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Abstract – The mean periphyton counts in the surface and subsurface waters of the fish ponds with
applications of cow manure at 10 t/ha/yr; urea at 100 kgN/ha/yr and single super phosphate at 50 kg P/ha/yr
in the first treatment; biogas slurry at 15 t/ha/yr and inorganic fertilizers as in the previous treatment in the
second treatment; biogas slurry at 30 t/ha/yr in the third and biogas slurry at 30 t/ha/yr with supplementary
feed were 333, 365, 407, 433/cm2/day and 230, 284, 348, 377/cm2/day, respectively. Higher counts were
observed in treatment 4, followed by treatments 3, 2 and 1 showing significant differences with higher
counts in the surface waters. The species diversity indices were more in the third and fourth treatments with
higher diversity at the surface levels. The dominance of Bacillariophyceae in the surface waters was distinct
(45.9–60.6%) attributing to the higher nutrient availability on mineralization of the easily decomposable
substrate. Water quality parameters in all the four treatments were in the normal ranges. The representations
of both Bacillariophyceae and Chlorophyceae were similar in the subsurface waters (36.6–50.8% and 28.2–
36.4%). There was increase in the percentage composition of protozoans in the surface waters in the slurry-
applied ponds (0.6–3.3%). Variations in rotifers were moderate, the respective representation ranges being
0.9–3.4%, 2.2–5.3% in the two levels and cladocerans in subsurface waters were higher with means of 10.7,
4.3, 4.9 and 4.7. Copepods were the dominant group in the animal assemblages at the surface level with the
means of 3.0%, 2.3%, 4.0% and 5.0%. The variations in the different groups presented a vertical distribution
pattern in the colonization of the periphytic communities.
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1 Introduction

Periphytic communities, the fundamental components in
pond ecosystem, are assemblage of minute plants and animals
on the surfaces of submerged aquatic objects and are usually
found in lower biomass is low as compared to the submerged
biomass present. They perform a boundary activity connecting
the substratum and the surrounding waters and furthermore are
the main suppliers to the energy and biomass contained at
higher trophic levels. To minimize the input cost in pond
production system research works in south Asian countries
have been concentrated on enhancing the plankton based food
web to increase nutrient efficiencies without giving importance
to substrate based food web (Maiti et al., 2014; Saha et al.,
2016). In different aquatic ecosystems, periphytic organisms
exhibit varied dynamics and also change with experimental
manipulations. Most freshwater fishes are better adapted to
grazing on substrate than to filter feeding. Alluring techniques
ding author: dasmadhumita999@rediffmail.com
like natural substrates or artificial substrates could be provided
in the submerged surfaces of freshwater ecosystems for better
water quality with efficient harvest of larger food sources and
encouraging impacts on production. Information on periphy-
ton production in relation to diverse substrate use and
management practices is inadequate except for some studies
in rivers, lagoons, brackish water environments and fish ponds
(Barbiero, 2000; Kaggwa et al., 2006; Rusanov and Khromov,
2016). In a study in a Danubian floodplain lake with the
provision of glass slides as substrate, when disturbance is
created showed changes in periphytic algal communities. In
the beginning, diatom community dominated during spring but
showed a quick change with the development of community of
filamentous and stalk-forming chlorophytes during summer
(Pfeiffer et al., 2015). This has been understood that several
environmental factors such as changes in temperature and light
intensity affect periphytic growth rates (El-Sabaawi and
Harrison, 2006). Dempster et al. (1993) and van Dam et al.
(2002) have analyzed the interactions between periphyton and
other biotic communities. Debenest et al. (2009) have reported
that periphytic diatoms are sensitive to organochlorines.
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Fig. 1. Experimental pond location at Central Institute of Freshwater Aquaculture, Kausalyaganga, Bhubaneswar, Odisha, India.
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Nasser and Sureshkumar (2014) have analyzed the pattern of
variation in five different types of habitats and observed
maximum microalgal diversity in reservoir habitat and
minimum in modified habitat. Stimulating periphyton based
food web is a better option than stimulating phytoplankton
based food web but adding periphyton development to an
aquatic system along with the already existing phytoplankton
based and detritus based food webs will enhance the fish pond
productivity (Milstein et al., 2009; Wang et al., 2011).
Asaduzzaman et al. (2008) have described that substrate
addition for periphyton development controls carbon/nitrogen
ratio and development of periphyton which equally enhance
freshwater prawn production in ponds.

The periphytic community, though is an integratedpart of the
whole system productivity and food web interactions among
hydrological, climatic and nutrient factors (Dharmaraj et al.,
2002; Huchette and Beveridge, 2008), it has not been given
focused attention inmany Indian hydrobiological investigations
(Shankar et al., 1998; Keshavanath et al., 2001). Virtual status of
periphytic community structure in pond ecosystems gives an
indication of the nutrient status of a culture system and by the
addition of both fertilizer and manure it becomes easier to
manipulate the water quality for colonization and abundance of
the attached algal communities for achieving better production
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levels.Detail studieson these aquaticbiota in freshwater systems
has been made by Ayyappan (1987), Azim et al. (2001), Wetzel
(2001),Keshavanath et al. (2002) and Jobgen et al. (2004). In the
present study an attempt has been made to understand the
periphytic counts, production pattern and species diversity in the
surface and subsurfacewaters of ponds treatedwith cowmanure
and biogas slurry at the farm of Central Institute of Freshwater
Aquaculture, Kausalyaganga, Bhubaneswar, Odisha, India.

2 Material and methods

2.1 Experimental design and manurial applications

For the study, twelve ponds (0.04 ha each) were used at the
farm of Central Institute of Freshwater Aquaculture, Kausa-
lyaganga, Bhubaneswar, Orissa, India (Lat. 20°1100600–
20°1104500N; Long. 85°5005200–85°5103500E) (Fig. 1). There
were four manurial treatments in triplicates, with applications
of cow manure at 10 t/ha/yr, urea at 100 kgN/ha/yr and single
super phosphate at 50 kg P/ha/yr in the first treatment (1),
biogas slurry at 15 t/ha/yr and inorganic fertilizers as in the
previous treatment in the second treatment (2), biogas slurry at
30 t/ha/yr in the third (3) and biogas slurry at 30 t/ha/yr with
supplementary feed (4) (rice bran and groundnut oil cake of
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Table 1. Mean counts and abundance of periphyton (no./cm2/day) in surface and subsurface waters of ponds under different treatments.

Treatments Mean (surface) SE Confidence interval (95%) Mean (sub surface) SE Confidence interval (95%) p Value

Treatment 1 332.5 6.61 14.27 229.85 7.22 15.59 8.062e-07
Treatment 2 365.28 3.87 8.36 284.21 5.54 11.96 1.192e-08
Treatment 3 407.28 6.88 14.86 348.35 8.03 17.34 7.514e-07
Treatment 4 453.35 3.79 8.18 377.00 6.67 14.40 1.072e-07
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groundnut in equal proportions at 1% of fish biomass) provided
daily in ponds. The ponds were stocked with carp fingerlings at
a density of 5000/ha in proportions of catla 15%, rohu 25%,
mrigal 25%, silver carp 30% and grass carp 5%.

2.2 Sampling and analysis

Samples of pond waters were collected in clean
polyethylene bottles from the pond surface waters and
analyses for different parameters were conducted at monthly
intervals through the period of study. Temperature and pH of
pond waters were measured by mercury thermometer and pH
meter of water analysis kit (Century, CK-710). Dissolved
oxygen content of water was measured with an Oxi-meter,
OXI-191 (Chemito, India). Following colorimetric methods
the water quality parameters such as, NH4–N, NO2–N, NO3–N
and PO4–P were quantified using double beam UV–Vis
spectrophotometer (APHA, AWWA, WPCF, 2012).

Glass slide method was used for the study and collection of
periphyton settlements at two levels from the pond waters
(Sladecek and Sladeckova, 1964; APHA, AWWA, WPCF,
2012). Water level in each pond was maintained at 2m and
replicate glass slides (two glass slides at each level) fastened to
bamboo sticks fixed to a bamboo pole at two levels, viz.,
surface (0.5m downwards from surface) and subsurface (1.0m
downwards from surface), were provided as substrates for
periphytic settlement within exposure period of 4weeks after
which the same process was repeated with new slides fastened
and exposed for next month. The periphytic assemblages of
both the slides at each level tied at both sides of the bamboo
pole were scraped on to a petridish, mixed evenly and made to
a volume of 20ml with filtered water and preserved with 5%
formaldehyde solution. The size of each slide was 7.6 cm
� 2.6 cm= 197.6 cm2. The periphytic assemblages of both the
surfaces of the glass slides at each levels were scraped on to a
petridish, mixed evenly and made to a volume of 20ml with
sterile water and preserved with 5% formaldehyde solution.
One milliliter of each sample was placed in Sedgewick Rafter
plankton-counting cell and the periphytic forms were
identified up to generic level qualitatively and quantitatively
it was expressed as number/cm2. Considering both sides of the
slide the dilution factor was total number/395 = no./cm2

(Edmondson, 1959; Sladecek and Sladeckova, 1964). The
populations counted in each treatment were expressed as no./
cm2/day and the percentage compositions of algal forms and
animal assemblages as well as the compositions of major
groups were calculated. Diversity indices were estimated in
order to compare the abundance of periphyton among different
treatments at both the levels of pond ecosystems by using
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PRIMER v.6 data analysis software (Clarke and Gorley, 2006).
Two way ANOVA was conducted to analyze the significant
difference between the periphyton assemblage between
surface and subsurface water under different treatment levels.
The significance difference between the means of the
treatments were assessed using Tukeys honest significant
difference (HSD) test using p� 0.05 as the level of
significance.

3 Results

3.1 Total counts

The variations in periphyton counts in the surface and
subsurface levels of ponds under different treatments for a
period of 14months in the surface and at subsurface level is
given in Table 1. Treatment 4 showed significantly higher
(p< 0.05) periphyton counts followed by treatments 3, 2 and 1
both in surface and subsurface levels (Fig. 2). The periphyton
counts in all the treatments showed significant differences
between surface and subsurface levels at 95% confidence
interval.

3.2 Percentage composition

The percentage compositions of algal forms and animal
assemblages at the surface and subsurface levels are presented
in Figures 3 and 4. The algal fractions were higher in the total
periphyton counts at both the levels. Periphyton comprised
thirty five genera of algal forms represented by five genera
belonging to the family Myxophyceae, eighteen genera
belonging to the family Chlorophyceae, ten genera belonging
to the family Bacillariophyceae, one genera belonging to the
family Chrysophyceae, and one genera belonging to the family
Dinophyceae.

The mean percentage compositions of animal assemblages
at both the levels indicate a gradual increase in the composition
of animal assemblages in the periphyton on subsurface levels,
though algal dominance persisted at both the surface and
subsurface levels. The genera of animal assemblages were
represented by two genera of Protozoa, five genera of Rotifera,
three genera of Cladocera and three genera of Copepoda.

3.3 Generic composition

The generic representations in the periphyton were
Oscillatoria, Anabaena, Rivularia, Gloeothece, Spirulina
(Myxophyceae); Pediastrum, Bulbochaete, Selenastrum,
Botryococcus, Ankistrodesmus, Scenedesmus, Spirogyra,
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Fig. 2. Mean periphyton counts (no./cm2/day) at surface and subsurface levels of ponds under four different treatments during the study period.

Fig. 3. Percentage compositions of algal forms at surface (TS1–TS4) and subsurface (TSS1–TSS4) levels of ponds among four different
treatments during the study period.
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Zygnema, Dispora, Closterium, Tetraspora, Hydrodictyon,
Ulothrix, Oedogonium, Schizogonium, Actinastrum, Gongo-
sira, Draparnaldiopsis (Chlorophyceae); Dinobryon (Chrys-
ophyceae); Cyclotella, Nitzschia, Synedra, Navicula,
Amphora, Gomphonema, Pinnularia, Melosira, Frustulia,
Surirella (Bacillariophyceae); Ceratium (Dinophyceae); Eu-
glena, Epistylis (Protozoa); Keratella, Brachionus (Rotifera);
Daphnia (Cladocera) and Diaptomus, Cyclops (Copepoda).
The results of diversity indices were calculated and values of
Margalef species richness index (5.565-surface and 5.215-
subsurface) and Shannon–Wiener index (1.534-surface and
1.512-subsurface) were more in treatment four at both surface
and subsurface levels of the pond ecosystems. The value of
Pielou’s evenness index was more in treatment three for
surface waters (0.8783) where as in subsurface waters
(0.9651), it was more in treatment 4 (Table 2).
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In the surface level, Bacillariophyceae was the dominant
group with percentage composition of 56.7 ± 4.0, 59.1 ± 5.2,
45.9 ± 4.8 and 60.6 ± 5.0 in treatments 1, 2, 3 and 4, respectively.
Themean representations ofChlorophyceae in the total plankton
were 27.5 ± 2.9, 26.8 ± 4.2, 36.4 ± 5.2 and 23± 5.6 for treatment
1, 2, 3 and 4, respectively. Percentage composition of
Myxophyceaean group were 4.6 ± 1.4, 3.5 ± 1.1, 5.0 ± 1.3 and
2.0 ± 0.5 and those of Chrysophyceae and Dinophyceae were
1.9 ± 0.7, 3.0 ± 1.0, 2.1 ± 0.7, 2.3 ± 0.7 and 2.1 ± 0.7, 2.2 ± 0.60,
1.1 ± 0.30, 1.0 ± 0.30 in the four treatments, respectively.
Copepods were the dominant group in the animal assemblages
at the surface level with means of 3.0 ± 1.20, 2.3 ± 0.80,
4.0 ± 1.90 and 5.0 ± 2.30 for treatment 1, 2, 3 and 4, respectively.
Availability of Protozoans and Rotifers were 1.5 ± 0.70,
0.6 ± 0.20, 3.1 ± 1.10, 3.3 ± 1.30 and 1.6 ± 0.90, 1.9 ± 0.60,
1.1 ± 0.50, 1.1 ± 0.40. The mean percentage compositions of
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Fig. 4. Percentage compositions of animal assemblages at surface (TS1–TS4) and subsurface (TSS1–TSS4) levels of waters of ponds under four
different treatments during the study period.

Table 2. Diversity indices of periphyton in surface waters and subsurface waters of pond ecosystems.

Treatments Number of species (S) Margalef species richness (d) Pielou’s evenness index (J0) Shannon–Wiener index H0 (log 10)

Surface waters
TS1 42 4.884 0.8312 1.349
TS2 43 4.921 0.8244 1.347
TS3 43 4.862 0.8783 1.435
TS4 48 5.565 0.8493 1.534

Subsurface waters
TSS1 37 4.736 0.9231 1.498
TSS2 36 4.591 0.9331 1.452
TSS3 40 4.973 0.9479 1.499
TSS4 46 5.215 0.9651 1.512
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Cladocerans were higher in treatments 1, 3 and 4 than 2 with
abundance of 1.1 ± 0.70, 1.3 ± 0.50, 1.4 ± 0.60 and 0.7 ± 0.3 in
treatment 2.

At the subsurface level, the counts of Bacillariophyceae
were lower than the surface level with percentage composition
of 38.2 ± 2.16, 36.2 ± 4.98, 42.6 ± 4.67 and 50.8 ± 3.70 Chlor-
ophyceae comprised 35.4 ± 2.96, 36.4 ± 5.27, 36.4 ± 5.59 and
28.2 ± 3.97. The Myxophycean composition was highest in
treatment 2(6.3 ± 1.06) followed by treatments 3(2.6 ± 0.51),
4(3.9 ± 1.19) and 1(4.9 ± 1.34). Chrysophyceae and Dinophy-
ceae intensities were 0.3 ± 0.13, 3.4 ± 1.28, 2.4 ± 0.85,
3.5 ± 0.96 and 0.7 ± 0.19, 2.9 ± 0.98, 1.4 ± 0.43, 1.8 ± 0.62,
respectively.

The abundance of Cladocerans at the subsurface level were
higher than those at the surface level with abundance of
10.7 ± 2.51%, 4.3 ± 1.09%, 4.9 ± 1.04% and 4.7 ± 1.71%. The
copepods intensity were 2.7 ± 0.77, 3.5 ± 1.14, 4.3 ± 0.96, and
2.3 ± 0.56. The Protozoa’s and Rotifers intensities were
1.7 ± 0.50, 3.5 ± 0.96, 1.6 ± 0.34, 2.00 ± 0.82 and 5.3 ± 0.94,
3.6 ± 0.83, 3.7 ± 0.58, 2.82 ± 0.86. In all the four treatments, the
mean percentages of rotifers at the subsurface levels were
higher than those at the surface levels.
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3.4 Water quality

Temperature and depth of water were in the ranges of 20.8–
30.2 °C and 0.8–1.8m. Water quality parameters in treatment
1, 2, 3 and 4 were in the ranges of pH 7.4–8.5, 8.0–8.4, 7.4–8.4,
7.4–8.4, dissolved oxygen 3.6–5.3, 3.6–5.0, 4.0–5.4, 3.5–
6.1mg/l, ammonium–nitrogen 4.15–11.74, 2.68–14.38, 5.10–
19.88, 6.08–22.66mg-at N/l, nitrite–nitrogen 4.87–25.58,
4.63–24.32, 5.60–26.33, 7.94–28.95mg-at N/l, nitrate–nitro-
gen 10.18–40.11, 10.12–33.86, 10.04–41.09, 10.06–48.98mg-
at N/l, phosphate–phosphorus 0.12–0.5, 0.08–0.48, 0.03–0.4,
0.04–0.54mg/l and dissolved organic matter 2.2–5.65, 2.10–
6.5, 4.2–8.60, 5.2–9.50mg/l.

4 Discussion

The periphytic forms are considered as both a trophic
resource and indicator of the environmental conditions (Azim
et al., 2005; Rai et al., 2008). The ponds were stocked with carp
fingerlings with a stocking density at 5000/ha with daily
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manuring. The water quality parameters were in the normal
range since the ponds were applied with split doses of manure
and fertilizer, no algal bloom formation was encountered. As
the ponds were stocked with carp fingerlings at a density of
5000/ha in proportions of catla 15%, rohu 25%, mrigal 25%,
silver carp 30% and grass carp 5% as a normal extensive fish
culture practice which also supported non algal blooming in
the ponds. Albay and Akçaalan (2008) and Cantonati and
Spitale (2009) further analyzed the interactions between
periphyton, water quality and other biotic communities. In the
present study cow manure which is raw organic manure
usually used in carp production showed lower periphytic
counts and species diversity. One of the major goals in the
present experiment was also to standardize the dose of biogas
slurry applications in carp culture through ecological inves-
tigations, the periphytic counts and diversity in treatment 4 was
higher than treatments 2 and 3. The total nitrogen and
phosphorus inputs in treatment 4 (11.9mgN/m2/day, 19.2mgP/
m2/day) was lower than treatment 1 (37.3mgN/m2/day,
5.4mgP/m2/day) and to bring out the advantages of applications
of biogas slurry. Nitrogen and phosphorus inputs in treatment 2
(mgN/m2/day, mgP/m2/day) and treatment 3 (mgN/m2/day,
mgP/m2/day) showed amedium range of periphyton counts and
diversity. In treatment2 thedoseofmanure applicationat15 t/ha/
yr along with inorganic fertilizer at the recommended dose
proved that it was not the optimum manure application level.
Similarly in treatment 3 only biogas slurry application at 30 t/ha/
yr resulted in lesser periphyton counts and diversity than
treatment 4. With the provision of 1% feed of the total fish
biomass applied in split doses supplied on a daily basis and
biogas slurry at 30 t/ha/yr in treatment 4 showed higher counts of
periphyton,which couldbedue to the higher nutrient availability
fromthemineralizationof the easilydecomposable substrate and
the differences with regard to manurial applications were
demonstrable in the present investigation. In all the treatments
total numbers of species were fewer in subsurface (36–46 nos.)
andhigher at surface levels (42–48nos.). Itwas conspicuous that
the Chlorophycean fraction was higher in periphyton of all the
slurry-applied ponds. While the occurrence of higher periphytic
counts along with dominance of algal fraction in the surface
waters as in the present study has been observed by several
workers in ponds, lakes and rivers (Sladeckova and Sladecek,
1990; Verdegem, 2002; Rimet and Bouchez, 2012) and the
component of algal assemblages in the subsurface periphyton
was comparatively low.

Diatoms were the most dominant algal forms in both
surface and subsurface levels of the periphyton, as also
observed by Wahab et al. (1999), Caputi et al. (2005) and
Pandit et al. (2014). The forms encountered in the periphytic
assemblages could be categorized into the following in terms
of their habitat viz., filamentous green algae (e.g., Oedogo-
nium) and diatoms (e.g.,Melosira); prostrate or heterotrichous
green algae (e.g., Bulbocheate); unicellular stalked algae (e.g.,
Gomphonema); unicellular forms mostly diatoms (e.g.,
Amphora); unicellular forms, mostly planktonic but loosely
attached with or without mucilage (e.g., Navicula) and small
colonial algae loosely or firmly attached by mucilage (e.g.,
Scenedesmus) (Philipose, 1967). This indicated greater
availability of decomposed organic matter for their coloniza-
tion in slurry-applied ponds. There was marginal increased
colonization of periphytic substrates in the subsurface waters
Page 6
by protozoans and rotifers, the protozoans showed higher
percentage representations in the surface waters in slurry-
applied ponds as compared to other treatments. In the present
study diversity indices were used to characterize species
abundance and their relationship in the pond ecosystems. The
highest periphyton diversity was recorded in treatment 4 for
both surface and subsurface waters of the pond ecosystems.
Results of this investigation provide information on variations
in species and community structure of different inputs of raw
and processed manures to pond ecosystems and it can be
regarded as ecological and environmental manipulations and
impact on the communities.

With no significant seasonal variations, the fluctuations in
compositions of periphyton among the treatments and the
depths specify the effects of the nature of the inputs. The extent
of differences between the periphyton counts in the surface and
bottom waters in the four treatments were 44.8%, 28.5%,
16.9% and 14.9%. Reduced penetration of sunlight due to
turbidity caused by the traditional manurial practice of cow
manure application could be causing the reduction in treatment
1, as also recorded by Philipose et al. (1976), uniform nutrient
availability in the water column in ponds under slurry
applications is also contributing to the observed pattern of
periphyton settlement (Asaduzzaman et al., 2010; Radhak-
rishnan and Sugumaran, 2010; Ahsan et al., 2014). The present
low-cost substrate based study showed higher populations of
periphyton in slurry-applied ponds on a mean basis.

5 Conclusion

With no information available on periphytic community
diversity in both cow manure and biogas slurry treated carp
culture ponds the present research was conducted to
demonstrate the advantages of biogas slurry applications over
raw cow manure applications which is an age old and
traditionally used manure in Indian carp culture. Manuring
with biogas slurry was done at three levels to standardize the
dose of applications of biogas slurry manure not commonly
used. In freshwater pond culture, application of organic
manure or inorganic fertilizers is applied under iso nitrogenous
basis to supplement 100 kgN and 50 kg P/ha/yr as also
experienced in agricultural systems. Adding up of both
fertilizer and manure leads to increased colonization and
abundance of the attached algal communities for achieving
better production levels. The mean periphyton counts in the
surface and subsurface waters of the fish ponds with
applications of cow manure at 10 t/ha/yr, urea at 100 kgN/
ha/yr and single super phosphate at 50 kg P/ha/yr in the first
treatment; biogas slurry at 15 t/ha/yr and inorganic fertilizers
as in the previous treatment in the second treatment; biogas
slurry at 30 t/ha/yr in the third and biogas slurry at 30 t/ha/yr
with supplementary feed were 333, 365, 407, 433/cm2/day and
230, 284, 348, 377/cm2/day, respectively. Higher counts were
observed in treatment 4, followed by treatments 3, 2 and 1
showing significant differences. The total numbers of species
at the surface level were higher in all the treatments were in the
ranges of 42–48 numbers and lower in subsurface level in the
ranges of 36–46 numbers. The periphyton counts and species
diversity in the surface waters were considerably higher
compared to subsurface levels in all the treatment. In order to
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increase carp production utilizing organic manures, environ-
mental manipulations were made under conditions where the
periphytic substrates were not provided. Information on
variations in species and community structure of periphyton
inputs of raw and processed manure biogas slurry where there
was a preponderance of epilithic algal forms that could be
harvested for secondary productivity to enhance carp
production through provision of suitable substrates.
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