associated with aquatic ecosystems and can attach to
the substratum by means of adherent pads, gelatinous
stalks, or branching chains. Since they are primary
colonizers they get sufficient light and better nutrients
for their quick development. All these factors mark
the dominance of Bacillariophyceae resulted from
the present study. Periphytic algal studies from the
Ganga River (Srivastava et al. 2019) and Nemunas-
River (Satkauskiene and Glasaite 2013) well agree
with the dominance of class Bacillariophyceae in the
present study. The dominance of diatoms from differ-
ent aquatic ecosystems was also reported by Oterler
(2016), Kanavillil and Kurisseryl (2013).

Percentage composition analysis of zooperiphy-
ton follows the order Rotifers >Protists> Nematodes >
Crustaceans. Rotifers were the maximum represented
group of zooperiphyton with 60% of abundance. The
least represented group was Crustacea with only
5% of total zooperiphyton (Fig. 3). Considering
zooperiphytic groups, rotifers dominated all other
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Fig. 4. Month wise distribution of phytoperiphyton.
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Fig. 5. Month wise distribution of zooperiphyton.

zooperiphytons irrespective of seasonal variations,
substrate type and regional differences. Even though
rotifers are small-sized organisms they occupy a pivot
space in aquatic ecosystems due to its abundance. A
high abundance of periphytic rotifers also depends on
sufficient food and suitable environmental conditions
(Gadhikar and Sawale 2016). Bano et al. (2017)
documented the abundance of rotifers from his stud-
ies on the Narmada River, India. The abundance of
rotifers in freshwater ecosystems was also reported
by Pawar (2016), Karuthapandi (2013), Kumar et al.
(2011, 2018).

Month-wise distribution of periphyton

Graphical representation of the month-wise dis-
tribution of phytoperiphyton (Fig. 4) illustrates
the dominance of Bacillariophyceae irrespective
of different seasons. Bacillariphyceae distribution
shows two peaks, one in September and the other
in March. Bacillaripohyceae abundance varied from
a minimum of 18.3x10? ind/cm? (June 2016) to a
maximum of 116.5x10? ind/cm? (March 2017). Zy-
gnematophyceae was the second abundant group of
phytoperiphyton with 3 peaks in September, January
and March. The minimum density of Zygnematophy-

ceae was observed in July (1.8x10% ind/ cm?) while the
maximum was recorded in March (27.52x10? cm?).
Cyanophyceae distribution also showed three peaks
in September, January and March. The abundance
of Cyanophyceae varies from a minimum of 1.6x10?
ind/em? (June, July) to a maximum of 12.85x10?
ind/cm? (March). Distribution of class Chlorophy-
ceae showed only a single peak in March. Minimum
Chlorophyceae distribution was observed in June
(0.5x10%ind/cm?) while the maximum was in March
(11.05%10%nd/ cm?).

Seasonal fluctuations in the abundance and
diversity of periphytic organisms are mainly due to
the differential response of diverse species to varying
temperature, light intensity, nutrient levels and graz-
ing pressures. Bacillariophyceae (Jyotsna et al. 2014,
Hajong and Ramanujam 2018), Zygnemato phyceae
(Vidyavati 2007) members show two peaks, one in
post-monsoon and the highest peak in pre-monsoon.
Cyanophycean (Santhosh et al. 2007, Khanna and
Indu 2009) and Chlorophycean (Joshi 2010, Joseph
2017) members also exhibit a higher population
in the pre-monsoon period. Higher temperature,
maximum light intensity, sufficient nutrients in the
form of nitrate and phosphate makes pre-monsoon



304

350 1

300 4

250

200 -

150 A

100 -

No.of individualsx102 /cm2

50 A

LOG LEAF ROOT

Substrata

ROCK

M Bacillariophceae
Zygnematophyceae

M Chlorophyceae

B Cyanophyceae

™ Euglenoidea

WALL

Fig. 6. Phytoperiphytic compositions among selected substrata.

a suitable period for the growth and proliferation of
phytoperiphytons.

Graphical representation of the month-wise
distribution of zooperiphyton denotes the dominance
of rotifer in all the three seasons (Fig. 5). Monthly

variation of rotifer abundance shows three peaks in
October, December and April. Rotifer density varies
from a minimum of 2x10% ind/cm? (June, July) to a
maximum of 10.59%10%nd/cm? (April). Nematode
distribution showed a single peak in February. The
minimum density of nematode was observed in July
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Fig. 7. Zooperiphytic composition among selected substrata.
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Table 1. Station wise account of environmental variables recorded from river Periyar.

Stati- Temperature pH D.O (mg/l) Conductivity Phosphate Sulfate Nitrate (mg/1) Chloride

ons (°C) (mS) (mg/1) (mg/1) (mg/1)

S1 256+022 64+0.11 8.02+0.13  0.021 £0.00 0.586+0.11 0.182+0.05 1.44+0.61 79.14 £9.65
S2  263+033 63+0.14 7.8+0.12  0.029+0.01 0.594+0.13 0.235+0.06 1.92+0.86 74.97£9.73
S3  274+038 6.6+0.12 7.4+0.07 0.024+0.00 0.682+0.13 0.243 £0.07 2.26 £0.96 83.31 +9.40
S4  289+043 6.2+0.18 6.8+0.13  0.035+0.00 0.99 £0.15 0.356 £0.11 4.56 +0.95 99.97 £12.31
S5  293+£043 74+0.09 63+0.18 39.92+3.84 1.194+0.14 37.38£9.03 3.58+0.41 1255.24+231.9

(0.68x10%ind/cm?) while the maximum was recorded
in February (2.76x10%ind/ cm?). Protist density var-
ies from a minimum of 0.43x10%ind/cm? (June) to a
maximum of 1.33x10?ind/cm? (April). Crustaceans
were absent in June and July and were maximum
reported in March (1.35x10%nd/ cm?).

Seasonal fluctuations of rotifers exhibit two
peaks, one in post-monsoon and the other in pre-mon-
soon (Vanjare and Pai 2013, Jose and Sanalkumar
2012). The pre-monsoon period marks a higher abun-
dance of nematodes (Schroeder ef al. 2012, Ansari
et al. 2015, Kothandapani et al. 2016, Mihaljevic et

al. 2015), protists and crustaceans (Singh 2000). In
the pre-monsoon period water becomes more stable
and higher temperature increases the rate of decom-
position of organic materials results in the sufficient
production of zooperiphytonfavored food like algae,
detritus and bacteria. The pre-monsoon period is
also characterized by the increased rate of moulting
and brood production of zooperiphytons. All these
resulted in a maximum population of zooperiphyton
in the pre-monsoon season.

Substrate wise distribution of periphyton

In addition to suitable environmental conditions,
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were represented by vectors radiating from the origin. Periphytic groups were represented by dots on the plot. Stars denote selected
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stable and durable substrates are also important for
massive periphyton development. Surfaces of sub-
merged rocks, stones, reeds, woods and exposed leaf
surfaces act as more persistent substrates (Liboriussen
and Jeppesen 2009). Graphical representation of
substrate wise distribution of phytoperiphyon clearly
states that all classes of phytoperiphyton prefer leaf as
their suitable substratum for colonization followed by
root and log. Rock was the least preferred substratum
by phytoperiphytons (Fig. 6). Periphyton mats are
generally developed from planktonic propagules and
the exposed surfaces of leaves can readily attach these
propagules and facilitate in periphyton development
(Kanavillil and Kurisseryl 2013). Large surface area,
sufficient nutrient availability, easy attachment and
colonization make leaf as a suitable substrate for
phytoperiphytons. Phytoperiphytons generally prefer
organic substrates than mineral ones (Sharifinia et al.
2016) which make rock and wall the least preferred
ones.

Graphical representation of substrate wise dis-
tribution of zooperiphyton illustrates the dominance
of rotifers irrespective of substratum differences and
was abundantly found from leaf substratum. Protists
and Crustaceans also choose leaf as the preferred
substratum when nematodes prefer log mostly for
colonization and succession (Fig. 7). The availability
of sufficient food, enough space and easy attachment
makes leaf as a suitable substratum for most of the
zooperiphytons (Sharma et al. 2013). Nematodes
prefer log mostly because of its structural heteroge-
neity, more stable and durable nature and availability
of nematode favored food (Mihaljevic et al. 2015,
Chauhan 2015).

Canonical correspondence analysis (CCA)

CCA was conducted to assess the relation existing
between the eight environmental parameters studied
(Table 1) and the periphytic organisms reported. Ei-
genvalues for axis 1 and 2 itself explain 89.53% of the
relationship between the data. In the ordination plot,
environmental variables were represented by vectors
radiating from the origin and periphytic groups were
represented by dots on the space (Fig. 8). Vector for

dissolved oxygen (DO) forms an obtuse angle with
all other vectors; illustrates that DO is negatively
correlated with all other environmental parameters.
Vectors for pH and temperature form an acute angle
denotes the positive correlation with each other, likely
conductivity, chloride, sulfate, phosphate and nitrate
were positively correlated with each other.

Axis 1 forms a positive association between DO
and periphytic groups like Chlorophyceae and Zygne-
matophyceae illustrates the importance of DO in the
distribution and abundance of these algal groups. Axis
1 forms a negative association between temperature,
pH, phosphate and periphytic groups like Nematodes
and Crustaceans and Cyanophyceae which signifies
the role of temperature, pH and phosphate in the dis-
tribution and abundance of these periphytic groups.

CCA plot reveals the influence of certain envi-
ronmental parameters in the distribution and abun-
dance of periphytic organisms. Zygnematophyceae
members are mostly sensitive to eutrophic conditions
and are generally seen in oligotrophic waters where
turbidity, nitrate and phosphate concentrations were
comparatively low and DO is high (Hajong and Ra-
manujam 2017, Kiran 2016, Gayathri ef al. 2011). A
high concentration of Cyanophycean members is an
indication of the nutrient status of the river especially
that of nitrate and phosphate (Neelam et al. 2009).
The positive influence of food and nutrients on the
crustacean population was reported by Bano et al.
(2017) from their studies on the Narmada River, India.
Temperature also positively influences on the food
availability, moulting rate and brood production of
crustacean eggs (Singh 2000). Organic contaminants
that undergo bacterial oxidation serve as a potential
food source for periphytic nematodes result in their
abundance and richness in polluted zones compared
to clear zones. Skalskayaa and Gagarina (2019) re-
ported a considerable increase in species richness and
abundance of periphytic nematodes from the regions
contaminated with organic pollutants of zoogenic and
anthropogenic origin. Periphytic groups generally ex-
hibit certain preferences for substrates, environmental
conditions and microhabitats. This preference range
varies with different species tolerance levels to chang-
ing environmental conditions and the availability of



sufficient and suitable food.
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