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Abstract: A rapid study was performed to analyse the diversity of plankton and periphyton from a freshwater pond stocked with Labeo rohita (Hamilton), an
Indian major carp. The pond was installed with bamboo substrates for periphyton growth. Diversity and richness of planktonic and periphytic communities were
observed for six months. Results showed little difference in richness between plankton and periphyton in the pond, but percentage abundance of
Bacillariophyceae was more on substrates than in water column. Shannon Wiener diversity and evenness values were also high for both plankton and
periphyton. It was concluded that in presence of L. rohita, plankton and periphyton maintains indifferent algal richness and high Shannon Wiener diversity.
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INTRODUCTION

Plankton play significant role in growth and development
of aquatic organisms in upper trophic levels. They always
occupy the sole interest of aquatic biologists for their trophic
position in aquatic food chain. Phytoplankton, in particular,
has a critical role in primary production, nutrient cycling,
and food webs in aquatic ecosystems (Dawes, 1998). In sea
water, more than 95% primary production is contributed
exclusively through phytoplankton (Lewis, 1974). They are the
source of food for numerous other organisms, especially
zooplankton and functions as an important link between
detritus nutrients and zooplankton with a significant fraction of
nutrient transfer to secondary production. These are regarded
as best natural food for aquatic herbivorous filter feeders. Like
phytoplankton, periphyton, a layer of microorganisms that
forms on many submerged surfaces in water, dominated by
algae, is a primary food source for grazing invertebrates and
some vertebrates (Feminella and Hawkins, 1995). It has
similar role in transferring primary productivity to secondary
productivity in aquatic ecosystem. Being preferable food for
herbivores, both phytoplankton and periphyton are greatly
regulated by aquatic organisms feed on them. Hence their
abundance and diversities are influenced by the presence of
herbivorous grazers. There are recent researches in which
several herbivorous fish has been projected as efficient grazer
of periphyton for conversion of algal biomass to fish biomass
(Saikia and Das, 2009a; Saikia et al., 2013a). Of these fishes,
rohu Labeo rohita (Hamilton) has been reported to feed both
on plankton and periphyton (Rahman et al., 2008). Knowledge
on phytoplankton and periphyton diversity due to its presence
will bear great significance for understanding the grazer-
resource interaction in aquatic ecosystem.
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MATERIALS AND METHOD
Experimental set up

The study has been performed in a conventional fish pond
of 2.5m depth and an area of 50134 m2 from July 2012 to
December 2012.Bamboo substrates were installed at an
interval of 1m from each other for periphyton growth. Fry of
average length of 20mm were released 15 days before first
sampling at a rate of 1fry /0.5m3.

Sampling
Plankton

Plankton from the surface water were collected carefully
avoiding any disturbances to water. A mixed sample of 30L
from different locations of the pond was poured through 76jum
plankton net to capture net phytoplankton and zooplankton
(APHA 1998) and finally preserved in 4% formalin in 25ml
glass vial.

Periphyton

Periphyton were scrapped randomly from bamboo surface
with a fine scalpel blade until there was no mark of periphyton
layer (visible with naked eyes) on the surface. The area
scrapped for periphyton sampling has been measured. To
maintain uniformity, a near to square sized area has been
scrapped for periphyton sampling. All samples of plankton and
periphyton were preserved in 4% formalin for further
observation.

Identification and quantification

Organisms were identified following standard manuals
(Pentecost, 1984; Edmondson, 1992) under an inverted
microscope (Dewinter plus) in 400 and 600 magnifications.


http://www.egejfas.org/
http://dx.doi.org/10.12714/egejfas.2013.30.4.06
mailto:esin.yalcin@mersin.edu.tr?subject=About%20your%20article%20[EgeJFAS]
mailto:surjyasurjya@gmail.com

Saikia et al., Ege J Fish Aqua Sci 30(4): 183-186 (2013)

Where necessary, identity of algae was confirmed through
web based information (www.algaebase.org). For quantitative
study, samples were collected and centrifuged at the rate of
1500rpm for 10 minutes. The volume is then reduced to 10ml
with 4% formalin and kept in cool and shady place.
Calculations of samples were done following Lackey's drop
count methods (Lackey, 1938).

Planktonic volumes were directly converted to unit L.
Periphyton samples were scrapped from a known surface
area of submerged bamboo, centrifuged and reduced to 10ml
with 4% formalin. The abundance thus obtained was
expressed in unit L. It was converted to unit L-* cm2 by the
following formula-

Unit L' em2 = unit L' from substrate/ area scrapped for
periphyton (cm)

Mean value was expressed as parentage abundance on
total abundances for a sampling period.

Diversity measures

The Shannon Wiener Diversity Index, H * was calculated
on the basis of the number of taxa (here genus) and individual
abundance of organisms present in the sample (Shannon and
Wiener, 1949).

'=— YPilnPi

Where, H" is the Shannon Wiener Diversity Index Pi is the
fraction of abundance of ith taxon to total number of individuals
of all taxon in hand

Evenness index, (J) of diversity based on H" was also
determined.

It was calculated on the basis of H".
J=H'/Hmax (Pielou, 1966)

Where, J is the evenness measure

H" is the Shannon Wiener Diversity Index

H'max is the maximum value of H ’, H'max = InS, (Fager,
1972), S denotes richness of plankton.

Percentage abundance has been expressed for both
plankton and periphyton.

RESULTS

Richness of plankton and periphyton showed almost equal
number of genera of algae in the pond (Table 1). For plankton
and periphyton, generic richness of Cyanophyceae,
Bacillariophyceae and Euglenophyceae were recorded as 6, 6
and 3 respectively. Chlorophyceae with generic richness of 10
and 9 in plankton and periphyton respectively, were maximum
in both cases. Euglenophyceae like Phacus, made highest
species representation in periphyton. From Table 1, it is
evident that all planktonic Cyanophyceae members exhibited
periphytic mode of life. For Chlorophyceae, except
Scenedesmus bijugatus, Ankistrodesmus sp. and Cosmarium
sp., all other planktonic members exhibited periphytic life. In
Bacillariophyceae, Sellaphora pupula exhibited only periphytic
life, while other members were recorded as planktonic too. In
Euglenophyceae, except two species (Phacus acuminatus
and Phacus lemmermanni), all other Phacus sp. exhibited
periphytic life.

Percentage abundances showed that Euglenophyceae
were more abundant at early stage in both plankton and
periphyton than late stage of the study (Figure 1). In July
2012, planktonic Euglenophyceae were higher (30%) than
periphyton (21.4%). The latter further reduced from 21.4% to
17.9% during this period. In contrast, Chlorophyceae showed
opposite trends of abundances in both environments. In early
period of sampling (i.e. July), planktonic Chlorophyceae
constituted 21.4% of total algal abundance which reduced to
17.9% in December, whereas for periphytic Chlorophyceae,
the same contributed 13.6% to total algal periphytic
composition in July and increased to 18.2% in December.
Bacillariophyceae showed mixed results in case of
phytoplankton. During November, it showed maximum
abundance (22.7%). For periphyton, the percentage
abundance increased steeply from 3.8% in July to 19.2% in
December. During October, it exhibited maximum abundance
(26.9%). Planktonic Cyanophyceae also showed steep
increase from 9.5% to 19% whereas in case of periphyton,
there was a marginal increase (15.4% to 19.2%).

Table 1. Richness and generic diversity of plankton and periphyton from freshwater pond stocked with L. rohita. 2 available as plankton;

available as periphyton.

Cyanophyceae Chlorophyceae Bacillariophyceae  Euglenophyceae
Aphanocapsasp.2 Ankistrodesmussp.? Navicula sp.ab Trachelomonus sp.2®
Aphanocapsa roeseana”  Scenedesmussp.2? Sellaphora pupula?  Phacus sp.2
Chroococcus sp.2 Scenedesmus bijugatus? Synedra sp.2 Phacus unguis@
Oscillatoria sp.ab Scenedesmus acutus® Pinnularia sp.2® Phacus acuminatus?

Phormidium willei®
Gloeocapsa sp.2
Hapalosiphon sp.ab

Kirchenerilla sp.ab
Closterium sp.2b
Oedogonium sp.ab
Tetmemonas sp.a
Ulothrix sp.b
Characium sp
Cosmarium sp.?

Phacus chloroplastes?
Phacus tortuosus®
Cryptoglena skujaeb
Phacuswettsteinii®
Euglena sp.ab
Euglena sanguinea@®

Surrirela sp.2b
Nitzschia sp.ab
Gyrosigma sp.2°

Cosmarium pseudopyramidatum®

Gloeocystis sp.
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Figure 1. Percentage abundances of plankton (top) and periphyton (bottom)
from pond stocked with L. rohita. BGA, Blue Green Algae
(Cyanophyceae)

Al sampling periods showed high Shannon Wiener
diversity in respect of Shannon’s maximum diversity (Hmax)
counted on total generic richness (Table 2). These diversity
indices were ranged from 1.07 to 1.20 for plankton. In case of
periphyton, this range was 1.15 to 1.36. Evenness indices (J)
also showed highly homogenous distribution (around 9.0) for
both plankton and periphyton throughout all sampling periods.

Table 2. Diversity indices of plankton and periphyton from pond stocked
with L. rohita recorded during 2012

Plankton Periphyton
H Hmax J H Hmax J
July 118 130 091 126 138 091

August 107 115 094 115 132 087
September 115 120 095 128 134 095
October 120 132 091 135 145 094
November 113 126 090 125 138 0.91
December 119 123 097 132 142 093

DISCUSSION

An almost indifferent generic richness between phytoplankton
and periphyton indicates random choice of planktonic algal
members to exhibit periphytic life-style throughout the study
period. Saikia et al. (2013a) stated an attachment procedure
of plankton to pre-existing aquatic biofilm for the formation of
periphytic layer. Generally, planktonic algal members adopt a
preferential choice for periphytic life in aquatic ecosystem.
Most algae always prefer for periphytic life, some of which

rapidly  colonize on available substrate.  Except
Euglenophyceae, all other algal groups maintained both
planktonic as well as periphytic life style.

Richness of periphyton in the pond studied was found to
be very less compared to similar other water bodies. Earlier
Saikia and Das (2009b) studied periphyton and plankton from
rice fields stocked with Cyprinus carpio (L.) and recorded
higher richness of periphyton in it than that of freshwater pond
environment. Thus richness of these organisms might be
influenced by biotic and abiotic components specific to the
ecosystem. Wahab et al. (1999) reported 25 genera of
Chlorophyceae, 12 genera of Bacillariophyceae, 10 genera of
Cyanophyceae from bamboo substrate stocked with Labeo
calbasu (H.) in freshwater pond. The role of grazer (i.e Labeo
rohita in the present study) in determining algal richness could
not be ignored. Depending on the ecosystem, grazer may
affect algal growth through grazing activities and thereby
influencing algal diversity or algal accumulation rates on
substrate (Vanni et al., 2006, Gruner et al., 2008, Murdock et
al., 2010). However, percentage abundances showed that
Bacillariophyceae and Cyanophyceae mostly prefer periphytic
life over planktonic life. Preference of Bacillariophyceae to
exhibit periphytic life on organic substrates over planktonic life
has been reported earlier (Bere, 2010). Cyanophyceae too,
exhibited similar mode of preference. In presence of rohu,
such preferential exhibition by Bacillariophyceae and
Cyanophyceae was not reported earlier. Both these two
genera are considered as best algal candidates to colonize on
bacterial biofilm surfaces (Williams et al., 2000). They develop
rapidly on substrate in absence of herbivores in aquatic phase
(Williams et al., 2000). In presence of herbivores, few algal
members may maintain a persistent growth on substrate
surface (Williams et al, 2000). Probably, rohu with
herbivorous feeding habit either avoid these genera or
selectively feed on other periphytic forms. Saikia et al. (2013b)
proposed that the fish rohu could explore a sub-periphytic
zone found in proximity to periphytic surfaces. In such cases
it is truly a filter feeder, not a grazer. Shifting of filter feeding
activity by rohu to such specific zone in substrate installed
environment could be the reason that led to indifferent in
richness of planktonic and periphytic algal communities.
Supporting a probability of such interaction, the Shannon
Wiener index also reflected high ranges of diversity for both
plankton and periphyton. All diversity measures were very
close to expected maximum Shannon Wiener diversity.
Evenness (J) values clearly support such closeness. Both
Shannon-Wiener diversity and evenness results explained the
effect of grazer presence on planktonic and periphytic
communities. It is well established that presence of grazer
increases the heterogeneity and primary productivity of
periphytic algal groups (Saikia et al., 2011). Grazers, like
rohu with wide mouth might follow filter feeding behaviour
reducing competition among plankton in water column to
colonize on substrate and browse on algal members nearing
to substrate and thereby clears new patches for microalgae
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to grow rapidly on the submerged substrate. Such
regulation, especially on periphyton, often tends to increase
algal heterogeneity in the system (Saikia et al., 2011).

Thus, presence of rohu in a periphyton based pond
ecosystem does not negatively affect algal communities,
rather, enhances their heterogeneity and richness in water
column as well as on substrate. Such enhancement could be
either through selective feeding on macro- and filamentous
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