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Ecological
Communication

Excessive Growth of Euglena sp. and its
Effect on Shallow-Water Ponds

Surajit Majumder®
Department of Zoology, Bankura Sammilani College, Bankura, West Bengal, India

The Bankura town of district Bankura, West Bengal, India is full of lentic water bodies like pond, reservoir and water
tank etc. In these lentic water bodies, some are perennial. Most of the rest waterbodies are seasonal. Out of these, a large
number of waterbodies are partly seasonal; that means, these waterbodies can retain the water to some extent during
winter to summer, but the water level become low due to various causes. We referred this type of waterbodies as shallow-
water pond. And the ultimate rest type of waterbodies is totally seasonal and get dried during winter to summer season.
Our point of interest is to compare between the perennial and shallow-waterponds of Bankura town. The fish yield from
the shallow-waterponds of Bankura town is quiet low. On the contrary, in the perennial ponds where the water depth
is minimum 3-4 metre, do not face this problem at all. Till today it is said that, in Bankura town the pisciculture is less
efficient due to various natural and anthropogenic causes. But the actual cause was unknown till date. After studying
various physico-chemical and hydrobiological parameters following standard methods of APHA we have observed
a remarkable change in these shallow-water ponds especially during that season. A rapid and exceptionally dense
accumulation of algae (Euglena sp.) was observed floating over these shallow-water ponds. This floating algal bloom is
hampering the pisciculture of Bankura town a lot by oxygen depletion. The correlation between dissolved oxygen and
pH was not showing significant result in shallow-water ponds but, showed totally significant result in case of perennial
ponds. The main aim of the study is to make the town dwellers as well as the pond owners of Bankura town aware about
the cause of low yield in these shallow-water ponds, so that they can overcome the problem.

ALGAL BLOOM, EUGLENA, SHALLOW-WATER POND, PERENNIAL POND, BANKURA TOWN.

Felices et al., 2020; Wato and Amare, 2020). Both lotic
and lentic inland waterbodies of freshwater ecosystem

About 71 percent of the Earth’s surface is covered with
water and the oceans hold about 96.5 percent of it. The
rest 3.5 percent exists in the air as water vapour; in rivers
and lakes as liquid; in icecaps, glaciers as solid and in
the ground as soil moisture. Out of this 3.5 percent only
2% we found as fresh water in the form of surface and
subsurface water bodies and are usable for both human
consumption and aquaculture. Water is essential for the
functioning of every single cell, tissue, organ and organ
system in all animals as well as human being also. It is
observed, during the last several decades the water quality
of the Indian water bodies has been deteriorating, due
to continuous discharge of industrial, agricultural and
domestic sewage (Majumder and Dutta, 2014; Lopez-
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are being subjected to constant environmental stress
(Goswami et al., 2017; Borics et al., 2021).

Ponds are useful in many ways, as it is the most common
source of open freshwater. The main nutritional cycles of
an aquatic ecosystem are constituted by phytoplankton
as these are the only primary food for many organisms,
such as fish, crustaceans and shellfish (Goswami et al.,
2017; Borics et al., 2021). These planktons can also act as
indicators of trophic status of water bodies. Freshwater
zooplankton is also an important component of an
aquatic ecosystem and plays a crucial role for maintaining
the chain of the ecosystem as they maintain the link
between the producer and primary consumer. So, the
distribution of both phyto as well as zooplanktons and
the level of their abundance are useful for calculating the
potentiality of a water body from fishery point of view
(Majumder, 2020).



It is known to all that, Bankura district is one of the
backward districts of West Bengal. Still Bankura has
ranked first in pisciculture (particularly in spawn
production), as the whole Bankura district contains
large number of waterbodies than the other districts of
West Bengal (according to the Office of the Additional
Director of Fisheries, Bankura, West Bengal, India; www.
bankura.org.in/site/Fisheries.htm). But in case of Bankura
town some ponds are perennial and most of the rest
waterbodies are seasonal. Out of these seasonal ponds of
Bankura town, a large number of waterbodies are partly
seasonal; that means, these waterbodies can retain the
water to some extent during winter to summer.

And the water level become low due to various causes.
We referred this type of waterbodies as shallow-water
pond. And the ultimate rest type of waterbodies is
totally seasonal that get dried during winter to summer
season. We compared the values of physico-chemical and
hydrobiological parameters of perennial and shallow-
water ponds of Bankura town to know the actual cause
of low yield of fish production. This study has been done
to make the town dwellers as well as the pond owners
of Bankura town aware about the fact of low yield in
these shallow-water ponds (Majumder et al., 2019b). For
the rapid growth and development of different organs
of fish, zooplanktons provide the necessary amount
of protein; and the zooplanktons themselves get their
nutrients from phytoplanktons of the water body (Islam
and Bhuiyan, 2007; Anton-Pardo and Adamek 2015;
Radhakrishnan et al., 2019). The Rotifers, one of the well-
known zooplanktons that play a significant role in the
food chain of pond ecosystem and became a pollution
indicator or water quality monitor (Kamble and Meshram,
2005; Majumder et al., 2019b).

A eutrophic condition was observed due to excessive
growth of Euglena sanguinea, a microalga that inhabits
freshwater habitats throughout the world. In his species
large amounts of the red xanthophyll astaxanthin (Ast)
have been reported to occur (Frassanito et al., 2008;
Wotowski, 2011; Guiry, 2017). By 2018 onwards report of
dense growth of planktonic algae of one or few species
came to know imparting a distinct colour to the water
body, that is referred to as algal blooms. This universal
phenomenon was termed as flowering of the water
(Guiry, 2017; Majumder et al., 2019b).

Bloom formation was attributed to the algal genera
belonging to the classes Bacillariophyceae, Chlorophyceae,
Cyanophyceae, Dinophyceae, and Euglenophyceae.
These water bodies were studied for different physico-
chemical parameters and the plankton analyses were
also conducted to study the dominance of Euglena in
water bodies. Very high concentrations of organic matter
and phosphates were the chief features of the pond’s
waters having Euglena blooms (Date et al., 2018). From
2019 onwards harmful algal bloom (HAB) namely red
tide were reported to cause change in water colour of
sea which has a serious impact on environment along
the coast and aquatic ecosystem (Zohdi and Abbaspour,
2019; Gokul et al., 2020). Review article of 2020 disclose

the methods of algal control (Fentie, 2020). But what
happens to those pond (perennial and shallow-water)
ecosystems, most importantly the changes taken place
in physico-chemical and hydro-biological parameters are
still unknown. And is there any relation between algal
growth of pond and pisciculture is also unknown. This
work may give some light to know the relation between
algal growth and fish yield.

Study Area: Figure 1 shows both Type I (perennial) and
Type II (shallow-water) ponds of Bankura town of district
Bankura, West Bengal, India. The total fieldwork was
carried out consecutively for six months from January
to June, 2020 at two different sites (Type I and Type II
ponds) of Bankura town (Figure: 2 to 4). Figure 2 shows
both these two sampling sites are located at two different
sideds of Dwarkeswar river at Bankura. Actually, the
Type I ponds are well managed for aquaculture and these
ponds are perennial (water retains throughout the year
up to 4 to 5 metre depth) in nature. On the other hand,
the Type II ponds are not well managed for aquaculture
purpose and retain shallow water depth up to one metre
or so.

These Type Il ponds are located throughout the Bankura
town. Figure 3 shows pond Daser Bandh (located at
23°12’54”"N and 87°2’12"E), Rajgram, Bankura [beside
Bateswar Temple] and this is a Type I (pond with yellow
marking in Figure 2 and 3) pond. Figure 4 shows pond
Natun Bandh (located at 23°13’35”N and 87°3’4"E),
Kankata, Bankura and this is a Type II (pond with red
marking) pond. For the analysis of physico-chemical
and hydrobiological parameters the water samples were
collected in the morning between 6 to 7 AM from each of
two collection sites. The hydrogen ion concentration (pH),
dissolved oxygen, free and dissolved CO, were determined
following standard methods of APHA-AWHA-WPCF
(2005). The values were compared with standard values
of BIS (Bureau of Indian Standards, 2003; Khanna and
Bhutiani, 2008). A Celsius thermometer (scale ranging
from 0°C to 100°C) was used to measure air and surface
water temperature. For measuring intensity of light, the
Digital Lux meter (HTC, Model No. LX-101A, Range 0 to
2,00,000) was used. pH of water was measured directly
using a digital electrode pH meter (Systronics, Model
No. SYS-335).

The planktons were collected with a modified nylon
bolting silk plankton net (No. 25 mesh size 50u) with
a round metallic frame of 0.625 sq.m. area was used
for collection of planktons. Collected samples were
transferred to the labelled vials which contain 5%
formalin solution. The plankton was observed and
documented using Magnus Trinocular Microscope (Model
MLX TR) attached with Nikon Coolpix Camera. During
the laboratory experiment, most chemicals used (Merck,
India) for analysis of the physico-chemical parameters
were with highest purity available or of analytical
AR grade. Statistical analysis was done by MS Excel,
2007.

871 EFFECTS OF EUGLENA SP. IN POND WATER

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS



Table 1. The physico-chemical and hydro-biological parameters of two different types of
productive ponds of Bankura district of WB, India from January to June, 2020 are being
summarized here. The values of different physico-chemical parameters are Mean + S.E. where
N=12.

Majumder

Sampling sites — Type I Pond Daser Type II Pond BSI
Parameters observed | bandh of Rajgram, Natun bandh, standard
Bankura Kankata, Bankura

(High productive) (Less productive)
Average water depth (metre) 0.75-1.15 3.45-4.34 -—
Latitude 23°12’54”N 23°13'35”N -
Longitude 87°2'12"E 87°3’4"’E --=
Air Temp (°C) 29 + 5.2 29 + 3.4 -—-
Water Temp (°C) 25+ 3.6 22 + 2.5 < 40°C
Light intensity (Lux) (349-943)x100 (768-1111)x100 -—
pH 7.33 + 0.71 6.14 + 0.54 6.5 -8.2
Dissolved O, (mg/L) 5.00 + 0.25 2.64 + 0.79 Upto 6.0
Free CO, (mg/L) 355 + 26.5 372 + 28.1 -
Dissolved CO, (mg/L) 330 + 34.6 405 + 38.6 -

Qualitative analysis
of plankton

Planktons observedin
moderate to high amount

Huge number of -—-
plankton (mainly

Euglena sanguinea)
observed

Table 2. Correlation matrix among the physico-chemical parameters of Type I pond water
during January to June, 2020.

Parameters pH Dissolved O, (mg/L) Free CO, (mg/L)
Water Temp (°C) -0.961** -0.929** 0.912**
(p value 0.00001) (p value 0.000013) (p value 0.000036)
pH - 0.803** -0.746**
(p value 0.001661) (p value 0.005335)
Dissolved 0, (mg/L) - -0.817**

(p value 0.001178)

**= Correlation is significant at p<0.01 level, *= Correlation is significant at p<0.05 level, N=12

Table 3. Correlation matrix among the physico-chemical parameters of Type II Pond water

during January to June, 2020.

Parameters pH

WWater Temp (0C) -0.705*
(p value 0.010447)

pH -

Dissolved 02 (mg/L)

Dissolved O, (mg/L)

-0.756**

(p value 0.004445)
0.819*

(p value 0.001119)

Free CO, (mg/L)

0.789**

(p value 0.002283)
0.647*

(p value 0.022962)
-0.619*

(p value 0.031863)

**= Correlation is significant at p<0.01 level, *= Correlation is significant at p<0.05 level, N=12
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RESULTS AND DISCUSSION

The pH values were recorded here ranging from 6.14 to
7.33 (Table 1) at Type I and Type II ponds respectively;
both the values are marginally acidic to neutral. The
water temperature of Type I and II pond water showed
negative correlation with water pH (r=-0.961, p<0.01 and
r=-0.705, p<0.05 respectively) (Table 2 and 3). The water
temperature of both the ponds water shows negative
correlation with dissolved 02 (r=-0.929, p<0.01 and r=-
0.756, p<0.01 respectively). But the water temperature
of both the pond waters showed positive correlation
with free CO, of water (r=0.912, p<0.01 and r=0.789,
p<0.01). The pH values of both pond waters also showed
positive correlation with dissolved O, (r=0.803, p<0.01
and r=0.819, p<0.01 respectively). These findings are
comparable with several workers in their studies on
different water bodies (Rai and Gary, 1980; Shardendu
and Ambashth, 1988; Sinha, 1995; Zang et al., 2011;
Liu et al., 2020).

It is also known that the dissolved oxygen (DO) plays
a crucial role in sustaining flora and fauna in aquatic
ecosystem. Among the two ponds, the pond of Daser
bandh of Rajgram, Bankura showed the highest (5.00 +
0.25 mg/L) level of DO in comparison to the other pond
water (2.64 + 0.79 mg/L) (Table 1). A moderate number
of phyto as well as zooplankton were observed in Type I
ponds but in Type I or the less productive ponds possess
comparatively huge amount of Euglena sp (Figure 5, 7, 9
and 10). As the timing of water collection was between 6
to 7 AM; the level of DO was lower due to low intensity of
sunlight. The value of light intensity was measured (from
349 to 943)x100 Lux in Type I ponds and (from 768 to
1111)x100 Lux in Type II ponds. The pond surroundings
were full of trees in case of Type I ponds, whereas in Type
II ponds the pond surroundings were devoid of plants.
Furthermore, the algal bloom of the phytoplankton
showed a blanketing effect on the Type Il Pond, thereby
preventing the penetration of sunlight into the pond
water. It greatly affected the growth of beneficial algae
by hampering photosynthesis. As a result, DO level was
depleted in Type II ponds (Majumder et al., 2019a and
Liu et al., 2020).

Figure 1: Two different types of ponds are observed at
Bankura town

Type I (perenmial) pond of Rajagram, Bankura

Type II (shallow-water) pond of Kankata, Bankura

Dissolved and free CO, in water plays an important role
in maintaining the aquatic life. Main sources of carbon
dioxide are respiration of aquatic organisms and also

mixing of atmospheric CO, with the pond water. Due to
the high affinity of CO, towards water, they can react
to form carbonic acids and carbonates which alters the
pH of water. The pH values of Type I and II pond water
showed both negative and positive correlation with free
€O, value of pond water (r=-0.746, p<0.01 and r=0.647,
p<0.05 respectively) (Table 2 and 3). In this study no
such remarkable change was observed (Table 1) in free
and dissolved CO, values. But the DO value of Type I
and II pond water showed negative correlation with free
CO, of water (r=-0.817, p<0.01 and r=-0.619, p<0.05
respectively) (Liu et al., 2020).

Figure 2: Two sampling sites (marked red and yellow oval)
at the two different sided of Dwarkeswar river of Bankura
town. Type I (Yellow) and Type II (Red)

Figure 3: Daser Bandh (23012’54”N and 8702’12”’E),
Rajagram, Bankura [beside Bateswar Temple]

- - 3 s

Twype I {(pond with vellow marking)

Figure 4: Natun Bandh (23013’35”N and 8703’4”’E),
Kankata, Bankura

- e =

e 2
Tvpe II {(pond with rad marking)

Planktons Observed: The study of plankton is necessary
in fisheries and aquaculture research as it provides food
for fish in freshwater lakes and plays a major role in fish
production. Zooplanktons are heterotrophic planktonic
organisms floating in water. They are delicate aquatic
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organisms and some of them are very weak swimmers.
They contribute significantly to biological productivity
of freshwater ecosystem. They serve as good indicators
of change in water quality, because it is strongly
affected by the environmental conditions and it quickly
responds to change in environmental quality (Guy, 1992;
Majumder et al., 2019b; Majumder, 2020). The freshwater
zooplanktons constitute mainly Cladocera, Copepods,
Rotifers, Ostracods, Protozoans and larva.

Figure 5: Four different ponds of Type I, their zooplanktons
and huge fish yields

Among zooplanktons, the cladocera are the dominant
group. This group is represented by Daphnia sp., Moina
sp., Ceriodaphnia sp. and Bosmina sp. As per Murugan
et. al., (1998) this group feeds on smaller zooplankton,
bacterio-plankton and algae and they are highly
responsive against pollutants. Cladocera are important
food source for fry, fingerlings and adult of many
economically important fish species. Cladocera were
observed in both the two types of ponds but upto 13% in
Type I ponds and only 2% in Type Il ponds (Figure 9 and
10). Growth of Cladocera also been observed upto 18-25
% in Indian ponds (Majumder 2020; Sakhare and Chalak
2020). Copepoda comprises of the third most abundant
group of zooplankton & this group is represented by
Cyclops sp. and Diaptomus sp. Depending on the feeding
habits there are three orders of copepods. Copepods
of the order cyclopoida are the most important food

Majumder

Figure 6: Eight different ponds of Bankura town of Type
II along with algal bloom on the water surface

items in freshwater aquaculture and their Nauplius is
especially valuable for feeding fry (Wojciech et al., 2004).
Cyclopoid copepods are commonly carnivorous who live
on other zooplankton and fish larvae, though they also
feed on algae, bacteria and detritus also. Copepoda were
observed in both the two types of ponds but upto 51%
in Type I and only 4% in Type Il ponds (Figure 9 and
10). Increased level in number of Copepoda also been
observed in ponds of Bankura (Majumder et al., 2019b;
Majumder 2020).

Rotifers are the most important soft-bodied invertebrates
having a very short life cycle among the zooplanktons.
These are globally recognized as pollution indicator
organisms in the aquatic environment (Kamble and
Meshram, 2005). Rotifers occasionally become plenty
when sufficient food is available and it can obtain
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population density of over 5000 individual/L. Quantitative
exploration during the period of study showed that the
family Branchionidae exhibit maximum diversity of
species (Joshi et al., 2015). Rotifers were observed in
both the two types of ponds but upto 21% in Type I
and only 7% in Type II ponds (Figure 9 and 10). The
decreased number of Rotifers from perennial to shallow-
water pond indicates the fact of low yield in pisciculture
(Sakhare and Chalak 2020; Majumder 2020). The most
dominant rotifer is Brachionus sp. It is illustrated by 4
species; among them Brachionus bidentata was found to
be the predominant species. Brachionidae an important
family of monogonont Rotifera and of the Rotifer fauna
of India has received relatively more attention of the
Indian workers relying on limnetic collections (Sharma
and Sharma, 2014, Majumder 2020).

Figure 7: Planktons mainly found (Euglena sanguinea) in
Type II ponds

ad v #
Algal bloom of Euglena sp. collection with plankton net and

kept in container for study under microscope

Bt = Pod2 deen™

Planktons observed (50x zoom)Planktons observed (100x zoom)

Planktons observed (400x zoomPlanktons observed (1000x zoom)

Figure 8: Due to excessive growth of Euglena sanguinea fish
yield decreases a lot in Type II ponds of Bankura town

Ostracods are small, poorly-segmented Crustacean in
which the body parts are enclosed within a calcareous
bivalve carapace. Ostracoda comprises of the least
abundant group of zooplankton and this group is
represented by Cypris sp. and Heterocypris sp. Ostracods
are mainly bottom dwellers of lakes and live on detritus
and dead phytoplankton. These organisms are food of

fish and benthic macro-invertebrates (Chakrapani et. al.,
1996). Ostracods were observed in both the two types
of ponds but upto 13% in Type I and only 5% in Type
II ponds (Figure 9 and 10). The decreased number of
Ostracods from Type I to II pond indicates the fact of
low yield in pisciculture (Majumder 2020). As ostracods
occur in almost all aquatic habitats, the extreme antiquity
of the group and the preservation of their valves in a
wide variety of depositional environments make them
an important tool in both palacoecological and bio
stratigraphic analysis (Armstrong and Brasier, 1980).

Figure 9: Planktons observed in Type I ponds

Protozoans
2%
Ostracods Cladocerans
kLY
lsoﬂ __\ l-. [+ ]

Copepods
S51%

Figure 10: Planktons observed in Type II ponds

Clad::erans Copepods
Farl
r'““ Rotifers
Tos
/_Ostracnds

5%

Protozoans
82%

Some of the most common protozoa that can be found are
Euglena sp., Chlamydomonas sp., Phacus sp. etc. Protozoa
mainly Euglena sp. showed very dense population (82%)
in Type II ponds whereas only 2% observed in Type I
ponds. Euglena sanguinea is generally cylindrical with
a blunt pointed end. This alga is found in fresh water
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environments all over the planet. Like many other
members of the algae (Protists subgroup) it seems to
be capable of both sexual and asexual reproduction. It
produces an interesting compound toxic to many fish
species, and can also overgrow under certain conditions
also leading to fish death (Grung and Liaaen-Jensen,
1993; Gerber and Hader, 1994; Paul et al, 2010).
Understanding this microorganism is very important to
fishing and fish-farming industries because under certain
conditions these algae can have a detrimental impact on
its surroundings (Zimba et al., 2004; Zohdi, 2019). They
are capable of altering their shape, especially during
motility: for example, they can extend their length up
to ten times their width (Majumder, 2020).

They have a retractable flagellum, that remains mostly
within the cell body, even when it is fully extended. They
have also been noted to have granular eye spots of many
varieties. They have been shown to reproduce asexually
by mitosis. The photosynthetic algae are the autotrophs
containing chlorophyll and an accessory pigment namely
astaxanthin (a carotenoid). The accessory pigment
prevents the cell’s chloroplast from being overwhelmed
under excessively bright conditions. The cells will appear
red when utilizing this accessory pigment and green
when these pigments are retracted into vesicles. This
alga produces a compound known as euglenophycin that
exhibits ichthyotoxic, herbicidal and anticancer activity
at low ppm to ppb dosages (Paul et al., 2010). Actually,
ichthyotoxic means toxic to fish. Fuglena sanguinea a
protist that is found in freshwater environments all over
the world (Majumder, 2020).

Some researchers suggested that the toxin functions as a
neurotoxin based upon the behavioural changes. Juvenile
catfish exposed to cultures of the algal isolates died within
2h of exposure (Zimba et al., 2004). Some euglenophyte
species have been reported to be red or to have the
ability to become red with Euglena sanguinea. Euglena
sanguinea is a microalga that inhabits eutrophic lentic
freshwater habitats throughout the world (Wotowski,
2011; Guiry, 2017). It was originally described from a
blood-coloured water sample from Silesia, although it
was noted that cells were at first green and then red
(Laza-Martinez et al., 2018). Present study revealed that
Euglena sp. grows enormously in shallow-water ponds
during winter to summer season. These algae produce
a compound known as euglenophycin. The compound
euglenophycin exhibits ichthyotoxic compound; means
toxic to fish. Euglena sanguinea a protist that is found
in freshwater environments all over the world (Laza-
Martinez et al., 2018).

CONCLUSION

Present study revealed that Euglena grows enormously
in shallow-water (not in perennial) ponds during winter
to summer season which creates oxygen depletion
leading to mass mortality of fish. Actually, Euglena
cannot be mechanically or physically controlled, except
by replacing the pond water which is not a practical
option for most pond owners. Still, some of them are

Majumder

doing so along with aeration at night for several days.
This may help to control the oxygen depletion. Rather
the fish farmers can take necessary steps to reduce the
algal growth in the pond by controlling the mixing of
phosphate rich nutrients and effluents of agricultural
land nearby the pond.
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