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ABSTRACT

As harmful effects of euglenophytes bloom on fish production, three experiments were
conducted to investigate the management of euglenophytes bloom in fish ponds and its
effect on the growth of common carp (Cyprinus carpio L.) as an algal meal during
2010-2012 in Rajshahi district, North-west part of Bangladesh.

The first experiment was conducted to investigate the relationships of euglenophytes
bloom to environmental factors in nine fish ponds for twelve months from July 2010
to June 2011. Among the ponds, three ponds with bloom were selected at Raighati in
Mohanpur Upazila (BP-R), another three ponds with bloom at Yusufpur in Charghat
Upazila (BP-Y) and three non-bloom ponds (NBP) at Meherchandi in Motihar Thana.
The environmental factors (water temperature, dissolved oxygen, pH, NO3-N, NH4-N,
PO4-P, Fe, Zn, Mn and Cu), soil organic matter, and planktonic algal community and
density were examined monthly by using standard methods. There was no significant
difference in water temperature among the study ponds (BP-R, BP-Y and NBP) but
significantly lower dissolved oxygen and pH, higher concentrations of NOs3-N,
NH4-N, POs-P, Fe, Zn, Mn, Cu and soil organic matter, higher density of
euglenophytes, and lower density of cyanophytes, chlorophytes and bacillariophytes
were recorded in BP-R and BP-Y as compared to NBP (P<0.05). The euglenophytes
were occurred by three genera, Euglena, Phacus and Trachelomonas among which
Euglena was the dominant genus. The density of euglenophytes in the bloom ponds
showed an increasing trend from September (early autumn) and peaked in November
(late autumn) and December (early winter). The density of these algae showed
negative correlation with water temperature, dissolved oxygen and pH while positive
correlation with NO3-N, NH4-N, PO4-P, Fe, Zn, Mn and Cu concentrations (P<0.05).

In second experiment, an attempt was made to investigate the management of
euglenophytes bloom by using duckweed and lime for five months from August to
December 2011 in twelve euglenophytes bloom forming ponds at Raighati, Mohanpur
Upazila under four treatments such as T1 (the ponds treated with duckweed), T2 (the
ponds treated with lime), T3 (the ponds treated with both duckweed and lime) and T4
(the ponds without duckweed and lime) with three replications. The study ponds were
stocked with the fish species comprising Labeo rohita, Catla catla, Hypophthalmichthys
molitrix, Puntius gonionotus and Cirrhina mrigala at 60/dec. Water quality parameters,
soil organic matter, algal community and density, and growth performances (in terms of
mean weight gain, average daily weight gain and specific growth rate), gut contents and

electivity index of the fishes were examined by using standard methods. The results
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showed that use of duckweed and lime in the euglenophytes bloom forming ponds had
positive effects on water quality parameters, soil organic matter, euglenophytes density
and growth of fish. Better water quality, lower density of euglenophytes and higher
growth of fish were recorded in T3 as compared to other treatments (P<0.05). The
results of the gut contents and electivity index revealed that grazing of fish had no

significant effects in controlling euglenophytes bloom.

The third experiment was conducted to investigate the effects of euglenophytes algae
supplemented feed on the growth and carcass compositions of common carp (Cyprinus
carpio L.) for 12 weeks feeding trail from August to October 2012. Four feeds
containing 0 % (Feed-1, Control feed), 20% (Feed-2), 30% (Feed-3) and 40% (Feed-4)
euglenophytes algae were used in combination with conventional fish feed ingredients
(Rice bran and mustard oil cake). The study was carried out in 12 glass aquariums at the
wet laboratory of the Department of Fisheries, University of Rajshahi, Rajshahi under
four treatments such as T1(the fish group fed with Feed-1), T2 (the fish group fed with
Feed-2), T3 (the fish group fed with Feed-3) and T4 (the fish group fed with Feed-4)
with three replications. Nutritive values of euglenophytes algae and experimental feeds,
physico-chemical parameters of water, growth performance and feed utilization (in
terms of mean weight gain, average daily weight gain, specific growth rate, feed intake
and feed conversion ratio) and carcass compositions of fish were examined by using
standard methods. The chemical analysis showed that euglenophytes algae contained
average 49.64% crude protein, 14.40% crude lipid, 15.96% total carbohydrate, 9.29%
moisture and 10.41% ash, and the experimental feeds (four combinations) had different
nutritional value. During the study period, physico-chemical parameters of water among
the treatments did not show any significant difference (P>0.05) and remained within the
suitable ranges for fish growth. The results showed that euglenophytes algae
supplemented feeds had positive effects on the growth and carcass compositions as
compared to the control feed. Significantly higher growth, improved FCR and better

carcass nutrients recorded in T3 as compared to other treatments (P<0.05).

The findings of the present research indicates that higher concentrations of nutrients and
heavy metals under lower water temperature, dissolved oxygen and pH are responsible
for euglenophytes bloom; use of both duckweed and lime is better for management of
euglenophytes bloom; and euglenophytes algae could be used as a feed ingredient and
30% supplementation of these algae in the conventional feed is better for growth and
carcass nutrients of common carp. More comprehensive investigations are required in
long-term basis and future design including more ponds/aquariums would increase the

statistical power in order to base conclusions on the effect of different treatments.
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General Introduction




Chapter One

GENERAL INTRODUCTION

Fishes and fisheries have been linked to the development of the human’s earliest
civilization. Even since, the fishes have been of considerable nutritional
importance and human society has been extended to culture aspects of food,
behaviour, belief and religion (Kreuzwe, 1974). Fishes have great significance in
the live of mankind, being the most important and cheap source of protein and

providing certain useful products for human worldwide including Bangladesh.

Bangladesh is a land of rivers. It lies in the north-eastern part of south Asia,
between 20° 34" and 26° 38" North latitudes and 88° 01" and 92° 41" East
longitudes. The country is surrounded by India on the west, the north and the
north-west, Myanmar on the south-east and the Bay of Bengal on the south.
Except a few part of hilly regions in the north-east and the south-east, some
areas of high lands in north and north-west parts, the basic characteristics of the
land of the country are low, flat and fertile. The total area of the country is
147,570 sq km (BBS, 2008). It is the most densely populated country of the
world. But, this country is endowed with an abundance of water bodies filled
with diversity of fish species and is blessed with more or less unique aquatic

environment for fisheries resources advancement.

1.1. Fisheries resources in Bangladesh

Fisheries in Bangladesh comprise inland capture, inland culture and marine
capture fisheries. The inland capture fisheries exploit open water areas of rives
and their tributaries, estuaries, the Sundarbans mangrove forest area, permanent
wetlands and seasonal flood plains. The inland culture fisheries include
production from closed water bodies such as ponds and ditches, oxbow lakes,

baors, and coastal and inland shrimp and fish farms. The marine capture
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fisheries comprise industrial and trawl fisheries and small scale artisanal
fisheries by coastal fisher communities. There are huge water resources
scattered all over the country in the form of rivers and estuaries (8.53 lakh ha.),
beels (1.77 lakh ha.), baors (8556 ha.), ponds (3.50 lakh ha.) Kaptai lake (68800
ha.), Sundarbans (2.0 lakh ha.) and floodplains (28.30 lakh ha.) (DoF, 2011).

Relative share of different water bodies in Bangladesh is shown in Figure 1.1.

Sundarbans Shrimp farms Semi-closed
3.81 5.29 water bodies

Kaptia lake L 0.47
1.48

Ponds
7.55

Baors
0.19

)

Beels
2.45

.

Floodplains
60.42

Rivers and
estuaries
18.38

Figure 1.1: Relative share (%) of different water bodies in Bangladesh
(Source: DoF, 2011)

Due to suitable environment, the water bodies of this country provide the
richest grounds for fish biodiversity (Mazid, 2002). The country abounds in a
large variety of fish species which include 260 indigenous freshwater fish
species, 24 species of freshwater prawn, 475 species of marine fish, 36 species
of marine shrimp and 12 species of exotic fish (DoF, 2011). There are 93
species of exotic fish introduced in the country of which 18 were introduced for

culture fisheries and the rest for aquaria.
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Inland fisheries are the major source of fish to meet the nation demand. Carps,
catfishes, snakeheads, live fishes, Hilsha fishes and small indigenous fishes are
the most important fisheries in commerce (FAO, 2007). Due to favourable
climatic conditions, the water bodies of this country have great potential to
produce enough fish for food, increasing income and livelihood of the rural

population of the country.

1.2. Fish production potential in Bangladesh

The country enjoys a sub-tropical climate, fertile soil and water more or less
ideally suited for fish production. In the overall agro-based economy of the
country, the contribution of the fisheries is very promising and important.
Fisheries is one of the rich potential sector of agriculture and over the last three
decades aquaculture has developed to become the fastest growing food

producing sector in the world as well as in Bangladesh.

Fisheries sector has been gradually gaining higher position in the developing
economy of Bangladesh since last few years (Shafi, 2003). The inland fisheries
of Bangladesh is one of the most productive resources in the world. In terms of
overall production, Bangladesh ranks third in inland fish production among the
countries of the world (Islam, 1989). In regarding animal protein supply,
employment generation, foreign currency earning, poverty alleviation and

economic development, fisheries play a unique role.

Fisheries play a vital role in national economy and contribute 3.74% of the
GDP, 22.23% to the agriculture products and 2.70% to the export earnings
(DoF, 2011). In 2009-2010, the highest ever export earning of Tk. 3408.51
crore was earned through the export of shrimp and fish products (DoF, 2011).
The total fish production in 2009-2010 was 2.9 million tons. About 14.5 million
people are directly or indirectly involved in this sector which is increasing

approximately by 3.5% annually.
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The average fish production was calculated as 103 and 3253kg/ha. for capture
and culture fisheries, respectively. The growth rate of production from 2000 to
2010 gradually increased. From 1999 to 2010, capture fisheries declining nearly
to 93988 mt (8.63%) pre year, whereas culture fisheries increase 8.93% and
combined total fish production increase by 8.93%. Percentage contributions of

fish production in capture, culture and marine fisheries is shown in Figure 1.2.

Marine
fishereis
17.85

Inland culture
46.62

Inland capture
35.53

Figure 1.2: Percentage contributions of fish production in capture,
culture and marine fisheries (Source: DoF, 2011)

Notwithstanding Bangladesh possesses vast and invaluable inland water bodies,
the total production of fish from capture fishery are being reduced rapidly due
to indiscriminate harvesting of fish, pollution by agro-chemical and sewage
effluents, constructions of unplanned flood control devices (Ali, 1991).
Concurrently, aquaculture production increased due to the development and
implementation of improved culture techniques and expansion of the pond
aquaculture (Alam and Thomson, 2001; Gupta et al., 1999). But, the growth
rate of fish production in our country is not coping with the ever-increasing
growth of population as a result the per capita fish consumption rate has shown
a declining trend in recent years. Thus the nation’s of total area of waters

having fish production potential is of very great importance.
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With more than 95% of population being fish eaters and the present level of
production inadequate to feed the local population, the production levels have
to be expanded both horizontally and vertically to meet the demand.
Interestingly, the area still available for aquaculture is larger than the area under
aquaculture, providing opportunities for increasing in production through lateral

expansion (Munilkumar and Nandeesha, 2007).

1.3. Aquaculture: Production factors and environmental issue

Aquaculture has a low-energy expenditure and high-protein yield in comparison
to other agricultural sectors. It has gained a momentum throughout the world
during recent decades, which is probably unparalleled in other branches of food
production. Pond aquaculture, the common existing fish framing system of
Bangladesh, has tremendous potential as evidenced in various studies (Khan,
1985; Ahmed, 1992). But, it has not yet been able to meet up the total
requirement of fish for consumption in spite of the increasing tendency of
aquaculture practices. Environmental degradation, absence of sound management
policies, lack of entrepreneurship in modern aquaculture, inadequate extension

support to fish farmers etc. are the main factors responsible for this situation.

Since aquaculture production is affected by multiple factors, many characteristics
should be measured and analyzed to explain production. Water quality, seed
quality, stocking density, season, culture system, feeding etc. are the important
factors affecting the aquaculture production. Moreover, development of scientific
aquaculture depends on the limnological information, nutrient availability,
knowledge of planktonic algae and their relation to each other. The value of
planktonic algae in a water body, forming the basic link in the food chain of fish,
has been well recognized. The quality and quantity of planktonic algae are both
equally important for fish production. Water quality is also dependent on the
abundance of planktonic algae. However, proper management of all these factors

is essential for successful aquaculture.
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Inspite of great potential, unfortunately, environmental degradation due to natural
events or human activities create various problems for aquaculture in
Bangladesh. Among different environmental problems, eutrophication is a
growing inclusive problem in large number of inland waters like ponds and lakes.
It is considered as one of the most pressing environmental problems in both the
developed and the developing countries (Harper, 1992; Ryding and Rast 1989).
Decomposition of organic wastes and unutilized feeds plus direct application of
fertilizers are the major sources of eutrophication in aquaculture pond. A
common symptom of pond or lake eutrophication is the appearance of large
number of algae. Algae represent the important nutritive base and have a
significant effect on the biological productivity of a water body. But, they are

considered to be disastrous in the pond or lake when in bloom.

1.4. Algal bloom: Causes and types

Algae in the form of microscopic plants are called “phytoplankton” and develop
in a wide variety of shapes and forms. Various types of algal populations quickly
develop in fertile waters under suitable environmental conditions. Development
of high concentration of algal populations turn water a green or blue green or red
colour referred to as a bloom. Dense algal blooms near the surface of water
bodies may resemble a layer of green or blue green or red paint (Plate 1.1). These
natural phenomena result from the addition of plant nutrients (principally
phosphorus and nitrogen) to water. Nutrients may be added to waters
intentionally, as in the case of ponds that are fertilized or where fish are fed to
augment fish production. In many cases, algal blooms are the unwanted results of
unintentional nutrient additions. Nutrients may also reach to the ponds through
runoff from fertilized lawns or pastures and from the wastes of livestock or
poultry. Poorly functioning septic systems are another common source. Not all
algae problems result from human actions. Some soils and waters are naturally

rich in plant nutrients.
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Plate 1.1: The algal blooms in freshwater body

The geographic distributions as well as the intensity of algal blooms have
increased (Hallegraeff et al., 1988). Among different classes of algae,
euglenophytes and blue-green algae often become the dominant types of algae in
nutrient rich waters during winter (Kim and Boo, 2001; Park and Chung, 1996)
or summer and spring (Jewel et al., 2006; Jahan et al., 2010). Based on their
effects, there are three major categories of algal bloom frequently observed in
fresh water and marine environment. One: algal blooms like euglenophytes
which produce harmless water discolouration but under certain conditions
blooms can grow so dense that cause mass mortality of fish due to oxygen
depletion as the bloom decay. Two: algal blooms which produce potent toxic
compounds causing huge mortality of fish and other aquatic animals (Brown and
Boyd, 1982 and Armstrong et al., 1986) and these toxic compounds can also find

their way through the food chain to human body causing a variety of
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gastrointestinal and neurological illness. Three: algal blooms which are non-toxic
to human in most cases but harmful to fishes especially in intensive aquaculture

system by intoxication, damaging or clogging of gills.

1.5. Euglenophytes: Phylogeny, morphology and biology

Euglenophytes are unique unicellular or single-celled organisms with both plant
and animal features. Typified as a member of the protozoan order, Euglenida is
classified as a member of the algal division, Euglenophyta. The systematic

classification of Euglenida is given below.

Domain: Eukaryota
Kingdom: Excavata
Superphylum: Discoba
Phylum: Euglenozoa
Class: Euglenoidea
Order: Euglenales
Family: Euglenaceae
Genus: Euglena Ehrenberg, 1830
Trachelomonas Ehrenberg, 1835
Phacus Dujardin, 1841

Euglenoids possess elongated cell with one nucleus, pigmented chloroplasts, a
red eyespot, a contractile vacuole and flagella (Plate 1.2). Several species
produce breathing vesicles. Euglenoids ingest food into the gullet. Euglenoids
are elliptical bodied with pear-shaped anterior and slender posterior. They lack
a cell wall (an outer membrane containing cellulose). Instead, it has a pellicle
made up of a protein layer supported by a substructure of microtubules,
arranged in strips spiraling around the cell. The action of these pellicle strips

sliding over one another gives Euglenaits exceptional flexibility and



http://en.wikipedia.org/wiki/Eukaryota
http://en.wikipedia.org/wiki/Excavata
http://en.wikipedia.org/wiki/Discoba
http://en.wikipedia.org/wiki/Euglenozoa
http://en.wikipedia.org/wiki/Euglenid
http://en.wikipedia.org/wiki/Euglenales
http://en.wikipedia.org/wiki/Euglenaceae
http://en.wikipedia.org/wiki/Christian_Gottfried_Ehrenberg
http://en.wikipedia.org/wiki/Christian_Gottfried_Ehrenberg
http://en.wikipedia.org/wiki/Protozoa#Pellicle
http://en.wikipedia.org/wiki/Microtubule
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contractility (Moselio, 2011). The pellicle enables them to retain their shape.
The nucleus is prominent in euglenoid cells and often readily visible in living

individuals in the center or posterior of the cell.

MNucleus
Mucleslus

Flagellum

Stigma
(eyespot)

Paolysaccharides
stored by
photosynthesis
Contractile

vacuole

Photoreceptor
(paraflagellar body)

Plate 1.2: The diagram of Euglena sp. (Source: Encyclopedia )

Like plants, Euglena to derive their characteristic green tint from the
chloroplasts present in their cells. The chloroplasts are discoid-lenticular,
shield-shaped or ribbon like and contain pyrenoids, used in the synthesis
of paramylon, a form of starch energy storage enabling Fuglena to survive
periods of light deprivation. The presence of pyrenoids is used as an identifying
feature of the genus, separating it from other euglenoids, such

as Lepocinclis and Phacus (Marin et al., 2003).



http://en.wikipedia.org/wiki/Pyrenoid
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http://en.wikipedia.org/wiki/Phacus
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Euglenoids are both autotrophic as well as heterotrophic. When feeding as a
heterotroph, they surround a particle of food and consume it by phagocytosis.
When there is sufficient sunlight for it to feed by phototrophy, it uses
chloroplasts containing the pigments chlorophyll-a and chlorophyll-b to produce
sugars by photosynthesis (Henze ef al., 1995).

The red eyespot of euglenoids composed of carotenoid pigment granules. It is
not thought to be photosensitive rather it filters the sunlight that falls on a light-
detecting structure at the base of the flagellum (paraflagellar body), allowing
only certain wavelengths of light to reach it. As the cell rotates with respect to
the light source, the eyespot partially blocks the source, permitting them to find

the light and move toward it, process known as phototaxis (Moselio, 2011).

The cells of euglenoid are naked except in those genera (e.g., Trachelomonas) in
which a lorica is present. Except when they are encysted or in a palmella phase,
euglenoids are flagellate having two or several flagella rooted in basal
bodies located at the front of the cell. In Euglena, one flagellum is very short and
does not protrude from the cell while the other is relatively long and often easily
visible with light microscopy. In some species, the longer and emergent

flagellum is used to help the organism swim.

Euglenoids reproduce through mitosis cell division. The cell splits into halves
that lead to the formation of another Euglena. Euglenoids require adequate
amounts of food to reproduce. They have a star shaped structure at the rear end
of its cell, which is basically orange in color called contractile vacuole which
assists in excretion. Certain genera of euglenoids have the capacity to encyst
and thus to withstand unfavorable environmental conditions. When they encyst,
the cells become spherical and surrounded by a gelatinous sheath within which

they may undergo movement and revolve (Harold and Michael, 1979).



http://en.wikipedia.org/wiki/Phagocytosis
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http://en.wikipedia.org/wiki/Chlorophyll_a
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http://en.wikipedia.org/wiki/Photosynthesis
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http://en.wikipedia.org/wiki/Carotenoid
http://en.wikipedia.org/wiki/Photosensitive
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http://en.wikipedia.org/wiki/Basal_body
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1.6. Distribution of euglenophytes

The occurrence of euglenophytes has been reported in many countries of the
world like Tadzhikistan, Ukraine, Vietnam, Indonesia, Israel (Hisoriev, 1995).
This group of algae is also abundant in eutrophic water bodies in Korea (Kim
and Boo, 1996 and 1998), India (Munawar, 1972; Duttagupta et al., 2004) and
Bangladesh (Wahab et al., 1991; Rahman et al., 2005 and 2007). They prefer
polluted water with high organic matter. Euglena-assemblages are known to be
widely distributed in highly eutrophicated shallow ponds (Wild et al., 1995). At
daytime, with high solar radiation, this group of algae occupies the surface of
waters. But at night or at cloudy day, they may distribute to all water layers

ranging from bottom to surface.

The species composition of euglenoids varies depending on the nutrient
availability and differences in geographical locations (Hisoriev, 1995). About
40 genera and 800 spp of euglenoids have been described (Hallick ef al., 1993).
Three are three genera of euglenoids such as FEuglena, Phacus and
Trachelomonas occurred in the fresh water bodies of Bangladesh and among
these genera, Euglena is the most dominant in fish ponds (Rahman ez al., 2005,
2007; Jewel et al., 2006). Most species of Phacus grow in fresh water but a few

occur in marine waters (Harold and Michael, 1979).

1.7. Euglenophytes bloom: Effects, management and exploitation

Among different classes of freshwater algae, euglenophytes form spectacular
blooms in nutrient rich water bodies. They form coloured sticky scums on the
upper surface of the water. The colour of scums looks brownish in the morning
and become red or red mud (due to the presence of hemathochrome granules in
the cell) with daylight and again pale reddish before sunset. Euglenophytes
bloom is a common phenomenon in fish ponds of Bangladesh (Plate 1.2). These
algal blooms have received much attention due to their mass occurrence on the

surface of ponds and lakes throughout the country.




Chapter -1: General introduction 12

In freshwater fish ponds, the nutrient enrichment by decomposition of organic
matters and by the addition of fertilizers and supplementary feeding, leads to
eutrophication, thereby frequently developing dense bloom of euglenophytes.
Euglenophytes bloom is conducive to higher concentrations of nitrogen and
phosphorus nutrients (Kim and Boo, 2001, Duttagupta et al., 2004; Rahman et.
al., 2007), heavy metals (Hutchinson and Nakatsu, 1984; Duttagupta et al., 2004)
and acidic pH (Zakrys and Walne, 1994; Olaveson and Nalewajko, 2000).

Excessive algal blooms can have a negative effect causing serious economic
losses to aquaculture (Hallegraeff, 1993). Dense algal bloom is known to
negatively affect water quality in fish ponds. They collapse periodically leading
to decomposition of dead algae resulting in fish kills due to anoxia (Boyd et al.,
1975 and Barica, 1975) and due to high level of ammonia (Tucker et al., 1984).
Euglenophytes bloom can cause problems through biomass effects, shading of
submerged vegetation, disruption of food web structure and oxygen depletion.
Dense bloom of euglenophytes can collapse the gills and cause breathe
difficulty of fish resulting lose their weight markedly (Xavier et al., 1991). This
algal bloom often leads to environmental degradation that hampered fish
growth (Rahman et al., 2007) even caused mass mortality due to severe oxygen
depletion (Rahman et al., 2005). Therefore, the bloom of these algae in
aquaculture pond should be managed or controlled to minimize its negative

impacts on fish production.

Several chemical methods are employed to control algal blooms in tropical water
bodies (Yin et al., 1989; Jhingran, 1995), but they are either expensive or have
residual effects in the aquatic food chain in the long run. Continuous and
excessive use of algaecides can kill fish or affect their growth. Algaecides can
destroy water quality and add new toxic sediment to the bottom which interfere
fish growth (Lembi, 2000). On the other hand, uses of herbicides to control algal
bloom are not environment friendly and have negative effects on fish growth

(McIntosh an Kavern, 1974).
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Direct grazing by filter-feeding fish is another method for algal bloom
management (Liu et al., 2009). Though, filter-feeding fish are selective
phytoplankton grazers that can suppress phytoplankton directly through
ingestion but they can also be enhanced algal bloom indirectly by suppressing
herbivorous zooplankton and by increasing nutrient availability (Drenner et al.,
1987). In fact, the use of the filter-feeding fish to reduce algal biomass in lakes
and reservoirs is still controversial (Radke and Kahl, 2002). In addition, if the
algal bloom in the fish pond is controlled without eliminating the cause (the
nutrients), the algal bloom will quickly return. Therefore, environment friendly
and effective management systems should be found out to minimize the

noxious effects of euglenophytes bloom in fish pond.

Moreover, the presence of cheaper high quality feed is one of the important
factors for fish culture (Cho and Slinger, 1979). For fish culture, farmers
conventionally use fish meal, mustard oil cake and soybean meal as fish feed.
But, due to high cost and uncertain availability of fishmeal, and the presence of
antinutritional factors in mustard oil cake and soybean meal, the farmers are
now compelled to search for cheaper alternative protein sources. Therefore,
algal meals are alternative plant feedstuffs that are increasingly being used in
aqua feeds because of their nutritional quality, low cost and availability
(Mustafa and Nakagawa, 1995; Hassim and Maat-Saat, 1992). Algal genera like
Spirulina, Chlorella, Scenedesmus, Dunaliella etc. are widely used as
aquaculture feeds for their high nutritional value (Avron and Ben-Amotz, 1992;
Yamaguchi, 1997). Like other algae, the cells of euglenophytes contain high
quality protein, polyunsaturated fatty acids and vitamin (Hayashi ef al., 1993a;
Becker, 1994). Continuously increasing demand for fish feed, pressures the
consideration of every possible natural resource as potential ingredient in fish
feed. Therefore, these locally available algae can be used as a feed ingredient

for formulation of cheaper alternative and nutritive fish feed.
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1.8. Study area: Rajshahi, North-west part of Bangladesh

The part of greater Rajshahi, Dinajpur, Rangpur and Bogra District of
Bangladesh and the Indian territorial Maldah District of West Bengal are
geographically identified as Barind Tract (Plate 1.3). Barind tract, the north-
west region of Bangladesh covers about 3.5 million ha. The Rajshahi Barind
tract is located in between 24° 23" to 25°15" North Latitudes and 88 ° 2" to 88 °©
57" East Longitudes. The hard red soil of this region is very significant in
comparison to that of the other parts of the country. A typical dry climate with
comparatively high temperature prevails in this region except for the wet season
beginning from mid June to October. Rainfall is comparatively low in this
region, with the long-term average being about 1,250 mm in the west and 2,000
mm in the northeast, occurring mainly from late April to October. With a
variable rainfall and temperature ranging from 25.0 to 35.0 °C (frequently
exceeding 40.0 °C) in the monsoon season, the area is consisted semiarid and

drought-prone (Charles, 2008).

Rajshahi is one of the greater districts of northwest region of Bangladesh covers
2407.01 sq. km of area (Plate 1.4). Open water capture fisheries of this district
comprise the major river, the Padma (The Bangladesh portion of the Ganges),
the Shivbaronai and the network of lesser rivers and tributaries. The Rajshahi
district has vast fisheries resources, covering 43861 ha of total water areas of
which about 8838 ha. of rivers and canals, 6728 ha. of beels and 12,733 ha. of
floodplains and 9882.80 ha of ponds.

There are about 154 species of fin fishes belonging to 12 orders, 32 family and
73 genera (Bhuiyan et al., 1992). The total fish production of this area was
estimated as 50256.40 mt of which open water contributed to 20.16% and
culture fishery produced 79.84% for the year 2011. Among the estimated fish
production from different water bodies in Rajshahi (Table 1.1.), the ponds
contributed the highest fish production (73.35%), followed by floodplains
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(8.20%), beels (7.60%), semi-closed water bodies (6.47%), rivers and canals
(4.35%). The capture fishery has been declined whereas the culture fishery

especially pond culture of this region has been increased gradually.
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Plate 1.3: The map of the Barind tract, Bangladesh (Source: Banglapedia)
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Plate 1.4: The map of Rajshahi district, Bangladesh (Source: Banglapedia)

Table 1.1: Fish production of different water bodies in Rajshahi (Source: DoF)

Inland water Area (ha.) % Pro(dr:lltc)t o8 %
Rivers 8838.00 20.15 2188.30 4.35
Beels 6728.66 15.34 3817.00 7.60
Floodplains 12733.00 29.03 4122.40 8.20
Semi-closed waters 5643.60 12.87 3253.50 6.47
Ponds 0882.80 22.53 36859.00 73.35
Paddy-fish culture 35.84 0.08 16.20 0.03

Total 43861.90 100.00 50256.40 100.00
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The survey report from the DoF (Department of Fisheries, Bangladesh) showed
that open water area in the greater Rajshahi including rivers, numerous beels and
floodplains, is gradually declining because of flood control, drainage and
irrigation project as well as the Farakkah barrage impact. The increasing
population growth and the faster rate of expansion of agricultural, domestic,
irrigation and industrial activities pose threats to the development of the fisheries
sector in this region. Therefore, emphasis has been given to culture based

fisheries (Aquaculture) in different inland water bodies of this region.

Although aquaculture production is increasing gradually, but, the fish farmers of
this drought prone area have been facing various problems due to eutrophication
and algal bloom. Among various environmental problems, eutrophication and
algal bloom are the more common problems for fish culture in Rajshahi. Each
year, fisheries extension personnel receive numerous calls regarding ponds with
odd-looking scums, unusual colours or mats of algae. Problem algal blooms
are more frequent in times of drought which lead to huge mortality of fish
causing severe economic losses. Appropriate management measures can
minimize the impacts of harmful algal bloom and can ensure economic fish
production in the bloom ponds. Moreover, utilization of euglenophytes algae as a
fish feed ingredient can include an alternative low cost and nutritive feed stuff in

the fish feed industry.

1.9. Research efforts made on management of algal bloom and
exploitation of algae as fish feed ingredient

A number of research works have already been done concerning the
relationship of algal bloom to environmental factors, management or control of
algal bloom and dietary value of different algae to various fish species in

different parts of the world including Bangladesh (Table 1.2).




Chapter -1: General introduction

18

Table 1.2: Research efforts on ecology and management of algal bloom, and

exploitation of algae as fish feed ingredient

Researchers

Major thrust

Remarks

Rahman et al.
(2007)

Duttagupta et al.
(2004)

Kim and Boo
(2001)

Xavier et al.
(1991)

Lynch (2009)

Lembi (2003)

McGregor
(2002)

Tongsiri et al.
(2010)

Soler-Vila et al.
(2009)

Tartiel et al.
(2008)

Euglenophytes  bloom in
experimental fish ponds

Euglenophytes  bloom  in

floodplain

Ecology of euglenoids in river

Euglenophytes bloom in fish
breeding tank

Managing of algal bloom

Managing of blue-green algal
bloom

Controlling of blue-green algal
bloom

Evaluation dietary value of
algae, Spirulina sp.

Evaluation dietary value of
algae, Porphyra sp.

Evaluation dietary value of
algae, Chlorella sp.

No. emphasis on

farmers’ fish ponds

No. emphasis on fish
culture ponds

No. emphasis on fish
culture ponds

No. emphasis on fish
culture ponds

No. emphasis on

euglenophytes bloom

No. emphasis
euglenophytes bloom

on

No. emphasis
euglenophytes bloom

on

No. emphasis
euglenophytes algae

on

No. emphasis
euglenophytes algae

on

No. emphasis
euglenophytes algae

on
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1.10. Indications from the earlier research efforts

Earlier researches indicated that
I. Most of the researches have been done on ecology of algal bloom in

experimental tanks/ponds or rivers, emphasis not given in fish culture ponds.

II. In case management of algal bloom, emphasis has been given on blue-

green algae not on euglenophytes algae in fish culture ponds.

I11. For evaluation of dietary value of algae, most of the researches have been
done on such types of algae that their availability may be the major
constrain in using them. Moreover, the production costs of such micro
algae are quite expensive making them almost unaffordable in developing
country like Bangladesh. Emphasis has not been given on naturally

available algae.

Based on the aforementioned indications, some research questions are raised as
follows:
I) What are the environmental factors which influencing the euglenophytes
bloom in fish pond?
I) What are the effective management measures to minimize the
euglenophytes bloom in fish pond?
IIT) Have any dietary effects of euglenophytes algae as a feed ingredient on

the growth and carcass composition of fish?

1.11. Research need to develop management systems for
euglenophytes bloom and to exploit these algae as feed ingredient

Aquaculture has greater potentials in nutrient supply, employment generation,
poverty reduction and socio-economic improvement in the rural areas of
Bangladesh. On the other hand, aquatic environmental intensification and
diversification are practiced for higher aquaculture production which leads to

environmental degradation through formation of noxious euglenophytes bloom.
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Due to frequent occurrences of dense bloom of euglenophytes in fish pond at
Rajshahi, farmers have been faced various problems for fish production. Only,
appropriate environment friendly aquaculture technology can contribute to
overcome such problems based upon the availability of useful information.
Unfortunately, no sufficient researches based on the algal bloom which can
contribute well to overcome the euglenophytes bloom <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>