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ABSTRACT

The area of Kuniar Haor is about 37 ha and it is interconnected with the River
Dhonu. The catchment consists of 5 villages namely, Baribari, Shohila, Borohathi,
Shimulbak and Mollapara under the Upazilla Itna, Kishoreganj. The Haor was
investigated from February 2016 to January 2018. Samples were collected at one month
intervals from 3 sampling stations. A total of 24 samplings were made where 72 samples
were analysed during the two years’ study period. Eleven physicochemical parameters
namely air and water temperature, secchi depth (SD), pH, alkalinity, total dissolved solids
(TDS), conductivity, dissolved oxygen (DO), soluble reactive silicate (SRS), soluble
reactive phosphorus (SRP), NOz-N and four biological parameters as chl-a,
phaeopigment, phytoplankton density (PD), and macrophyte abundance were
investigated. In all stations the monthly ranges of air and water temperatures were 18.5 —
38.11 °C and 19 — 33.41 °C, respectively. The ranges of other determinants were Secchi
depth, 7.5 -95 cm; pH, 6.4 — 8.1; TDS, 17 - 97 mg/l; conductivity, 31 - 208 uS/cm; DO,
4.4 — 14.8 mg/l; alkalinity, 0.5 — 5.5 meg/l; SRS, 0.77 — 23.19 mg/I; SRP, 1.05 — 55.28
pa/l; NOs-N, 0.04 —1.15 mg/l; chl-a, 1.18 — 32.56 ug/l; phaeopigment, 0.13 — 46.32 g/l
and phytoplankton density, 1.8 — 62.2 (x10%nd./I).

The seasonal dynamics of the above mentioned hydrobiological components of
the Haor ecosystems were also elaborated. In the studied Haor area, namely station-1,
station-2 and station-3, the total species of phytoplankton recorded were 115, 120 and 90,
respectively. The recorded genera were 51 in station-1, 52 in station-2 and 51 in station-
3. The distribution of the recorded species showed following pattern: maximum number
of species 37.4% (Station-1), 34.1% (Station-2), and 37.7% (Station-3) among the flora
studied was represented by the Chrysophyta. Dominance of Chrysophyta followed by
Euglenophyta (28.7% in station-1, 31.7% in station-2 and 28.8% for station-3),
Chlorophyta (21.7% for station-1, 23.3% for station-2 and 21.1% for station-3),
Cyanophyta (6.08% for station-1, 4.1% for station-2 and 4.4% for station-3), Cryptophyta
(3.5 % for station-1, 3.3% for station-2 and 5.5% for station-3) and Pyrrophyta (2.6% for
station-1, 3.3% for station-2 and 3.3% for station-3). Based on the preliminary
identification, 33 species of phytoplankton may be considered as new records for the
Bangladesh. The distribution of new records of phytoplankton is as follows:
Euglenophyta dominate (9 taxa) followed by Chlorophyta (7 taxa), Chrysophyta (6 taxa),
Cryptophyta (7 taxa), Cyanophyta (2 taxa) and Pyrrhophyta (2 taxa). A total of 48 species

XV



of aquatic macrophytes was recorded where Ipomoea aquatica Forsk and Ludwigia
adscendens (L.) Hara were found to be the most dominant species.

Pearson correlation of phytoplankton density showed significant positive
correlation (at 1% and 5% level) with alkalinity, nitrarte-nitrogen and phaeopigment in
all stations. DO showed only positive correlation with air and water temperature, Secchi
depth at station-1, water temperature, secchi depth, pH, and phytoplankon density at
station-2, secchi depth, with air, water temperature, alkalinity TDS, SRP at station-3
According to Shannon-Winner diversity index, Station-3 supports higher diversity at
genus and specie level. Jaccard Index shows three stations are highest 53.84 % similar in
October 2016 and their intersecting members are 7.

The value of TDI indicate the effects due to contamination of organic matter on
the wetland. In the investigation TDI = 3.3% and pollution tolerant taxa is 18.5%. As the
proportion of TDI count is <20%, so the wetland is free of significant organic pollution.
The fish to phytoplankton ratio was calculated as 933870: 1.94 x 10*2. This indicates that
the growth of plankton feeding fishes mostly depends on plankton dynamics of the water
body in the studied Haor area. The macrophytes fed on by the fishes in this Haor represent
several families of which major ones are Amaranthaceae, Araceae and Typhaceae. These
are so potential for fish production, wildlife conservation, fertilizer and soil additive.
The present limnological and hydrobiological study on the Kuniar Haor reveals that the
water body has been passing its meso-eutrophic status. After having an intensive
anthropogenic disturbance from the catchment the quality of water might get changed.
And it is likely that in the near future these wetlands would be turned to eutrophic
followed by hypertrophic systems. This condition is undesirable not only for ex-situ
conservation but also for implemening future conservation strategy. It also becomes
detrimental to the components of the biodiversity. The study also reveals that
management of Kuniar Haor should be taken into consideration not only to stop the
disturbances within the study sites but also the disturbances in their surrounding land
areas.

The investigation generated some important baseline data on the pollution status
and phytoplankton community structure of the Haor. These data would be helpful in
planning for future policy decisions on using the reservoir as an ecotourist center as well
as in the better conservation and management of the precious wildlife in the world-famous

sanctuary.

XVi



Chapter 1
Introduction

INTRODUCTION

1.1 Background

Wetlands are pondered as important assets for biological conservation because
they support a rich biodiversity and high productivity (Mitsch and Gosselink 2000). In
Bangladesh, wetland resources occupy 50% of the country’s land surface and support a
wide variety of floral and faunal diversity including endangered species (IUCN 2005).
The Ramsar Convention (1971) has defined wetlands as 'areas of marsh, fen, peat land,
or water, whether natural or artificial, permanent or temporary, with water that is static
or flowing, fresh, brackish or salt, including areas of marine water the depth of which at
low tide does not exceed six meters.” Moreover, internationally important wetlands “may
incorporate riparian and coastal zones adjacent to the wetlands, and islands or bodies of
marine water deeper than six meters at low tide lying within the wetlands”. The
Bangladesh Water Act, 2013 defines “Wetland means any land where water remains at
the levelof surface or close to it and which inundates with shallow water from time to
time, and where grows such plants that may usually grow and survive in marsh land.”
The greater part of the northeast region of Bangladesh consists of wetland basins and is
characterised by the appearance of enormous vast, deeply flooded tectonic depressions,
known as Haors that exist between the rivers. Fresh water comprises approximately less
than 1% of the total surface of the earth. Water evaporates from the ocean and land
surface and is carried out into the atmosphere and precipitates as rain or snow on the
earth’s surface. A portion of the rain water on the land is absorbed into soil, some part of
it is evaporated and less water is either drained off into the lakes, Haor, Beel, ponds or
flows back into the sea through the river system.

Different physicochemical and biological parameters are considered important
regulator for water quality of wetlands. Phytoplankton communities are sensitive to
changes in their environment and therefore their total biomass and species composition
are used as indicators of water quality (Brettum and Andersen 2005). By monitoring water
quality parameters, phytoplankton content and macrophytes, it is possible to prevent fish
kill and to keep uninterrupted supply of water for domestic, agricultural and recreational
purposes (Imhoff and Alberrecht, 1975).

The physical and chemical factors of the water body play a great role for aquatic
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organisms where organisms are totally dependent on optimum water quality for the
support of their life. Poor water quality can cause of massive death of living organisms.
The term “Water Quality’ refers for the physical, chemical and biological parameters of
water and all these characteristics directly or indirectly influences the survival and
production of aquaculture species (Boyd 1998).

Under a definite physical set up, quality and quantity of phytoplankton are
governed by concentration of nitrate, nitrite, ammonia, phosphorus (USEPA 2000) and
silicate.

Macrophytes are macroscopic aquatic plants growing in or near water. They may be
either emergent (i.e., with upright portions above the water surface), submerged or
floating (EPA 2000). According to EPA (2000), depth, density and diversity of
macrophytes serve as indicators for the so called health of wetlands. In shallow water
bodies there exist a relationship between phytoplankton and submerged macrophytes.
Ordination of phytoplankton species in wetlands with submerged macrophytes is best
explained by environmental gradients of total nitrogen (TN), chlorophyll, pH and
phosphorus (SRP) (Takamura et al., 2003). Submerged macrophytes are considered to
be suitable eutrophication indicators and are sensitive to local environmental conditions
(Dennison et al. 1993).

Haors are bowl shaped depressions of considerable aerial extent lying between the
natural levees of rivers or high lands of the north-east regions of Bangladesh (BHWDB,
2012). Haors have been considered as freshwater inland wetlands. There are two classes:
(i) permanent i.e., Beels within the Haors and (ii) non-permanent or seasonal Haor
(NWMP, 2004). Normally the Haors are full of water in the wet season and they dry up
during winter. Howevr, their remains some deep pockets within the Haors that do not dry
up even in the dry season. These deep points within the Haor are known as Beels, which
have high aquacultural interests.At the end of monsoons, around August-September, the
Haors are full with water attracting tourists from all over the country and abroad. In winter
the Haor and Beels receive thousands of migratory birds. As summer sets in the Haors,
most of the water has drained out but one can still see numerous Beels which act as
sanctuary for mother fisheries.

In Bangladesh, the Haor ecosystems are situated in seven districts viz. Sunamganj,
Kishoreganj, Netrokona, Sylhet, Habiganj, Maulavibazar and Brahamanbaria). Haors in
Kishoregonj district is very much important in geo-physical, economic, social and cultural
point of view (Kishoregonj district 1993). Among 13 Upazillas of this district, four (Itna,
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Mithamoin, Austogram and Nikli) are fully and five (Tarail, Karimgonj, Bajitpur
Kuliarchar and Bhairab) are partially bounded by haors. Their total number in the district
is 85 with an area of 75000 ha (DAE 2003). The agricultural aspects of the district mainly
rely on these unique water bodies (DAE 2010 and Khan et al. 2012). The geology,
hydrology, soil characteristics, and socio-economic attributes of the Haor basin, also
recognised as unique features from its adjacent hilly land (Uddin et al. 2013).

Islam and Paul (1978) reported the biodiversity from the Hakaluki Hoar of Moulvi
Bazar district. Bhuiyan et al. (2019) conducted limnological study of Tanguar Haor of
Sunamganj. But thereafter no study was carried out on the biodiversity of haors
particularly in the district of Kishoreganj. Therefore, the present investigation has been
aimed to study the Kuniar Haor of Itna, Kishoreganj with special reference to
phytoplankton and macrophytes.

1.2 Study sites

The area of Kuniar Haor is about 37 ha and is interconnected with the River Dhonu.
The catchment consists of 5 villages namely, Baribari, Shohila, Borohathi, Shimulbak and
Mollapara under the Upazilla Itna, Kishoreganj. It is 20 km away from Kishoreganj
district headquarter. About 500 years ago people started agriculture and other activities
within the Haor (National web portal 2017, Bangladesh). Approximately 3000 people
depend on this Haor for their livelihood. This is a permanent Haor and have taken oxbow
shape. The wetland consist of an ancient deep large water body bearing little picks of dry
lands in between it’s levees. This natural excavation named as beel that formed by the
result of leaching from the Meghaloy hilly areas and then the water falls into the Meghna,
Norshunda and Dhonu river which flood the Kuniar Haor. The Haor remains waterlogged
all the year round. During monsoon all of the segment of the Haor fully flooded with fresh
water and the maximum depth recorded at that time is 4.2 m and average depth is 3.2 m.
During winter the water column reduces and average depth comes to 1.5 m. The Haor is
used as an ancient way of navigation from the prominent fish market Chamra Bondor to

Itna thana headquarter, Itha government offices, Bazar and to other adjacent districts.

1.3 Wetland values of Kuniar Haor
The Kuniar Haor is a unique example of natural wetland found within the north-
east biogeographic region of Bangladesh. It contains a large amount of indigenous plant

and animal species creating the biological diversity of a particular region. It is a
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productive wetland resource. It provides livelihood for three thousands of people through
subsistence, agriculture, aquaculture, navigation, forestry, hunting grounds, natural
fisheries, recreation, etc. The ideal condition for rice cultivation is a unique feature.
Almost all segments of lands are used for rice cultivation. The aquatic vegetation grown
here provides a rich grazing for domestic livestock. Different types of ducks, resident
birds, cows, goats, horses were observed in the grazing fields. Species of herbs and
macrophytes are a good sources of fuel and fertiliser by the local people. The Haor is rich
in aquatic biodiversity particularly in diverse species of pelagic plankton, hydrophytes,
flood tolerant plants and fishes.

The Haor areas are primarily subjected to deep monsoon flooding supporting rich
fisheries while during drier winter yielding a bumper rice crop. The areas are full of
aquatic flora and fauna which play important roles in the nature’s economy. Besides this,
people exploit the natural vegetation for domestic purposes as well as for producing
commercial commaodities. Conservation is one of the strategies to be undertaken for the
reclamation of these natural resources of the haor areas. The results of the resent research
will help to create a database regarding water quality relating aquatic macrophytes and
phytoplankton diversity from the study area. Results will be useful in the contribution of
documentation of different reported and unreported phytoplankton and macrophyte
species and their characteristics in relation to water quality forecasting for water use by
rural and urban dwellers and as well as for cultural purposes.

For ecosystem management, agricultural practices, economic activities and over all
livelihood of the farmers of Haor area, the GoB has taken a number of national policies
and plans for development and conservation of productive wetlands. Because
Phytoplankton abundance and nutrient concentrations in shallow-water ecosystems are
influenced by submerged macrophytes (Zimmer et al. 2003) and aquatic macrophytes are
the important source of food, fodder, herbal medicine and domestic household materials
for the people residing in its neighborhood (Dekha and Sarma 2014). As there is no
artificial food provided, the phytoplankton and macrophytes in this Haor play an
important role in the food chain. In this regard the Kuniar Haor is selected as a valued

wetland.
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1.4 Aims and objectives of the work

The research work has mainly focused on the hydrobiological factors of the Kuniar

Haor to find out the importance and dynamism of phytoplankton and aquatic

macrophytes. Additionally following aims have been targeted

To identify the community characteristics of phytoplankton and aquatic
macrophytes

To find the composition of phytoplankton community in different pools of Kuniar
Haor

To find the seasonality of phytoplankton biomass as cell number and chlorophyll-
a (chl-a)

To study the relationship among the species composition of phytoplankton and
aquatic macrophytes

To study the relationships between the selected environmental variables such as
air and water temperature, pH, dissolved oxygen (DO), total dissolved solids
(TDS), conductivity, alkalinity, soluble reactive phosphorus (SRP), soluble
reactive silicate (SRS) and nitrate nitrogen (NOs-N) with phytoplankton and
aquatic macrophytes

To determine the change of phytoplankton and aquatic macrophytes in the studied
area during the time frame

.To find the role of nutrients on the phytoplankton abundance

To workout the qualitative aspects of phytoplankton and the seasonal
fluctuations of its density

To find the seasonality of phytoplankton biomass as chl-aand
phaeopigment

To analyze the interrelationships among the studied factors, by correlation
studies

Determine of phytoplankton quality, population density and grouping of
different groups of phytoplankton via microscopic measurements

To work out the diversities with qualitative aspects ofthe water communities of

Kuniar Haor
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1.5 Limitations

There were a little research gaps during this two years of field study as well as in
laboratory works. The study area is a remote place of north-eastern region of Bangladesh.
Due to the impertinent transportation system from my laboratory to the study site was a
laborious journey. All sampling could not be done at the same time of the different
sampling day. During wet season it was easy to carry out the sampling water and
macrophytes by a motor launch but in dry season it was a laborious and difficult matter.
Flooding and over flooding during full monsoon has made a formidable condition of the
site which was a barrier to collect samples. The inundation time of the land varied between
the two years period. For this reason all the short lived macrophytes were unable to be
collected. Lack of previous limnological research on Haor ecosystem was a big limitation
for the comparison with the current research work. For this reason the study has been
carried out mostly by primary data. Few secondary data has been collected from the
department of fisheries and land of the Government of the peoples Republic of
Bangladesh and national site of information. The portable device were available for
research and laboratory were well equipped. In some apparatus a few instrumental errors
were observed. However this problem has been solved by measuring replicate

determination of the same sample.
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LITERATURE REVIEW

2.1 Hydrobiological and limnological research in Bangladesh (1966-2019)

The pioneer research done by a skilled Phycological Research Group of the
Department of Botany, Dhaka University, under the guidance of Professor A.K.M. Nurul
Islam. Islam and Khatun (1966) published the first limnological study in Bangladesh
dealing with organically-polluted ponds in and around Dhaka University campus. In
particular, they recorded the conditions under which blooms in the ponds. Other
investigations carried out around the same period included the use of algal flora to
characterise Lake Rainkhyongkine as a semi-hard water body in the late oligotrophic stage
(Islam 1969b). Islam and Begum (1970) recorded 110 species of phytoplankton (mainly
Chlorococcales) from Dhaka District and made some observations on seasonal changes in
water temperature and pH.

Islam et al. (1974) carried out the first imnological research on the river Buriganga
near Dhaka where the physicochemical factors of the river along with their seasonal
dynamics were shown. Islam and Zaman (1975) described the desmids population and
some green algal phytoplankton from the river Buriganga. The diatom population and
zooplankton from the same river were described later on by Islam and Haroon (1975).
Islam and Saha (1975) worked on Ramna Lake in Dhaka city. Islam and Paul (1978)
studied the macrophytic flora and phytoplankton from the Haor Hakaluki of Moulvi Bazar
district of Bangladesh. Islam et al. (1979) carried out a hydrobiological study on
Dhanmondi lake where a handful number of desmid population and aquatic macrophytes
were reported. Mahmood (1986) studied the largest man-made lake Kaptai Lake and
recorded the primary productivity of phytoplankton 2.39 g O,/m?/day.

Since the publication of chemical data on Dhanmondi lake of Dhaka Metropolis
by the Bangladesh Water Pollution Control Board (1975), very few studies of this kind
was undertaken. Later on, Islam and Chowdhury (1979) have studied the phytoplankton
and macrophytes qualitatively with notes on physicochemical characteristics of the lake.
Khondker et al. (1988) reported a short term assessment of phytoplankton production and

some physicochemical factors related to it. This study forecasted that the input of sewage

material in Dhanmondi lake is affecting the productivity by reducing light penetration,

putting stress on dissolved O, and might be producing a toxicity of CO, to photosynthetic

organisms. Khondker and Parveen (1992) studied the species composition, standing crop
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and seasonality of phytoplankton in the same lake and confirmed that Dhanmondi lake
shows hypertrophicity. They saw that the bottom of the lake was anaerobic with high
concentration of dissolved phosphorus. However, dilution caused by monsoonal rainwater
improved the situation to some extent when a decrease in the mean values of some key
elements was observed.

Islam et al. (2015) carried out to recognize the position of water quality of the
Ramna, Crescent and Hatirjheel lakes in the Dhaka metropolitan area. The relative study
established that the concentration of BOD, EC, TDS, alkalinity and acidity of Hatirjheel
Lake was greater than Ramna and Crescent lakes which indicate pollution of the lake
water. Poor water quality of these lakes disturbs the ecosystem and aesthetic beauty
adversely.

Razzak et al. (2013) studied the evaluation of the variation in water quality
parameters in two distinct seasons. To explore the sources and reasons of pollution, the
whole area in and around the lake was preliminarily measured. pH of all the samples of
Gulshan and Ramna lake was within the ECR Standard in both spring and winter.In
Gulshan lake’s samples, there were found more turbid and colored in spring than winter.
Iron in water samples was within the range where 5 days BOD was found higher in both
lakes. In 2012, Singh reported that the rapid urbanization together with encroachment,
leading to the loss of catchments of surface water bodies and problems of siltation,
pollution, which includes domestic, industrial and agricultural waste including
eutrophication are the major problems of the world to protect and control water resources.

According to Mohuya (2010) Gulshan-Baridhara Lake was declared as an
Ecologically Critical Area (ECA) in 2001 and to save the lake’s water from becoming
polluted further and to stop encroachment. Previous study revealed that among the heavy
metals only Pb concentration exceeded the standard level during the monsoon, otherwise
concentrations of all other four heavy metal (Cd, Cr, Cu and Ni) exceeded the standard
level of drinking, fishing and surface water as set up by WHO, GoB, USEPA, DoE and
FWPCA, for the summer period.

A useful research is conducted by Peeters and Shannon (2011) which analytically
investigates the layered meanings of water in the city through aiming at the case study of
Hatirjheel Lake, Dhaka’s major inner-city water body. Another potential protection tool
is the 1995 Master Plan for Dhaka, which is named the DMDP (Dhaka Metropolitan
Development Plan 1995-2015). The structure plan, one of the three phases of DMDP,
recognizes that river and floodplains are important for both ecology and economy of the
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capital region (RAJUK, 1995a). The Master Plan also foresees holding reservoirs for
storm water. According to specialists, there is evidently a deficit of such reservoirs that
lag far behind the actual situation on the ground.

An algological report on Lake Rainkyhongkine was published by Islam and Uddin
in 1969. In recent times, Khondker et al. (2010) carried out a limnology of Lake Bogakain.
Alfasane et al. (2012) examined the water quality with the phytoplankton and macrophyte
flora of Lake Ashura. In one study, Khondker et al. (2010) identified the ratio as a
percentage of the total verified species of Cyanophyceae, Chlorophyceae and
Cryptophyceae was lesser in Lake Ashura than Lake Bogakain. It was documented that
species of Euglenophyceae in Bogakain were lower wherever diversity was peak in Lake
Ashura. Members of Dinophyceae were absent in Lake Ashura where as two members of
Dinophyceae were present in the Bogakain Lake (Khondker et al. 2010). From the
hydrobiological viewpoint, the two studied lakes from the extreme parts of Bangladesh
showed a similarity on total taxa (Lake Ashura, 35 taxa;, Bogakain, 39 taxa) of
phytoplankton. On the other hand, Khondker et al. (2010) and Alfasane et al. (2010) stated
that Bogakain lake occupied a few members of macrophytes like Nymphaea nouchali,
Egeria densa, Potamogeton crispus and Polygonum sp. Qualitatively, phytoplankton flora
of Lake Ashura were found to be dominated by euglenoid algae whereas in Lake Bogakain
green algae were predominant.

Ahmad et al. (2015) recounted that macrophytes use light energy, water and
carbon dioxide to synthesise carbohydrates and discharge oxygen into the aquatic
environment during photosynthesis, which is used by the biota of the similar aquatic
ecosystem. Further, these plants can adjust water temperatures and existing oxygen in
water, thus ultimately influencing growth and survival of fish. Besides, providing food
and habitat to fish, wildlife and other aquatic organisms, macrophytes stabilize sediments,
expand water transparency and enhance diversity in the shallow areas of lakes.

Macrophytes are the main exploiters of the nutrients from the sediments, which
then are misplaced temporarily from the water. These nutrients are released only after
death and decay of macrophytes and subsequent mineralization. Thus, the role of
macrophytes in nutrient dynamics and primary efficiency of shallow aquatic ecosystems

is far more important than one can imagine.



Chapter 2
Literature Review

2.2 Master Plan of Haor Areas, BHWDB, 2012

“Master Plan of Haor Areas” has been prepared by the Bangladesh Haor and
Wetland Development Board (BHWDB), now renamed Department of Bangladesh Haor
and Wetlands Development (DBHWD), during April 2012. The BHWDB engaged the
Center for Environmental and Geographic Information Services (CEGIS), a Public Trust
under the Ministry of Water Resources (MoWR) for preparing the Plan.

Haors are large bowl shaped floodplain depressions located in the north-eastern
region of Bangladesh, in the districts of Sunamganj, Habiganj, Netrakona, Kishoreganj,
Sylhet, Maulvibazar and Brahmanbaria. There are about 373 Haors that covers an area of
about 858,000 ha and covers nearly 43% of the total area of the Haor region (1.99 million
ha). Haors have a unique hydrological regime which creates opportunities as well as
sufferings/constraints for the inhabitants of the Haor region. Annual rainfall ranges from
2200-5800 mm and can be as high as 12000 mm. Flash flood is the main disaster in this
region that is caused by excess rainfall in the upstream hilly areas and subsequent runoff
and sedimentation in the rivers.

The Haor region lies in the Meghna basin which is one of the largest Ganges-
Brahmaputra- Meghna (GBM) basins. The total inflow in the haor area comes from India
and along with the storm water runoff drains out through Meghna River at Bhairab Bazar.
The rivers of the haor region are characterized by a natural alluvial system and are unstable
by nature. The area becomes inundated during monsoon and sometimes in pre-monsoon
by flash flood. Inflow from India is the main cause of flash flood in the Haor region.

Floods are the characteristic of the entire river system of the North East region.
Embankments are utilized for flood protection in this region. Wetland condition ranges
from perennial aquatic lowlands to seasonally dry uplands. A variety of natural forest can
be found in the Haor districts like hill forests, fresh water swamps, reed swap forests, cane
and murta forest, bamboo and homestead vegetation etc. The biodiversity of haor wetlands
is very rich. Water is central to the fragile ecosystem of the haor area.

The most significant Haors of Bangladesh are Hakaluki, Hail, Tanguar, Matian,
Pasuar Beel, Dekar, Baro, Gurmar, Sonamorol, Baram, Kalni, Kawadighi and Pagner.
These wetlands have a rich wildlife community including 257 species of birds, 40 species
of reptiles, 29 species of mammal and 9 species of amphibians. The haor region comprises
a wide variety of fin fish including 143 indigenous and 12 exotic species along with
several species of freshwater prawns. The estimated fish habitat area in the haor region is
about 967,000 ha. Most of the important haorareas are also enriched by wetland plants

through lowland plantation.
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The geological setting and formations of the northeastern part of Bangladesh
favors the deposit of various types of mineral and energy resources. Mineral resources
found in the Haor region are coal, crude oil, glass sand, gravel, lime stone, natural gas,
peat, white clay. About 90% of the total gas production of the country is obtained from
the Haor districts. A whole range of problems and issues of Haors and wetlands have been
identified and solutions to these problems have been derived considering individual, cross
cutting and technical issues as well as the demand of the stakeholders. The main water
related problems are flash flood, drainage congestion due to sedimentation and loss of
connectivity between haor and rivers, river bank and wave erosion and poor navigability.
The basin is under threat of encroachment by agriculture, deforestation and capture
fisheries. The main purpose of the plan is to safeguard the water resources and to preserve
the natural characteristics of the whole basin with special attention to ecologically
important areas. Different national policies and strategies have been thoroughly reviewed
to set the main policy directives for the development of the Haor Master Plan. The
National Water Policy explicitly mentions the development of the haor area considering
its preservation of ecosystem.

The comprehensive Master Plan aims to preserve, protect and restore the
ecosystem as well as protect the people of this area from natural disasters and improve the
livelihood of poor people. The Master Plan is a framework plan that is in line with the
Vision 2021, Sixth Five Year Plan and other relevant policies and plans of the
Government of Bangladesh. It is a 20- year plan formulated following the principles of
the Integrated Water Resource Management (IWRM). The objectives are to develop the
resources of the haor Region as rapidly as possible, to improve the overall quality of life

of its inhabitants, maintaining and conserving the Haor ecosystem.

2.3 Miscellaneous studies on freshwater wetland ecosystems.

Vilbaste and Truu (2003) studied the distribution of benthic diatoms in relation to
environmental variables in lowland streams in Estonia and found that the trophic level of
water plays a significant role governing the structure of benthic diatom assemblages. They
also reported temporal variability in the structure and function of phytoplankton
community and fundamental importance to aquatic metabolism system. According to
Rooney and  Kalff (2003) the existence of extensive submerged macrophyte beds has a
harmful effect on phytoplankton biomass, and submerged macrophytes influence
bacterioplankton metabolism directly through the supply of dissolved organic carbon to
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the epilimnion and indirectly by suppressing phytoplankton biomass.

Moschini-Carlos et al. (2001) revealed that the biomass and productivity of the
plankton community are organized by the fluctuations of water level. They indicated that
the epiphytic algae are essential autotrophic organisms in the aquatic ecosystem. Analysis
of primary productivity that exposed an important parameter to assess the Ecology of
freshwater bodies in general.

Owen et al. (2004) stated that pH, conductivity, temperature and nitrates act to be
closely related to diatom growth. Halvorsen (2004) investigated some physical and
chemical characteristics of Lake Atnsjoen, Norway. According to Ojha and Mandloi
(2004) pH increases in water bodies from morning onwards and decline during the
evening as temperature decreases. They also noticed that turbidity; suspended matters,
clay, silt, colloidal organic particles, plankton and other microbes are an expression of
light scattering and absorbing properties of water. Radhika et al. (2004) reported that
water temperature is of enormous significance as it regulates various abiotic as well as
biotic activities of an aquatic system. This perusal of literature on ecological investigations
of water bodies showed that long-term monitoring and comprehensive analysis of the
physicochemical parameters is crucial to a holistic approach in solving environmental
problems of such systems.

Bircks et al. (1990) studied the diatoms and pH restoration. Vincent (1992) found
that nitrogen uptake in plankton is stimulated by light. Egge and Aksnes (1992) studied
silicate as a regulating nutrient in phytoplankton competition. Hornstorm et al. (1993)
examined plankton and chemical, physical development in 6 Swedish west-coast lakes in
acidic and limed conditions. Kitano et al. (1997) made a study of algae tolerant of pH
values up to 10. Prins et al. (1999) reported that the level of the spring phytoplankton
bloom in certain aquatic ecosystems is determined by phosphorus loading, whereas in
summer the nitrogen loading determines phytoplankton biomass. According to them a
variance in nutrient loading did not result in shifts in phytoplankton biomass in all nutrient
treatments. Vestergaard and Sand-Jensen (2000) stated that alkalinity and trophic state
regulate the aquatic plant distribution in Danish lakes. Murugavel and Pandian (2000)
recorded that a reduction in temperature improves solubility of oxygen in water. Klug et
al. (2000) investigated the compensatory dynamics in plankton community responses to
pH perturbations. Carvalho et al. (2002) investigated the physicochemical conditions for
supporting different levels of the biological quality of fresh water. Adak et al. (2002)
reported that different physicochemical parameters of water are significant for effective
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maintenance of water quality through proper control. According to Sedamkar and Angadi
(2003) a low DO is an indication of organic pollution, and they saw a high percentage of
Chlorococcales in waters having high dissolved oxygen. They also reported that
Chlorococcales increase well in water rich in nitrates than P. According to the report by
Rooney and Kalff (2003) phosphorus, phytoplankton and heterotrophic bacteria interact
in the epilimnion of lakes to regulate the flow of energy and the biogeochemical pathways
at the base of pelagic food webs, and macrophytes thrive well in lakes having
phytoplankton concentrations even at high phosphorus concentrations. There is an
interaction between phytoplankton and phosphorus  that is dependent on macrophytes
cover. According to Vilbaste and Truu (2003) the phytoplankton Eunotia bilunaris is
known to be common in streams with lower pH.

From the above mentioned presentation it is clear that the physicochemical
conditions of water effects the qualitative and the quantitative pattern of aquatic organisms
as well as their seasonal dynamics. In some case special community may be created to
support migratory species and thus provides a valuable information on the community
ecology of the aquatic habitats (Khondker et al. 2010). Above all, the structure and
function of pelagic grazing food chain and the resultant subsequent food webs in the haor
ecosystem deserves much research attention because the whole secondary productivity

including the fish yield is dependent upon it.
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MATERIALS AND METHODS

The present research work was carried out in three stations of Kunia Haor,
Upazilla Itna, District Kishoreganj, Bangladesh. A total of 76 water and biological
samples were collected from the Haor basin in between February 2016 and January 2018.
The sampling activity was done one time in each month covering the study period.

Geomorphological and meteorological condition

The area of Kuniar Haor is about 37 ha and is interconnected with the River
Dhonu. The catchment consists of 5 villages namely, Baribari, Shohila, Borohathi,
Shimulbak and Mollapara. It is 20 km away from the district headquarter of Kishoregan;.
The study site is located in a peripheral region of Bangladesh (Fig. 1). About 500 years ago

people started agriculture and other activities within the Haor. Approximately 3000 people depend
on this Haor for their livelihood. The Haor is perennial and oxbow shaped.
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Fig. 1. The geographical locations of Haor districts of Bangladesh (Source: Directorate of

National survey, Bangladesh)
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Name and description of the sampling stations
Station 1

It is situated at the entrance, on the right side of the sluice gate of the
interconnected river of the Haor named Dhonu. Except winter, this area experiences
hydraulic pressure and the effects of tide and wave because the water of Dhonu enters
when overflows at a certain level. This area is rich with phytoplankton, particularly with
the population of diatom but with scanty vegetation of macrophytes. The GPS location of
this sampling site is 24° 29'58.72 " N, 91° 00' 55.28 E with an altitude of 7 m MSL.

Station 2

Its location can be viewed from the middle portion and southern side of the Haor.
This site is the deepest portion of the Haor and it is nearly 1200 m away from the switch
gate area. During the monsoon period a maximum depth 4.2 m is observed here.

The Latitude and longitude of this sampling site is 24° 30' 13.28 N, 91° 01'5.18 E

respectively, altitude 5 m, above MSL.

Station 3
The site is near Shohilahati village which is 1300 m away from sampling station -
2. Abundance of natural well fisheries is a unique feature of this site and it is surrounded
by many exotic and indigenous angiospermic plants.
The GPS location of this sampling site is 24° 30" 33.43 N, 91° 01' 21.61 E, altitude
7 m, above MSL.
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Fig. 2 (A-B). Location of Study sites of Kuniar Haor. (A) Location by National survey
map. (B) The sampling stations by Google Earth.
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Sampling station 1
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(B)
Fig. 3 (A-B). Showing the sampling station -1, (A) aerial view during flooding season,
(B), the same in dry seasons.
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Sampling station 2

Fig. 4 (A-B). Showing the sampling station -2, (A) aerial view during flooding season,

(B), the same in dry seasons.
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Sampling station 3
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Fig. 5 (A-B) Showing the sampling station -3, (A) aerial view during flooding season, (B) the
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In situ sample collection

For collecting samples, field visits were made monthly between 2016 and 2018.
Wthin a 3 km transect along the surface of the Haor 3 permanent sampling stations were
fixed and on each occasion samples were collected within 10.30 a.m. - 3.00 p.m. An
integrated water sample from 50 cm depth was collected each time by a Schindler-Patalas
Sampler (5 | capacity) from all the 3 study stations of Kuniar Hair. At first the sampler
was dipped slowly under water to 50 cm depth and then closed by applying a jerking pull
from the above. After confirming the closure of the sampler, it was taken out and the
water was decanted in a black plastic carboy (5 | capacity). The carboy was transported
to the laboratory for further analysis of the water sample.

In situ measurements on air temperature, water temperature, conductivity, total
dissolved solids (TDS), pH, and dissolved oxygen (DO) were performed using respective
field meters (HANNA Instruments HI 9033, 9044). Other parameters namely, chl a,
soluble reactive phosphorus (SRP), soluble reactive silicate (SRS) and alkalinity were
determined on the same day in the laboratory (Marker et al. 1980, Murphy and Riley
1962, Wetzel and Likens 1979, Mdller and Wiedemann 1955. However, an overnight
digestion of samples for nitrate nitrogen (NOs-N) analysis (Muller and Wiedemann 1955)

was carried out.

Macrophyte collection, identification and enumeration

Concentrated samples of phytoplankton were obtained via sedimentation
technique using Lugol’s iodine from all the 3 studied stations of Kuniar Haor.
Phytoplankton cell number was counted using a Hawksley microplankton counting
chamber with the improved Neubauer Ruling (Hawksley Ltd., Lancing, England) under
a Nikon compound microscope (Japan) at a magnification of 40x10. Phytoplankton were
identified using standard literatures (Smith 1950, Skuja 1956, Desikachary 1959,
Starmach 1966, Islam and Begum 1970, Islam and Khondker 1981, Germain 1981,
Prescott 1982, Huber-Pestalozzi 1955, 1961, 1968, 1983; Dillard 1989, Yamagishi 1998,
Ling and Tyler 2000, Islam and Alfasane 2002, 2004; Siddiqui et al. 2007, Begum, 2008,
2009; Ahmed et al. 2008, 2009 and Khondker et al. 2007, 2008, 2009).

Macrophyte samples from all the stations were collected during the field trips.
After bringing those in the laboratory, the samples of macrophytes were washed with tap

water cleaned and screened. From the collection of macrophytes herbarium sheets were
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prepared and the taxa were identified with the help of Khondker et al. (2010), Alfasane
et al. (2010), Fasset (1957), Cook (1990), Khan and Halim (1987) and Adoni (1985).

After having preliminary knowledge of macrophytes present, quantified samples were
collected using 1 x 1 m quadrate and average abundance was expressed as number of

. 2
ind/m .

Sample transport from the field to the laboratory and measurements

All the collected samples were carefully transported to the laboratory within one
hour of collection. All the chemical and biological analyses of water samples were carried
out in the National Professor AKM Nurul Islam Laboratory, Department of Botany,
University of Dhaka. Analysis of different parameters began immediately after reaching

laboratory and were completed next day morning.

Sedimentation of phytoplankton sample

In a plastic bottle of 1 liter capacity, sample water from Station-1, Station-2 and
Station-3 were separately poured and fixed with Lugol’s iodine solution and kept
undisturbed in the dark for at least 48 h in order to facilitate sedimentation. The
phytoplankton cell number was counted using a Hawksley microplankton counting
chamber with the improved Neubauer Ruling (Hawksley Ltd., Lancing, UK) under a

Nikon student’s microscope.

Laboratory processings

In the laboratory, filtration of water sample for chemical analysis was carried out.
A vacuum pump fitted to a Sartorius-Membrane Filter Holder (Gmbh, Géttingen, FRG)
was used for the purpose. The water sample was shaken gently and then 250 ml of water
was measured with the help of a graduated measuring cylinder and poured into the cup
of the Sartorius device. Whatman GF/F 4.7 cm circles were used by the device to filter
the water. After filtration the filter paper was rolled up with the help of a Millipore pincet
and put into a screw capped Pyrex glass tube of 10 ml capacity. This sample was used
for the determination of phytoplankton biomass as chl-a and phaeopigment. The filtrate
of each sample was transferred to an acid washed, clean screw capped polystyrene bottles
(500 ml capacity) for the analysis of nitrate-nitrogen (NOz-N), soluble reactive
phosphorus (SRP) and soluble reactivate silicate (SRS). Unfiltered water samples were
used for measuring pH, alkalinity, conductivity, DO (sample water was fixed in the field
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by adding each of manganous suflate solutions and Winklers reagent) and TDS. All

analysis was completed within the next 24 h.

Methodology applied in the measurements of physicochemical parameters

All the limnological and biological analysis made in the present investigation was
followed by standard procedures. A brief description of the procedure for each
determination together with the citation of the methodology followed has been presented
in Table 1.

Table 1. Methodology, equipment’s, unit measurement and relevant references

used for vrious limnological parameters.

Parameter Method Unit Equipment
AT Gallenkamp, UK °C alcoholic thermometer
WT Gallenkamp, UK °C alcoholic thermometer
Sec. dept. Nil cm 20 cm diameter crosswise-painted black and

white Secchi disc
Titration method (Mackereth

Alk. etal. 1978) meq/l Jencons Digitrate, UK
pH Griffin pH meter Nil PHJ-260-V-pH-meter, Model 50, UK
Conductivity meter (Golterman danna instruments HI9033W, UOM EA, D/N
Cond. et al. 1978) puS/cm 048053, URN 315625Y, S/N:

1414153, Singapore

Hanna instrument HI9034W, UOM EA, D/N
TDS TDS meter mg/l 413377, URN 330067T, S/N:
1391748, Singapore
DO Winkler’s titration method mg/l
(Wetzel and Linkens, 1979)
SRP Spectrophotometric method po/l Spectrophotometer Shimadzu

(Murphy and Riley, 1962) UV-0120-01, Japan
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Table Contd.
SRS Spectrophotometric method mg/l -ditto-
(Wetzel and Linkens, 1979)
NOs-N Spectrophotometric method
(Mdaller and Wiedemann, 1955) mg/| ditto-
chl-a Marker et al. 1980 po/l -ditto-
Pp Marker et al. 1980 po/l -ditto-
PD Vollenweider (1969) Indl./l Nikon microscope, using Hawksleys counting

chamber (Lansing, UK)

A brief description of each measurements

Physical parameters
Air temperature

Measurement of the air temperature was done with the help of an alcoholic
thermometer (Gallenkamp UK) graduated from 0-40°C. At first the thermometer was held
by hand keeping the bulb of the thermometer in the upward direction. Then the hand was
rotated in the air slowly for a minute and the reading of the temperature was recorded. The
procedure was repeated thrice and a mean value was calculated in °C.
Water temperature

The water temperature was recorded with the help of the thermometer housed in
the Schinder-Patalas sampler. During the in situ measurement of parameters in the field,
the value of water temperature was read directly from the sampler as soon as it was taken

out of water.

Secchi depth

A 20 cm diameter crosswise-painted black and white Secchi disc tied at the end
of a graduated rope was used to measure the depth of visibility. The disc was hanged
vertically by holding the rope and then slowly dipped into water. By looking at the painted
surface of the disc, the depth of its disappearance and reappearance was noted. Mean
value of these two depths was recorded as the Secchi depth in cm.
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Chemical parameters
Alkalinity

50 ml of unfiltered water sample was measured with the help of a measuring
cylinder and transferred to a conical flask (Jena Schott, Germany, 250 ml capacity).Then
two drops of mixed indicator were added to the sample, the color turned light green. The
flask was put on a magnetic stirrer device and was titrated by adding standardized 0.1 N
HCL from a 50 ml capacity glass burette until the color first disappeared to light
yellow.With the help of the volume of acid consumed in the titration the alkalinity was
calculated after Mackereth et al. (1978).

Hydrogen ion concentration (pH)

The pH was determined with the help of a Griffin pH meter (PHJ-260-V-pH-
meter, Model 50, UK). A portion of the sample water was directly poured into a 100 ml
beaker. The electrode of the meter was dipped into it with gentle stirring. The pH value of
the sample water was read directly from the digital display. The pH meter was checked
each time with standard buffer before the measurement.

Total dissolved solids (TDS)

In a 100 ml capacity measuring cylinder 90 ml of sample water was taken. Then the
electrode of the TDS meter (Hanna instrument HI9034W, UOM EA, D/N 413377, URN
330067T, S/N: 1391748, Singapore) was dipped into it up to the mark indicated on the
electrode. After holding the electrode in a definite depth for about one minute the reading

was taken from the digital meter display.

Conductivity

90 ml of unfiltered sample water was measured with the help of a measuring
cylinder (100 ml capacity). A conductivity meter (Hanna instruments HI9033W, UOM
EA, D/N 048053, URN 315625Y, S/N: 1414153, Singapore) was used to measure the
conductivity of water. Electrode of the meter was cleaned with distilled water and dried
with tissue paper. The scale indicator button was pushed for a probability value. Starting
the meter the second knob was fixed at 20°C. The electrode was then put into the sample
water slowly. A gentle stirring of electrode show movement of the meter scale.
Conductivity was then measured by keeping the electrode fixed in the sample water
(Golterman et al.1978).
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Dissolved oxygen (DO)

Winkler’s titration method (Wetzel and Likens 1979) has been employed for the
determination of dissolved oxygen of water. For the purpose at each time of sampling
duplicate 120 ml capacity Pyrex transparent glass stoppered BOD bottle was used. After
collecting the surface water of the culturing habitat with the help of Schinderl’s sampler
the bottles were gently filled with water. Then one ml of each of manganese sulfate and
the alkaline iodide solution were successively added to the bottle containing sample water
with the help of a one ml syringe. The bottles were then shaken to mix the reagent
properly. Brown colored precipitation appeared. The bottles were dipped under water until

those were transported and analyzed for DO in the laboratory.

Soluble reactive phosphorus (SRP)

SRP determination has been followed after Murphy and Riley (1962). The dilution
factor ranged from 2 to 10. Considering the dilution factor accurately measured sample
was poured in acid washed 100ml capacity Pyrex conical flasks. Then required amount of
distilled water was added to each sample to make the volume 50 ml. 5 ml mixed reagents
(a mixture of 15 ml ammonium molybdate,37.5 ml H2SO4,15 ml freshly prepared ascorbic
acid and 7.5 ml potassium antimonyl tartrate) was dispensed in each flask.The solution of
the flask was mixed properly and after 5 to 10 minutes blue color developed, then the
extinctions were measured using 885 nm wave length with the help of 4 cm path length
quartz cuvettes by using a Spectrophotometer (Shimadzu UV-0120-01 Japan).

Soluble reactive silicate (SRS)

The determination of soluble reactive silicate was followed after Wetzel and
Likens (1979). The dilution factor ranged from 2 to 5. Considering the dilution factor
accurately measured sample was poured in acid washed Pyrex conical flask so
f100micapacityeach used to determine SRS. Sequentially 5 ml 0.25N HCL, 5 ml of 5%
ammoniummolybdate and 5 ml 1% disodium EDTA added to it. The sample was mixed
properly and kept undisturbed for the next five minutes. Then 10 ml of 17% sodium sulfate
was added to each flask. Blue color developed according to the concentration of SRS in
the sample. A reagent blank and standard series of silica was also treated in the same
manner. Sub- samples from each of these were measured in a Schimadzu
spectrophotometer (UV-120-02) at a wavelength of 700 nm using a 1cm path length quartz
glass cuvette. Finally the values were calculated by regression analysis with the help of
standard series.
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Nitrate-nitrogen (NO3-N)

The concentration of NOs-N in the filtered sample water was determined following
the method of Muller and Wiedemann (1955). To a 25 ml sample water in a 100 ml
capacity Pyrex conical flask 1 ml of 5% sodium salicylate was added and digested over
night to dry in an oven (Eyela, Model-NDS-450D, Japan) set at 100°C temperature. In the

next morning the residue in the flask was dissolved by adding 1ml concentrated H2SO4

and then added 50 ml distilled water and 7 ml sodium-potassium-tartrate solution. Light
yellow color developed according to the concentration of nitrate nitrogen present in the
sample. The sample volume was adjusted to 100 ml by adding distilled water and then the
sub- samples were measured in a Spectrophotometer (Schimadzu UV-120-02) using 1 cm
path length quartz glass cuvette at a wave length of 420 nm. A distilled water plus reagent
blank and a series of NO3-N standards were also treated in the same manner in each batch.
The values of NO3-N were calculated by regression analysis later on with the help of

standard series.

Biological parameters.
Chlorophyll-a (chl-a) and phaeopigment

Pigment extraction was done from the fresh cells of phytoplankton trapped onto
the filter paper during filtration of water samples. The method of extraction was as
follows: Test tube containing rolled filter paper was treated with 5ml hot 90% ethanol
(kept boiling at 75°C in a water bath, model Eyela, Thermopet NTT-211, Japan). Then
the test tube containing filter paper dipped in ethanol was given a hot and cold treatment
by putting it firstly in the hot water bath for three minutes and then cooling in tap water
carefully. After cooling, the pigment was extracted (1st) and was transferred to another

glass tube while the filter paper was given second extraction treatment in the same manner

as mentioned above.The extracted pigment solutions (1St and 2"%) were poured into a
measuring cylinder to make it 10 ml by adding extra 90% alcohol if necessary. Then the
pigment samples were taken inlcm path length quartz glass cuvette and optical density
(OD) was measured in a spectrophotometer at wave length 665 nm and 750 nm against
90% ethanol as blank. The acidification was done by adding in 3.7 pl HCL in each cuvette
(for avolume c 3.7 ml). Finally the concentration of chlorophyll-a and phaeopigment were
calculated after Marker et al.(1980).
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Enumeration of phytoplankton

Enumeration of phytoplankton was done under a compound microscope (Nikon
SE) at a magnification of 10 x 40 with the help of the Hilbert Bacteria Counting Cell
(Single round, Hawksly, UK). Helber microplankton Counting Cell can be easily
manipulated in counting phytoplankton and it provides reasonably reproducible data at
higher magnification which is not possible by Sedgewick Rafter Counting Cell (SRCC).
The Counting Cell looks just like a glass slide and is 50 mm long, 20 mm wide and 1 mm
thick. A microscopic circular counting chamber with engraved grids at the center of the
slide surface. The total volume of the chamber is 1.005 pl. The counting was carried out
by putting one drop of well mixed phytoplankton sample on the counting chamber (HCC)
and a cover slip was put on it. Before counting HCC cell was let stand for at least 1minute
to settle down phytoplankton.

Phytoplankton present in the bottom of the HCC cell was the counter. All the cells
present was counted and the dominant group was identified. The counting was done in
triplicate for each sample. Finally, the cell density of the phytoplankton was calculated

per liter water by using the following formula.

Individual/litre = TPCxSCV/TCV

Where,

TPC = Total plankton counted

SCV = Sediment of plankton concentrate volume in mL
TCV = Total Hawkleys chamber volume = (0.001005x3) pL

Qualitative analysis of phytoplankton

Before counting on the phytoplankton individual, a random checking of the
sedimented phytoplanktonic material was carried out under high magnification for
identification up to the species level. For identification, algal literatures as well as
publications available for Bangladesh, other world monographs and books have been
consulted (Smith 1950, Skuja 1956, Desikachary 1959, Starmach 1966, Islam and Begum
1970, Islam and Khondker 1981, Germain 1981, Prescott 1982, Huber-Pestalozzi
1955,1961, 1968, 1983; Dillard 1989a, Yamagishi 1998, Lingand Tyler 2000, Islam
and Alfasane 2002, 2004; Siddiqui et al. 2007, Begum, 2008, 2009; Ahmed et al. 2008,
2009; Khondker et al. 2007, 2008, 2009).
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Statistical analysis

The statistical analyses were made to study the relationship between and among
the different physic-chemical and biological variables namely, Pearson correlation (SPSS
v16.0) and RDA (Canoco v4.54), the Shannon diversity index and Jaccard index has been
applied.

The climatic seasons followed for the analysis

1. Pre-monsoon : March- May

2 Monsoon : June- September

3. Post-monsoon : October- November

4 Dry or Winter Season : December- February (Brammer, 2002)

Pearson correlation
Pearson correlation (SPSSv16.0) have been performed to observe the relationship

among physical, chemical and biological parameters of the selected stations.

Shannon diversity index

Robert MacArthur introduced the Shannon-Weiner index into ecology. The
Shannon-Wiener diversity index (H) is a measure of diversity that combines species
richness (the number of species in a given area) and their relative abundances. It tells the
level of diversity in that particular area, i.e. it is possible to say the diversity is low or high
(since H generally ranges between 0 and 5). H also helps to compare diversity between
communities within an area/ecosystem and diversity between different areas species
richness is the most commonly used measure of diversity, but H is a strong indicator of
diversity.

Shannon-Weiner Diversity Indices calculation:

A) A diversity index is a mathematical measure of species diversity in a given community.

B) Based on the species richness (the number of species present) and species abundance (the
number of individuals perspecies).

C) The more species you have, the more diverse the area.

D)However, there are two types of indices, dominance indices and information statistic
indices. The Shannon index is an information statistic index, which means it assumes all

species are represented in a sample and that they are randomly sampled.
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E) The equation for the Shannon-Weiner index :

N

H=—>pilnpi
i=1

In the Shannon index, p is the proportion (n/N) of individuals of one particular
species found (n) divided by the total number of individuals found (N), In is the natural
log, X is the sum of the calculations, and s is the number of species. The higher values of
Shannon index is the representative of more diverse communities. This index represents

not only the number of species but also how the abundance of the species is distributed.

Jaccard Index or Jaccard Similarity Coefficient index
The Jaccard similarity index (sometimes called the Jaccard similarity coefficient)

compares members for two sets to see which members are shared and which are distinct. It is a
measure of similarity for the two sets of data, with a range from 0% - 100%. The higher

percentage of the Jaccard index represents the more similarity among the populations.
The formula to find the Index is:

Jaccard Index = (the number in both sets) / (the number in either set) * 100

The same formula in notation is: J(X, Y) = |XNY|/ |XUY]|

In Steps, that’s:

Count the number of members which are shared between both sets.
Count the total number of members in both sets (shared and un-shared).

Divide the number of shared members (1) by the total number of members (2).

A W p e

Multiply the number you found in (3) by100.

This percentage tells you how similar the two sets are:

e Two sets that share all members would be 100% similar, the closer to 100%, the
more similarity (e.g. 90% are more similar than 89%).

e If they share no members, they are 0% similar.

e  The midway point — 50% — means that the two sets share half of the members.

TDI (Trophic diatom index) calculation :

. For assessment of organic pollution in the U.K. Rivers (Chesters, 1980; Armitage et

al., 1983) the TDI value was evaluated successfully.
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. The value of TDI indicate the effect of organic nutrients on the wetland that already
nutrient-rich, and the measurement of large increase in the proportion of organic pollution
& tolerant taxa (Whitton and Kelly, 1995).

. The value of TDI can range from 1 (very low nutrient concentrations) to 5 (very
high nutrient concentrations) (Zelinka and Marvan 1961)

The Methodology to find the Index is:

Trophic diatom index (TDI) =Y asv + ) av

Here, a = total counts of diatom species

S= Taxon sensitivities to pollution (1-5).

V= indicator values
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Results

In the present investigation a total of three physical, eight chemical and four
biological parameters were recorded for 3 selected study stations of Kuniar Haor. The
time period covered were two years and as a result a total of 33 new records were yielded
for each station. All the data have been plotted and tabulated wherever necessary and

presented below along with the trend of their seasonal flux.
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Physical parameters
Air temperature (°C)

Ranges of air temperature recorded for the period between February 2016 and
January 2018 for all the stations of Kuniar Haor showed almost identical trend of
variation. In Station-1, Station-2 and Station-3 the monthly ranges of air and water
temperatures were 18.50 - 35.50 °C, 19.00 - 37.20°C and 18.50 - 38.10°C, respectively.
The highest monthly mean air temperature was recorded in the month of September, 2017
for Station-1, May, 2017 for Station-2 and Station-3, whereas the lowest mean air
temperature were obtained for all Stations in the month of January, 2016 (Table 2).

In the present investigation, the seasonal variation of air temperature showed the
highest value during pre-monsoon and lowest in winter in all stations (Fig. 6). The
seasonal decreasing pattern of mean air temperature followed pre monsoon- monsoon -
post monsoon and winter (Fig. 6). In both the study years the trend of annual air
temperature flux showed two peaks in each study year. These were in April and August
but the peak occurred in the later month showed a relatively lower range of temperature
(Fig. 7A). The bimodal temperature peak is also clearly seen in Fig. 7B, where the
temperature data for two consecutive years of study has been presented.

Air temperature starts increasing just after January and continues until August

and therefore the fluctuation takes uniformly with slight straight tendency in few
months. The temperature starts falling in September (Fig. 7B). The annual fluctuation

trend of air temperature is almost same in both study years.

Air temperature
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Fig. 6. Seasonal variation of air temperature in three study sites of Kuniar Haor, Kishoregan;.
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Table 2. Monthly mean values (£SD) of air temperature (°C) for all the study

sites.

Months Station-1 Station-2 Station-3
February 2016 30.5+0.24 29+0.13 30.6+0.23
March 2016 30.1+0.11 31.5+£0.14 32+0.19

April 2016 31+0.14 37.1+0.16 37.5+0.18
May 2016 33+0.16 33.2+0.24 33+0.22
June 2016 31.6+0.21 30.9+£0.15 31.2+0.5
July 2016 32.8£0.4 32.4+£0.31 32.2+0.26
August 2016 34.1+0.24 34+0.25 34.3£0.22
September 2016 30+0.32 30.5+0.33 30+0.4
October 2016 26%0. 35 27+0.39 27+0.42
November 2016 21+0.22 20+0.3 19.5+0.34
December 2016 19+0.31 19+0.32 19.4+0.25
January 2017 18.5+0.22 19+0.21 18.5+0.3
February 2017 19.5+0.5 21.5+0.31 22%0.23
March 2017 28+0.23 29.4+0.35 29x0.42
April 2017 33.5+0.34 36x0.42 37+0.6
May 2017 32.51£0.53 37.2+0.48 38.1+0.45
June 2017 34.8+0.46 28.3+£0.47 34+0.52
July 2017 32.5%£0.46 33.1+0.37 33.1+0.43
August 2017 33.2+0.56 36.1+0.43 36.2+0.33
September 2017 35.5+0.34 36.1+0.43 35.4+0.48
October 2017 31.5+£0.53 32+0.45 31+0.35
November 2017 28+0.54 28.810.4 28+0.6
December 2017 21+0.31 21.5+0.42 22+0.24
January 2018 28.5+£0.21 29.4+0.32 30.1+£0.45
Mean 29.004 29.7 30.04
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Fig. 7A. Monthly variations in air temperature (°C)
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Fig.7B. Comparison of air temperature between the years of 2016 and 2018 of
three study sites of Kuniar Haor, Kishoreganj.
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Water temperature

During the study period between February 2016 and January 2018, the range of
water temperature for all station was 19.0— 33.4 °C. The highest monthly mean water
temperature was recorded in the month of April, 2017 for Station-1 and Station-2
whereas, the lowest mean water temperature were obtained for all stations in the month
of February, 2017 (Table 3). Water temperature followed a similar trend like air
temperature throughout the investigation period.

In the present research the seasonal variation of water temperature showed the
highest value during pre-monsoon and monsoon and lowest in winter in all stations (Fig.
8). The highest to lowest water temperature in the seasonal trend followed monsoon-post
monsoon-winter (Fig. 8).

Water temperature starts increasing just after the month of December and
continued until July and then a gradual fall was evident in August until December
(Fig.9B). Fig. 9B shows a comparison of water temperature between the two years, i.e.
2016-2017 and 2017- 2018. The trend of annual fluctuation of water temperature is almost
similar in both study years. Although, a bimodal temperature peak was evident annually
in the air temperature flux of the study area, it was not so distinct in case of water
temperature (Figs. 9A-B). When the trend of water temperature variation for consecutive
years are plotted together, more or less an unimodal behaviour of water temperature was
noticed (Fig. 9B).

Water temperature
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Fig. 8. Seasonal variation of water temperature in three study sites of Kuniar Haor, Kishoreganj.
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Table 3. Monthly mean values (£SD) of water temperature (°C) for all the study sites

Months Station-1 Station-2 Station-3
February 2016 28+0.87 27.1+0.96 26.8+0.88
March 2016 27+0.67 24+0.9 28%0.76
April 2016 28+0.86 27x0.79 29+1.1

May 2016 29+0.96 26.7+£0.8 26.6+£0.94
June 2016 27.1+£0.97 27.4+0.86 27+0.8
July 2016 27.2+£0.79 26.20.86 26.4+0.8
August 2016 30+0.86 25+0.7 25+0.85
September 2016 27.5%£0.79 28.5+0.84 28%0.75
October 2016 2510.8 25.5+0.88 25%0.86
November 2016 22+0.76 20.5+£0.86 20x0.97
December 2016 20.3+0.8 20.4+0.86 21.1+0.96
January 2017 20.5+0.78 20.5+0.8 20.5+0.88
February 2017 19+0.96 19+0.97 19+0.9
March 2017 26+0.83 26+0.94 25+0.94
April 2017 30+0.84 30+0.87 29+0.9
May 2017 28+0.86 28+0.95 27.5+0.84
June 2017 29.2+0.79 29.2+0.96 28+0.95
July 2017 29.6+0.75 29.6+0.97 30+0.96
August 2017 25.7+£0.78 25.7+£0.87 25.3+£0.95
September 2017 28.4+0.99 28.4+0.8 28.5+0.87
October 2017 27+0.93 27+0.94 26.5+0.85
November 2017 25+0.79 25x0.79 24.5+0.86
December 2017 22.5+£0.79 22.5+0.75 21+0.7
January 2018 22+0.86 22+0.88 25+0.9
Mean 26 25.46 25.52
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Water Temperature
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Fig. 9A. Monthly fluctuation of water temperature (°C)
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Fig. 9B. Comparison of water temperature between the years of 2016 and 2018
of three study sites of Kuniar Haor, Kishoreganj.

37



Chapter 4
Results

Secchi depth.

The results presented in Fig. 10 showed a great fluctuation of Secchi depth among
three stations in wet seasons. Secchi depth (Zs) varied from 13.00-70.50 cm for station-
1, 12-75 cm for station -2 and 7.5-95 cm for station-3. The lowest value was 7.50 cm
for station-3 in the month of January 2017 and the highest values of Secchi depth were
recorded in the same station in August 2016 (Table 4). The annual fluctuation of this
light related parameter was highly variable in nature. Strong seasonality in the mean Zs
for all the study stations were observed. The flux was highly synchronising i.e., starting
from pre-monsoon the Zs value increased high in the monsoon and then dropped until

to the lowest in winter via post-monsoon (Fig. 10).
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Fig. 10. Seasonal variation of Secchi depth in three study sites of Kuniar Haor, Kishoregan;.
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Table 4. Monthly mean values (£SD) of Secchi depth (cm) for all the study sites

Months Station-1 Station-2 Station-3
February 2016 14+2.3 12+1.88 7.5+£1.7
March 2016 13+2.1 18+1.6 19+2.1
April 2016 24+3.2 21+2.4 21+2.8
May 2016 34+4.3 29+3.3 31+3.2
June 2016 39+4.9 45+5.1 41+3.2
July 2016 57+5.2 55+4.7 48+4.9
August 2016 70.5+7.8 75+7.9 95+9.2
September 2016 66+5.4 63+3.8 58+3.7
October 2016 61+4.1 57+3.8 44+3.6
November 2016 27+3.2 29+3.8 26%2.9
December 2016 27+2.7 23+2.5 21+£2.7
January 2017 15+2.4 16+1.88 8+2.2
February 2017 18+2.2 22+3.1 26+2.3
March 2017 17£2.1 22+2.1 29+2.7
April 2017 31+3.4 33+3.2 37+3.8
May 2017 28+2.8 36+3.6 39+3.9
June 2017 54+3.4 48+3.6 47+4.8
July 2017 63+5.9 56+5.4 68+6.1
August 2017 67+7.2 71+7.4 69+6.8
September 2017 66+7.1 70+8.1 68+7.2
October 2017 51+3.9 45+5.8 42455
November 2017 22+2.7 26+2.4 21+2.7
December 2017 19+3.1 19+3.2 22+2.4
January 2018 16+2.1 14+3.2 9+3.1
Mean 37.48 37.7 37.35
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Fig. 11A. Monthly fluctuation of Secchi depth (cm)
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Fig.11B. Comparison of Secchi depth between the years of 2016 and 2018 of
three study sites of Kuniar Haor, Kishoreganj.
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Chemical parameters

Alkalinity

Range of alkalinity for the period between February 2016 and January 2018 were
recorded 0.60-5.50 meg/| for station-1, 0.60-2.70 meg/l for station-2 and 0.50-2.90 for
station-3. The highest monthly average of alkalinity was recorded in the month of March-
2016 at station-1 and station-2 whereas the lowest mean alkalinity was recorded in the
month of February 2016 for station-3 (Table 5.)

In the present research the seasonal variation of alkalinity shows higher values
during pre monsoon for station-1 but lower in winter season for station-2 (Fig. 12). The
seasonal trend of alkalinity looks similar from the annual trends of fluctuation for station-
3. The alkalinity starts to fall from August 2016 to January 2017 and then it again rise
from December 2017 to January 2018 throughout the year for all stations. (Fig.13B).
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Fig. 12. Seasonal variation of Alkalinity in three study sites of Kuniar Haor, Kishoregan;.
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Table 5. Monthly mean values (£SD) of alkalinity (meg/l) for all the study sites

Months Station-1 Station-2 Station-3
February 2016 2.6+0.31 2.6x0.32 2.910.41
March 2016 5.5+0.5 2.7+0.34 2.3+0.4
April 2016 0.8£0.3 0.8+0.28 0.7+0.2
May 2016 0.9+0.32 0.6£0.2 0.810.2
June 2016 0.6+0.22 0.6+0.23 0.5+0.19
July 2016 1.8+0.33 1.5+0.31 1.6+0.32
August 2016 2.7+0.37 1.5+0.28 2.5+0.4
September 2016 2.2+0.3 1.7+0.29 2.6+£0.4
October 2016 1.1£0.2 1.8+0.26 1.6+0.31
November 2016 1.240.23 1.5+0.24 1.4+0.27
December 2016 1.3+0.26 1.4+0.27 1.1+0.28
January 2017 0.7+£0.2 0.8+0.2 1.3+0.24
February 2017 1.2+0.23 1.5+0.31 1.2+0.31
March 2017 1.31+0.24 1.6+0.23 1.3+0.29
April 2017 1.4+0.3 1.5+0.22 1.4+0.27
May 2017 1.840.2 1.9+0.2 1.8+£0.21
June 2017 0.9+0.16 1.5+0.19 0.9+0.18
July 2017 1.2+0.2 1.4+0.14 1.2+0.16
August 2017 1.1+0.19 0.9+0.14 1.1+0.12
September 2017 1.1+0.18 0.9+0.16 1.1£0.1
October 2017 1.4+0.23 1.3+0.14 1.4+0.3
November 2017 1+0.17 1.1+0.19 1+0.2
December 2017 1.6+0.2 1.5+0.14 1.6+0.16
January 2018 1.5+0.17 1.6+0.15 1.5+0.18
Mean 1.53 1.42 1.45
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pH

During the investigation period between February 2016 and January 2018 the range
of pH was recorded 6.60-8.10 for station-1, 6.40-7.90 for station-2 and 6.80-8.10 for
station-3. The highest monthly mean pH for all stations was recorded in the month of
October 2017 whereas, the lowest mean pH was recorded in the month of February 2016
for Station -1 and Station-3. The lowest mean pH for Station-2 observed in July 2016
(Table 6).

In the present research, seasonal variation of pH for all the stations showed higher
values during the post monsoon but lower in winter (Fig. 14). The monsoonal pH value
at Station-1 was lower compared to the values of pre-monsoon and post-monsoon but at
station-2, the values of pre-monsoon and monsoon were almost same (Fig. 14). At station-
3 the trend of variation of seasonal mean pH followed a gradual rise from pre-monsoon
to post-monsoon via monsoon and then there was an abrupt fall during winter (Fig. 14).
It is also evident from the Fig. 4 that the monsoonal mean pH in the Kuniar Haor rose
gradually from Station-1 to station-3 via station-2. As could be seen from the pH data of
two consecutive years of study carried out in Kuniar Haor a short flux in the values are
evident (Figs. 15A-B). The value fluctuated annually between 6.9 and 8.1 for all the
stations (Table 6).
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Fig. 14. Seasonal variation of PH in three study sites of Kuniar Haor, Kishoreganj.
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Table 6. Monthly mean values (£SD) of pH for all the study sites

Months Station-1 Station-2 Station-3
February 2016 6.6+1.2 6.9+1.1 6.8+0.9
March 2016 7.6x£1.7 7.5+1.6 7.5+1.8
April 2016 6.9£0.9 7.1+£0.89 7.4£1.7
May 2016 7.4%£1.7 7.1£1.2 6.8+1.1
June 2016 7.611.1 7.811.5 7.7£1.3
July 2016 6.8+1.2 6.4+1.1 7.2+0.8
August 2016 6.9+1.5 7.1+14 7.3t1.4
September 2016 7.5+1.4 7.3£1.7 7.6+£1.3
October 2016 7.9%15 7.811.2 8.1+1.6
November 2016 6.9t1.1 7.1+£1.6 7.1+£1.2
December 2016 7.1+1.6 7.1+1.7 7.3£1.7
January 2017 6.9+1.3 7.1£1.5 7.1+1.3
February 2017 7.1+1.2 7.3t1.6 7.2¢1.4
March 2017 7.7£1.4 7.5+1.4 7.6x0.9
April 2017 7.7+1.7 7.5£1.3 7.5%£1.2
May 2017 7.3£1.6 7.4+1.3 7.611.4
June 2017 7.1£1.3 7.1£1.2 7.4+1.2
July 2017 7.7£1.7 7.5+1.6 7.8£1.3
August 2017 6.9+0.8 7.7+£1.6 6.9+1.4
September 2017 7.9+1.1 7.8+1.4 7.7£1.6
October 2017 8.1+1.9 7.9+1.7 8.1+1.8
November 2017 6.81+0.8 7.1+£1.3 7.3t1.4
December 2017 7.3£1.3 7.3+1.3 7.4%15
January 2018 7.3x1.1 7.5+1.4 7.5%1.3

Mean 7.29 7.32 7.41
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TDS

During the whole period of study (February 2016 to January 2018), the range of
TDS showed a variation of concentration from 20.00-97.00 mg/l. Stationwise the values
were 17.40-95.00 mg/l , 17.4-95.0 mg/l and 17.00-96.00 mg/l for Stations 1, 2 and 3,
respectively. The highest monthly mean TDS was recorded in the month of February 2016
for all the studied stations whereas the lowest mean TDS were obtained in the month of
September 2016 for Station-1, in October 2017 for Station -2 and in March 2016 for
Station-3 (Table 7). Two years of consecutive study carried out in the present
investigation reveals a higher range of TDS from November to October showing their
highest peak in the winter months on either end of the curve as produced in Fig. 17B.

TDS content in the lean months (winter) of the year was higher for all the studied stations
of Kuniar Haor. On the otherhand, the lowest concentration was observed in monsoon for all the
stations (Fig. 16). TDS followed more or less similar value in the pre-monsoon and monsoon in
all the studied stations. Thereafter, there was a fall in the concentration in the post monsoon
leading to an elevated concentration in winter (Fig. 16). This pattern was obvious in almost all the

study stations of Kuniar Haor.
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Fig. 16. Seasonal variation of TDS in three study sites of Kuniar Haor, Kishoregan;.
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Table 7. Monthly mean values (£SD) of TDS (mg/l) for all the study sites
Months Station-1 Station-2 Station-3
February 2016 97+14.2 95+13.6 96+12.1
March 2016 28+8.7 42+10.3 1745.4
April 2016 2749.3 2619.6 25+10.1
May 2016 22+9.1 2418.2 22+9.3
June 2016 24+8.7 2549.2 25+8.8
July 2016 45+10.4 25+9.7 27+9.4
August 2016 24+8.9 23+8.3 23+8.6
September 2016 21+8.1 24+8.7 20+7.8
October 2016 25+8.8 29+9.8 25+9.7
November 2016 2047.2 21+6.7 26+8.7
December 2016 45+9.2 4619.1 58+10.2
January 2017 45+9.9 48+10.1 4619.7
February 2017 62+12.3 43+11.2 60+12.1
March 2017 52+10.2 75x13.4 53+11.2
April 2017 31+7.4 2846.7 34+7.2
May 2017 38+8.9 37+9.7 33+8.1
June 2017 53+8.6 75+8.8 52+7.9
July 2017 22+7.4 71+12.3 46+8.7
August 2017 41+8.6 51+9.6 51+9.7
September 2017 27.615.8 18.8+4.2 17.5+4.6
October 2017 24.5£6.7 17.4+5.3 22.1+£5.8
November 2017 3245.7 3045.3 31454
December 2017 41+5.6 43+7.4 46+7.6
January 2018 73+10.1 75+11.2 74+13.1
Mean 38.33 41.34 38.73
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Fig. 17B. Comparison of TDS between the years of 2016 and 2018 of three study sites
of Kuniar Haor, Kishoreganj.
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Conductivity

Electrical conductivity of the water of Kuniar Haor ranged from 38.00-164.00
puS/cm, 31.00-171.00 puS/cm and 36.00-161.00 pS/cm for the study Stations 1, 2 and 3,
respectively. The highest monthly mean conductivity was recorded in the dry seasons for
all the stations whereas the lowest mean conductivity were obtained in the month of June
2016 for station-1, in September 2016 for station-2 and in August 2016 for station-3
(Table 8).

From the seasonal graph (Fig. 18) the highest mean value were recorded during
winter for all studied stations and the lowest mean value were recorded during post
monsoon for both Station-1 and Station-2 and during monsoon for Station-3. The high to
low values of conductivity over the seasonal trend followed a pattern winter - pre-
monsoon - monsoon - post-monsoon for both the Station-1 and Station-2. But for Station-
3 the trend was winter-pre-monsoon-post-monsoon- monsoon (Fig. 18).

From the graph (Fig. 19) the fluctuation shows very high for all station throughout
the investigation and also similar in trends. It is obvious from the annual trend of variation
from two consecutive years of study that during lean period the conductivity of the Haor

water remains high (Fig.19).
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Fig. 18. Seasonal variation of conductivity in three study sites of Kuniar Haor, Kishoreganj.
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Table 8. Monthly mean values (£SD) of conductivity ( uS/cm) for all the study sites

Months Station-1 Station-2 Station-3
February 2016 108+20.6 116+17.4 103+18.6
March 2016 56+15.3 71+16.4 47+14.3

April 2016 56+14.3 64+16.6 74+15.6
May 2016 64+16.3 54+15.4 39+13.1
June 2016 38+14.1 37+13.7 48+14.4
July 2016 101+19.3 62+16.4 51+15.2
August 2016 58+17.8 40+12.4 36+11.3
September 2016 45+12.2 31+£11.5 42+12.6
October 2016 48+12.4 52+15.1 57£12.3
November 2016 47+11.2 43+11.1 66+13.6
December 2016 127+18.4 66+14.3 122+17.4
January 2017 164+18.6 101+17.7 116+15.6
February 2017 136+18.9 99+16.4 158+17.5
March 2017 118+17.4 159+18.6 132+17.8
April 2017 92+15.1 89+12.3 101+17.2
May 2017 101+16.2 106+17.3 102+16.1
June 2017 112+15.1 160+19.4 161+£19.6
July 2017 92+14.2 171+18.6 100+16.4
August 2017 110+16.2 101+14.3 103+15.4
September 2017 86.9+£13.6 67.3£12.1 51.9+12.3
October 2017 84.8+13.2 61.4+12.3 69.3+14.5
November 2017 94+16.4 118+18.5 119+17.6
December 2017 106+17.3 99+12 104+16.7
January 2018 148+18.3 159+18.3 160+18.2
Mean 91.36 88.61 90.09
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three study sites of Kuniar Haor, Kishoreganj
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Dissolved oxygen (DO)

The range of DO recorded during the present investigation ranged, 5.20-12.80
mg/I for Station-1, 4.40-14.80 mg/| for station-2 and 4.40-13.70 mg/I for station-3. The
highest monthly mean DO was recorded incase of station-1 in January 2018 and in the
month of September 2017 for both the study stations 2 and 3. Whereas, the lowest mean
DO was recorded in the month of January 2017 for station-1 and station-2, in the month
of April 2016 for station-3 (Table 9).

In the present research seasonal variation of DO shows higher concentration
during monsoon for all the stations whereas the lowest in pre-monsoon (Fig. 20). The
highest to the lowest seasonal trend of DO followed monsoon - post-monsoon - winter -
pre-monsoon for all the studied stations (Fig. 20).

The systemic annual trend of DO variation could be observed from the Fig. 21B.
It shows quite a high fluctuating nature in the ecosystem. The pattern for the stations are

almost same. A number of peak were observed in the same months.
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Fig. 20. Seasonal variation of DO in three study sites of Kuniar Haor, Kishoregan;j.
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Table 9. Monthly mean values (£SD) of DO (mg/l) for all the study sites
Months Station-1 Station-2 Station-3
February 2016 12.6+2.1 12+1.9 12.942.1
March 2016 6.4+1.1 8.8+1.4 8.4+1.6
April 2016 5.6x1.3 4.8+1.1 4.4+0.9
May 2016 9.8+1.9 8.9+1.7 9+1.8
June 2016 12.7£2.1 12.3+2.3 12.742.2
July 2016 12.4+2.3 11.7+1.8 11.6x1.5
August 2016 12.6+2.1 12.6+2.1 12+1.5
September 2016 6.4£1.1 6.8+0.9 6.8+1.2
October 2016 10.8+£1.7 6.8+0.9 9.6+1.9
November 2016 11.6+1.6 8.8+1.1 8.4+1.3
December 2016 8.8+1.4 4.4+1.3 8.8+2.2
January 2017 5.2+1.1 4.440.9 6+1.2
February 2017 8.2£1.7 9.542.2 8.2+1.4
March 2017 7.2£1.2 10.3£2.3 8.1+1.5
April 2017 8.4+1.6 7.7£1.2 8.9+1.8
May 2017 7.9+1.8 8.1+1.4 8.1+1.7
June 2017 11.5£1.6 14.6+2.4 10.3£1.9
July 2017 8.9+1.4 9.1+1.3 9.4+1.6
August 2017 9+1.4 11+2 10+1.3
September 2017 12.4+2.1 14.8+2.3 13.7+1.9
October 2017 8.6x£1.6 8.2+1.8 8.9+1.3
November 2017 8.61£1.2 9.1+1.8 8.3+1.4
December 2017 7.8+1.3 9.5+1.7 8.1+1.1
January 2018 12.8+2.3 10.3+£2.6 8.3+2.1
Mean 9.4 9.35 9.2

54



Chapter 4

Results
DO
2016-17 2017-18
5 18 —+—5t01
——— 16 —=-5t 02
14 - =5t 02 4503
& 14 -
12 1 d St 03
12
10
_ = 10 -
I :

o
o

T

T
oo

Jun
Jul

Mar |

T T )
o 5 v > c 5 a8 S O s
o o> Wwas >0 c 8 O @© 3 L o o
S © ) =) S ©
& <§ 2$O§82 LsSa<s S gw O =za0 -5
Months Months

Fig. 21A. Monthly mean concentration of biogenic gas present in water (mg/l)
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Fig. 21B. Comparison of Dissolved oxygen (DO) between the years of 2016 and
2018 of three study sites of Kuniar Haor, Kishoreganj.
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Soluble reactive phosphorus (SRP)

The overall range of SRP for the whole study period (between February 2016 and
January 2018) showed 1.05-36.14 pg/l for station-1, 2.04-33.09 ug/l for station-2, and
3.65-55.28 for station-3. The highest monthly average concentration of SRP for all the
stations were recorded in the month of December 2017 whereas the lowest mean SRP
was recorded in the month of March 2016 for station-1, July 2016 for station-2 and
September 2016 for station-3 (Table 10).

In the present research, the seasonal variation of SRP within the study period was
observed higher during winter for both station-2 and station-3 and during monsoon for
station-1. It was lower in post-monsoon for all stations (Fig. 22). The highest to the lowest
seasonal trend of SRP followed winter-monsoon-pre monsoon-post-monsoon for station-
2 and station-3, monsoon - winter - pre-monsoon - post-monsoon for station-1 (Fig. 21).

The SRP exhibited very much remarkable fluctuation over the study. It showed
several peaks in different study period, i.e. June 2016 and December 2017 for all stations.
(Fig. 23B).
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Fig. 22. Seasonal variation of SRP in three study sites of Kuniar Haor, Kishoregan;.
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Table 10. Monthly mean values (xSD) of SRP (ug/l) for all the study sites
Months Station-1 Station-2 Station-3
February 2016 10.05+4.5 12.83+5.2 30.3+13.2
March 2016 10.45+4.6 7.21+£3.2 19.37+11.4
April 2016 8.17+2.3 2.18+1.01 11.91+3.8
May 2016 6.99+2.1 9.03+2.4 10.35+£3.3
June 2016 21.21+£12.1 25.31+12.3 21.21+10.1
July 2016 6.31+2.2 4.04+1.7 6.31+2.1
August 2016 14.3+7.2 13.35+6.7 16.69+7.4
September 2016 18.52+6.2 14.82+7.5 3.64+1.04
October 2016 36.02+14.8 10.6349.7 10.06+6.4
November 2016 23.95+12.6 4.6+1.4 13.62+4.7
December 2016 4.87+1.7 15.29+3.9 24.26+11.3
January 2017 7.59+3.2 19.77+8.4 22.02+10.3
February 2017 27.431£9.7 33.09+13.6 11.7743.8
March 2017 17.83+6.3 5.12+2.7 7.73£3.2
April 2017 15.97+5.3 31.89+12.4 20.06+9.5
May 2017 12.98+4.6 9.09+3.8 13.44+4.6
June 2017 12.12+4.3 3.76+1.2 4.42+2.1
July 2017 21.37+9.2 23.13+£10.1 52.08+15.6
August 2017 17.37+ 20.6+£9.4 14.67+6.8
September 2017 27.52+12.3 12.47+7.8 14.62+7.3
October 2017 5.41+3.2 6.48+2.8 6.68+3.1
November 2017 10.944,3 10.53+7.4 14.28+7.3
December 2017 36.14+9.8 33.09£10.7 55.28+15.6
January 2018 11.7+4.7 15.1246.3 41.65+13.4
Mean 15.65 13.79 18.59
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Fig. 23B. Comparison of SRP between the years of 2016 and 2018 of three
study sites of Kuniar Haor, Kishoreganj.
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Soluble reactive silicate (SRS)

The concentration of SRS varied from 0.77-16.29 mg/l for station-1, 0.77-16.29
mg/I for station-2 and 2.12-23.19 mg/I for station-3. The highest monthly average of SRS
was recorded in the month of September 2016 for station-1 and 2 and in the month of
December 2017 for station-3. Whereas, the lowest mean SRS was recorded in the month
of July 2016 for station-1 and 3 and in August 2016 for station-2 (Table 11).

Fig. 24 shows the seasonal flux of SRS, from where it is seen that the highest
seasonal mean of SRS was recorded during winter for all stations. The lowest mean value
was recorded during pre-monsoon for station-1 and 3. And it was recorded low for station-
2 during the monsoon.

The concentrations of SRS fluctuated fairly in different months. The general
pattern of variation is a gradual depleting trend in the concentration of SRS during January
2017 to June 2017 for station-land 3. However, a regular ups and downward flux in the
concentration of SRS for the station-2 was observed but no such steady trend was ever

showed by any station during the study period (Fig. 25 B).
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Fig. 24. Seasonal variation of SRS in three study sites of Kuniar Haor, Kishoreganj.

59



Chapter 4
Results

Table 11. Monthly mean values (xSD) of SRS (mg/l) for all the study sites

Months Station-1 Station-2 Station-3
February 2016 4.13+2.2 3.12+1.6 2.92+1.2
March 2016 11.2+4.4 3.98+1.6 3.98+1.5
April 2016 5.65+1.7 9.22+3.6 15.425.7
May 2016 9.46+2.8 4.8742.3 2.68+1.1
June 2016 9.46x2.4 9.07£1.5 2.9£0.7
July 2016 3.03+1.3 2.57+1.2 2.11+0.9
August 2016 0.77+0.01 2.04£1.02 16.54%3.7
September 2016 16.28+4.12 20.1+4.9 16.58+5.1
October 2016 5.05+1.6 14.04+4.7 5.93+1.7
November 2016 5.284+2.3 4.87+1.7 8.43+3.4
December 2016 15.004+3.9 16.56+4.7 13.44%4.3
January 2017 9.21+4.8 10.62+4.4 12.18+4.7
February 2017 7.92+3.4 12.99+4.6 8.51+2.7
March 2017 7.73+£3.6 15.82+4.7 10.4+4.1
April 2017 7.69+2.8 5.83+2.2 9.04+3.6
May 2017 3.96+1.4 12.09+3.8 5.78+1.7
June 2017 3.24+1.3 5.003+2.4 5.18+2.1
July 2017 11.71+4.3 4.83+1.9 3.98+1.7
August 2017 14.3+4.6 11.76+3.8 10.48+3.4
September 2017 8.96+2.8 10.23+3.8 10.24+3.7
October 2017 11.7913.2 11.35¢4.1 20.37£4.3
November 2017 5.03t1.4 5.03t£1.6 12.65+3.6
December 2017 11.02+4.8 12.9945.1 23.19+5.2
January 2018 11.59+3.6 15.82+5.2 16.2+3.7
Mean 8.31 9.37 9.97
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Fig. 25A. Monthly mean concentrations of SRS (pg/l)
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Fig. 25B. Comparison of SRS between the years of 2016-2018 of three study
sites of Kuniar Haor, Kishoreganj.
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Nitrate-nitrogen (NO3-N)

During the study period between February 2016 and January 2018, the range of
NOs-N was 0.11-1.15 mg/l for station-1,0.07-0.62 mg/l for station-2 and 0.04-1.05
respectively. The highest monthly mean NOs-N were recorded in the month of February
2016 for all stations, whereas the lowest mean NOs-N were obtained in the month June
2017 for station-1,2 and 3. (Table 12).

In the present research the seasonal variation of NO3s-N showed the highest value
during pre monsoon and lowest in post monsoon for all stations. For station-2 the highest
value observed during pre monsoon and lowest in post monsoon (Fig. 26). The highest to
lowest NOs-N seasonal trend followed pre monsoon-monsoon-winter-post monsoon for
station-1 and 2, pre monsoon-winter-monsoon-postmonsoon for station-3 (Fig. 26).

The concentration of NOs-N is lower during monsoon and post monsoon in all
stations. Moreover, station-1 shows higher concentration of NO3-N comparatively. The
annual fluctuation of this parameter of the studied habitat did not varied significantly
during the second phase of the study period i.e. similar trends of the fluctuations noticed.
(Fig. 27B).
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Fig. 26. Seasonal variation of NO3z-N in three study sites of Kuniar Haor, Kishoreganj.
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Table 12. Monthly mean values (+SD) of NOs-N (mg/l) for all the study sites

Months Station-1 Station-2 Station-3
February 2016 0.359+0.03 0.409+0.05 0.405+0.05
March 2016 0.205+0.02 0.441+0.04 0.109+0.01

April 2016 0.248+0.02 0.324+0.03 1.05+0.02
May 2016 1.153+0.3 0.166+0.02 0.25340.03
June 2016 0.208+0.02 0.217+0.03 0.209+0.02
July 2016 0.428+0.05 0.622+0.07 0.508+0.06
August 2016 1.148%0.2 0.412+0.06 0.277%0.03
September 2016 0.172+0.01 0.213+0.03 0.189+0.02
October 2016 0.301+0.03 0.301+0.02 0.295+0.02
November 2016 0.143+0.01 0.089+0.01 0.184+0.01
December 2016 0.231+0.02 0.208+0.02 0.157+0.01
January 2017 0.34+0.03 0.199+0.01 0.207£0.02
February 2017 0.271+0.03 0.213+0.02 0.273+0.02
March 2017 0.19+0.02 0.322+0.03 0.352+0.03
April 2017 0.351+0.03 0.138+0.01 0.285+0.02
May 2017 0.131+0.01 0.31+0.03 0.207£0.02
June 2017 0.131+0.01 0.068+0.002 0.042+0.003
July 2017 0.114+0.01 0.249+0.03 0.131+0.01
August 2017 0.169+0.02 0.167+0.02 0.219+0.02
September 2017 0.136%0.02 0.14+0.03 0.203£0.02
October 2017 0.196+0.02 0.154+0.01 0.202+0.02
November 2017 0.168+0.01 0.186+0.01 0.186+0.01
December 2017 0.306%0.03 0.213+0.02 0.241+0.03
January 2018 0.355+0.04 0.322+0.03 0.394+0.03

Mean 0.310 0.253 0.274
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Fig. 27 B. Comparison of NOs-N between the years of 2016 and 2018 of
three study sites of Kuniar Haor, Kishoreganj.
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Biological parameters

Chlorophyll a (chl-a)

Range of chl-a for the period between February 2016 and January 2018 were
recorded 1.18-24.27ug/l for station-1, 1.78-21.90 g/l for station-2 and 2.37-32.56 pg/l
for station-3. The highest monthly average value of chl-a for station-1 were recorded in
June, 2016 whereas station-2 and station-3 showed higher values in the month of March, 2016.
The lowest concentration of chl-a were recorded in the month of January, 2018 for station-
1 and October, 2017 for station-2 and station-3 (Table 13).

In the present research, the seasonal variation of chl-a were observed higher during
pre monsoon and lower in post monsoon for both study periods. The highest to lowest
seasonal trend of chl-a followed pre monsoon-monsoon-winter-post monsoon for station-
2 and 3 monsoon-pre monsoon-winter-post monsoonfor station-1 (Fig. 28).

The annual fluctuation of chl-a resembles with the three stations. Station-1 is rich

in chl-a during the month of June 2016 and a continuous lower value observed during
January 2017 to December 2017 for all stations (Fig. 28).
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Fig. 28. Seasonal variation of chl-a in three study sites of Kuniar Haor, Kishoreganj.
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Table 13. Monthly mean values (xSD) of chl-a ( g/l ) for all the study sites

Months Station-1 Station-2 Station-3
February 2016 4.73+1.6 7.66+2.8 6.51+2.2
March 2016 14.843.1 21.94+6.8 32.56+7.3
April 2016 10.65+2.7 3.55+1.6 14.28+3.2
May 2016 6.51+1.7 8.88+1.9 5.32+1.8
June 2016 24.27+6.8 4.73+1.6 4.73+1.4
July 2016 10.06+3.1 20.12+4.3 8.28+2.4
August 2016 10.06+2.7 7.14+1.9 4.73+1.3
September 2016 5.32+1.7 6.51+2.1 10.06£2.7
October 2016 8.88+2.6 11.84+3.3 8.28+2.2
November 2016 5.32+1.6 6.51+1.8 2.96+1.2
December 2016 9.47+2.8 8.28+2.7 7.14+1.6
January 2017 6.51+1.3 7.69+2.2 10.65+3.4
February 2017 5.32+1.6 2.36x1.1 5.32+1.8
March 2017 2.96+1.07 9.46+2.7 2.36+1.08
April 2017 2.36+1.04 1.77£1.02 2.36+1.61
May 2017 4.73+1.6 8.28+2.7 5.92+2.2
June 2017 6.51+2.3 2.96+1.02 4.736+1.6
July 2017 3.54+1.2 4.14+1.6 4.73+1.3
August 2017 5.91+2.4 2.36+1.3 2.36x1.1
September 2017 1.78+0.9 3.54+1.2 2.96+£1.01
October 2017 1.77+0.8 1.77£0.9 2.36x£1.03
November 2017 1.77£0.9 1.77+0.7 2.36+1.02
December 2017 1.18+0.8 2.36+1.04 2.36+1.06
January 2018 1.75+0.9 9.46+3.1 9.47+2.8
Mean 6.50 6.88 6.78
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Fig.29 B. Comparison of chl-a between the years of 2016 and 2018 of
three study sites of Kuniar Haor, Kishoreganj.
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Phaeopigment (PP)

Range of monthly average phaeopigment for the period between February 2016
and January 2018 were recoded 0.37-25.30 pg/l, 0.13-46.32 pg/l and 0.54-25.26 pg/l for
station-1,2 and 3, respectively. The highest monthly average of phaeopigment for station-
1 were recorded in June, 2016 whereas station-2 and station-3 showed higher values in the
month of March, 2016. The lowest concentration of phaeopigment were recorded in the
month of April, 2017 for both station -1 and station -3, August 2017 for station-2. (Table
14).

In the present investigation, during pre monsoon station-2 and station-3 showed
a higher variation of phaeopigment, the higher value for station-1 were observed in
monsoon. In the winter all stations attained a lower magnitude of phaeopigment. (Fig.
30).

During the study period phaeopigment concentration varied in the year of 2017-
2018 than the year of 2016-2017 for all stations. It has also shown that the mean
concentration of phaeopigment for station-3 is comparatively higher than other two (Fig.
31 B).
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Fig. 30. Seasonal variation of phaeopigment in three study sites of Kuniar Haor,

Kishoregan;.
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Table 14. Monthly mean values (xSD) of phaeopigment ( pg/l ) for all the study sites

Months Station-1 Station-2 Station-3
February 2016 1.504+0.4 3.536+1.2 1.392+0.3
March 2016 23.88+5.7 46.32+8.9 25.26+6.8
April 2016 0.96+0.04 2.27+1.1 16.17+3.2
May 2016 4.304+1.6 3.476+1.2 5.412+1.9
June 2016 9.42+2.9 4.64+1.6 13.15+3.2
July 2016 25.29+5.8 7.32+2.4 3.36+1.2
August 2016 3.488+1.3 6.2+3.3 5.41+2.3
September 2016 6.736+2.4 5.136+2.1 4.496+2.7
October 2016 3.61£1.3 10.624+3.5 4.192+2.3
November 2016 2.056+1.1 1.808+0.7 2.032+1.02
December 2016 3.008+1.3 2.528+1.1 2.88+1.2
January 2017 4.304+2.2 3.952+1.03 7.64+3.7
February 2017 3.824+1.02 1.045+0.3 1.328+0.8
March 2017 0.368+0.02 1.345+0.5 2.624+1.2
April 2017 0.96+0.06 1.552+0.6 0.544+0.04
May 2017 4+1.6 2.944+1.1 7.392+2.7
June 2017 2.224+1.02 4.944+1.7 3.168+1.6
July 2017 1.024+0.4 1.267+0.3 3.168+1.2
August 2017 1.154+0.5 0.13+0.01 3.036+1.7
September 2017 2.384+0.97 1.44+0.4 0.784+0.07
October 2017 1.968+0.3 1.552+0.2 0.964+0.3
November 2017 1.552+0.2 1.55+0.7 0.544+0.03
December 2017 1.184+0.7 1.045+0.6 3.04+1.1
January 2018 1.957+0.9 1.345+0.8 2.17+1.02
Mean 4.63 491 5.007
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Fig. 31B. Comparison of phaeopigment between the years of 2016 and 2018 of
three study sites of Kuniar Haor, Kishoreganj.
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Phytoplankton density (PD)

Range of monthly average phytoplankton density for the period between February
2016 and January 2018 were recorded 1.80-37.80x 10%ind./I for station-1, 3.37-62.20x10*
ind./I for station-2, and 4.08-46.90 x10*ind./I for station-3. The highest monthly average
of phytoplankton density was recorded during the month of April 2016 for station-1 and
3, March, 2016 showed a high range in station-2. The lowest were recorded in the month
of November 2016 for station 1 and 2 July 2016 for station 3(Table 15).

In the present investigation, the seasonal variation of phytoplankton density
observed higher pre monsoon and lower in post monsoon for all stations (Fig. 33).

During the study period, the amount of phytoplankton density was quite equal in
both years for the stations. During the study period of phytoplankton density showed a
rising tendency after the month of January and April decreasing tendency just after
September (Fig. 3).
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Fig. 32. Seasonal variation of phytoplankton density in three study sites of Kuniar Haor,
Kishoregan;.

71



Chapter 4

Results

Table 15. Monthly mean values (xSD) of phytoplankton density for all the study sites

Months Station-1 Station-2 Station-3
February 2016 7.4+3.4 41.2+10.1 26.6+6.8
March 2016 23.37+6.7 62.2+12.6 4.08+1.9
April 2016 23.645.8 23.1+5.7 46.9+11.3
May 2016 6.8+2.4 20.845.6 15.444.2
June 2016 4.3+1.3 19.3+4.2 14.243.6
July 2016 8+1.7 15.04+3.8 4.12+1.4
August 2016 9.5+3.2 3.37+1.1 12.6+3.4
September 2016 1.8+0.4 1443.5 10.07+2.8
October 2016 14.04+3.6 7.1£1.3 8.4+1.8
November 2016 3.4%£1.2 3.4+1.1 7.8£1.6
December 2016 14.3+3.8 8.12+2.2 6.3£1.7
January 2017 21.4+4.6 29.145.3 10.08+2.6
February 2017 9.36+2.4 16.43+4.2 9.3+3.1
March 2017 10.2+2.8 7.26+2,3 6.27+2.1
April 2017 37.81£9.6 17.4+3.8 35.04+7.4
May 2017 12.73+3.3 15.3+3.8 10.56+2.9
June 2017 15.18+2.6 11.2242.8 11.3443.1
July 2017 11.04+2.5 22.05+3.2 12.54+2.3
August 2017 12.41+3.1 13.84+2.1 12.21+£2.5
September 2017 3.4+1.2 5.28+1.4 5.2+1.6
October 2017 7.37+1.8 5.1+1.2 5.85+1.1
November 2017 7+2.2 5.02+1.1 7.212.1
December 2017 8.82+2.4 12.843.1 12.6+2.8
January 2018 8.5+2.3 16.1+3.7 36+6.7
Mean 11.73833 16.43875 13.7775
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Fig. 33B. Comparison of phytoplankton density between the years of 2016 and
2018 of three study sites of Kuniar Haor, Kishoreganj.
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Flora of Kuniar Haor
Macrophyte density
The community of aquatic macrophyte represented of 48 species. The distribution
of macrophytes in the Haor basin varied in different seasons. The macrophyte
population of the Haor was mainly represented by angiosperms. Sesbania bispinosa,
Ipomoea aquatica, Barringtonia acutangula, Ottelia alismoides, Blyxa auberti, and

Ludwigia adscendens were seen all over the investigation period (Table 16).

Table 16. List of macrophytes and their abundance

DICOTYLEDONS

Sl Wetland macrophytes
No. Name of Family Name of Genus  of Kuniar Haor Station-1 Station-2 Station-3

1 Acanthaceae Hygrophila auriculata + + +

Hygrophila  (K.Schum.) Heine

Achyranthes  Achyranthes aquatica + ++ ++
R.Br.
2 Amaranthaceae Alternanthera Alternanthera ++ ++ +++

phyloxeroides
(Mart.) Griseb

3 Ceratophyllaceae Ceratophyllum Ceratophyllum + +++ +++
demersum L.
4 Compositae Enhydra  Enhydra fluctuans Lour. + +++ +++
5 Convolvulaceae Ipomoea  Ipomoea aquatica Forsk. — ++ +++ ++
6 Haloragaceae = Myriophyllum Myriophyllum - ++ ++
tuberculatam
Roxb.
7 Hydrophyllaceae  Hydrolea Hydrolea zeylanica (L.) + +++ +++
Vahl.

*%

“+ =0 - 2 ind/quadrat, ++ = 3 - 6 ind/quadrat and +++ = 7 - 10 ind/quadrat.
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(Contd.)
DICOTYLEDONS
Sl Name of Name of Wetland Station-1 Station-2 Station-3
No. Family Genus macrophytes of
Kuniar Haor
8 Nymphoidea cristatum I + <
Menyanthaceae Nymphoides (Roxb.) O. Kuntze
9 Nelumbo  Nelumbo nucifera Gaertn. - ++ ++
Nymphaea nouchali - - +
Nymphaeaceae Nymphaea Burm. f.
10 Ludwigia adscendens (L.) I A e Sainls
Hara
Onagraceae Ludwigia Ludwigia repens Forst. ++ ++ +++
Cat.
11  Papilionaceae  Aeschynomene Aeschynomene aspera L. - + +
12 Polygonum lanatum + + ++
Roxb.
Polygonaceae Polygonum  Polygonum tomentosum + ++ ++
Willd.
13 Limnophila heterophylla + ++ +++
(Roxb.) Benth.
Scrophulariaceae Limnophila  Limnophila indica (L.) + ++ -
Druse.
14 Trapaceae Trapa Trapa maximowiczii + + ++
Korshinsky.

*%

“+ =0 - 2 ind/quadrat, ++ = 3 - 6 ind/quadrat and +++ = 7 — 10 ind/quadrat
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MONOCOTYLEDONS
Sl Name of Name of Aquatic Station-1 Station-2 Station-3
No. Family Genus Angiosperms of
Kuniar Haor
Sagittaria - +
1 Alismataceae Sagittaria guayanensis +
H.B.K. Sp. Lappula.
Sagittaria sagittifolia - - +
L.
2 Aponogetonaceae Aponogeton Aponogeton + + ++
appendiculatus
Bruggen
3 Araceae Pistia Pistia stratiotes L. ++ ++ +++
Cyperus articulatus L. + + ++
Cyperus cephalotes - + +
Vahl
Cyperus Cyperus corymbosus - + +
Rottb.
Cyperus tegetiformis - - +
4 Cyperaceae Roxb.
Eleocharis Eleocharis dulcis + i+ ++
(Burm.f.) Trin. Ex
Hensch.
Schoenoplectus Schoenoplectus - + ++
articulatus
(L.) Palla
5 Eriocaulaceae Eriocaulon  Eriocaulon setaceum L. + ++ +++
Hygroryza  Hygroryza  aristata T ++ ++
(Retz.) Nees ex
6 Gramineae Wight & Arn.
Oryza Oryza rufipogon Griff. + + ++
Panicum Panicum paludosum + +

*k

“+=0-2ind/quadrat, ++ = 3 - 6 ind/quadrat and +++ = 7 - 10 ind/quadrat.
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(Contd.)
MONOCOTYLEDONS
Sl
No. Name of Family Name of Aquatic Station-1 Station-2 Station-3
Genus Angiosperms of
Kuniar Haor
Blyxa Blyxa japonica (Mig.) + ++ ++
Maxim.
Hydrilla Hydrilla verticillata ++ +++ +++
(L.f.) Royle
Hydrocharis  Hydrocharis dubia - + +
(BI.) Backer
7 Hydrocharitaceae
Nechamandra Nechamandra - + ++
alternifolia
(Roxb.) Thw.
Vallisneria ~ Vallisneria spiralis L. + + +++
Lemna Lemna perpusilla + + ++
8 Lemnaceae Torrey
Spirodela Spirodela polyrhiza - + +
(L.) Schleid.
9 Limnocharitaceae Limnocharis Limnocharis flava + + +
(L.) Buch.
In Bremen
10 Najadaceae Najas Najas indica (Willd.) - + +
Cham.
Eichhornia  Eichhornia crassipes ++ ++ +++
(Mart.) Solms in
A.DC.
11  Pontederiaceae Monochoria hastata + + ++
(L.) Solms in A. DC.
Monochoria
Monochoria vaginalis + + ++
(Burm.f.) Presl
12 Potamogetonaceae Potamogeton Potamogeton crispus =5 ++ ++
L.
13 Pteridophytes Salvinia Salivinia cucullata - + +++
Salviniaceae Roxb.
Salvinia sp. - + ++

*k

“+=0-2ind/quadrat, ++ = 3 - 6 ind/quadrat and +++ = 7 - 10 ind/quadrat.
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Quialitative and quantitative analysis of phytoplankton
Phytoplankton diversity

In the present investigation a total of 215 phytoplankton samples was collected
from three study sites of Kuniar Haor. All these samples were studied for qualitative and

quantitative data.

Quialitative data and Composition

In the present investigation 51, 52 and 51 genera were represented in the
phytoplankton communities for station-1, station -2 and station-3 respectively. The genera
were recorded from station-1, station -2 and station-3 belonged to six divisions
(Cyanophyta, Chlorophyta, Euglenophyta, Chrysophyta, Pyrrophyta and Cryptophyta
(Table 19-21).

Genus level percentage composition shows that Chlorophyta dominates in three
stations and occupied 39.2%,40.3% and 35.2% for station-1, station -2 and station-3
respectively, followed by Chrysophyta (29.4% for station-1, 26.9% for station-2 and
31.3% for station-3), Euglenophyta (11.7% for station-1, 11.5% for station-2 and 11.7%
for station-3), Cyanophyta (9.8% for station-1, 9.6% for station-2 and7.8% for station-3),
Cryptophyta (7.8% for station-1, 5.8% for station-2 and 11.7% for station-3), and
Pyrrhophyta can be treated as a minor group for all study sites (1.9% for station-1, 5.8%
for station-2 and 3.9% for station-3). (Table 17).

At the species level, a total of 115,120 and 90 species were recorded from station-
1, station -2 and station-3 respectively. Maximum number of species 37.4% (station-1),
34.1% (station-2), and 37.7% (station-3) among the flora studied was represented by the
Chrysophyta. Chrysophyta followed by Euglenophyta (28.7%in station-1, 31.7% in
station-2 and 28.8% for station-3), Chlorophyta (21.7% for station-1, 23.3% for station-
2 and 21.1% for station-3), Cyanophyta (6.08% for station-1, 4.1% for station-2 and 4.4%
for station-3), Cryptophyta (3.5 % for station-1, 3.3% for station-2 and 5.5% for station-
3) and Pyrrophyta (2.6% for station-1, 3.3% for station-2 and 3.3% for station-3) (Table
18).
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Table 17. The Number of genera recorded from different divisions of algae as

phytoplankton from three study sites (percentage of the total has been provided

within parenthesis).

No. of genera

Divisions Station -1 Station -2 Station -3
Cyanophyta 5 (9.8 %) 5 (9.6%) 4 (7.8%)
Chrysophyta 15 (29.4%) 14 (26.9%) 16 (31.3%)
Chlorophyta 20 (39.2 %) 21(40.3%) 18 (35.2%)
Euglenophyta 6 (11.7 %) 6 (11.5%) 6 (11.7%)
Pyrrhophyta 1 (1.9%) 3 (5.8%) 2 (3.9%)
Cryptophyta 4 (7.8%) 3 (5.8%) 5 (11.7%)

Total 51 52 51

Table 18. The Number of species recorded from different divisions of algae as

phytoplankton from three study sites (percentage of the total has been provided

within parenthesis).

Division

No. of species

Station -1 Station -2 Station -3
Cyanophyta 7 (6.08%) 5 (4.1%) 4 (4.4%)
Chrysophyta 43 (37.4%) 41 (34.1%) 34 (37.7%)

Chlorophyta
Euglenophyta
Pyrrhophyta
Cryptophyta

Total

25 (21.7%)
33 (28.7%)
3 (2.6%)
4 (3.5%)

115

28 (23.3%)
38 (31.7%)
4 (3.3%)
4 (3.3%)

120

19 21.1%)
26 (28.8%)
3 (3.3%)
5 (5.5%)

90
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Micoscopic study of Phytoplankton
Station-1
Table 19 shows the counted phytoplankton genera and their individual proportion
of counts of station-1. In this station Oscillatoria belonging to Cyanophyta, , Crucigenia,
Coelastrum, Scenedesmus, Carteria, Chlamydomonas, Mougeotia, Oocystis,
Cosmarium and Staurastrum belonging to Chlorophyta, Trachelomonas, Lepocinclis,
Euglena, Strombomonas, Rhodomonas and Phacus belonging to Euglenophyta,
Melosira, Cymbella, Cyclotella, Gomphonema, Eunotia, Synedra, Fragilaria, Navicula,
Pinnularia, and Nitzschia belonging to Chrysophyta, Peridinium and Gymnodinium

belonging to Pyrrhophyta and Chroomonas and Cryptomonas belonging to Cryptophyta
were observed.

Station -2

Table 20 shows the recorded phytoplankton genera and their individual proportion
of count in station-2. In this Station Melosira, Cyclotella, Trachelomonas, Euglena,
Oscillatoria, Peridinium, Cryptomonas, Synedra, Navicula, Eunotia, Gyrosigma,

Rhodomonas Coelastrum, Strombomonas and Chlamydomonas were dominant.

Station -3

Table 21 shows the counted phytoplankton genera and their individual density of
Station-3. In this lake Cyclotella, Trachelomonas, Dictyophaerium, Euglena,
Oscillatoria, Peridinium, Cryptomonas, Crucigenia, Surirella, Pandorina, Synedra,

Pelonema, Eunotia, Nitzschia Coelastrum, Strombomonas, Phacus and Chlamydomonas

were dominant.
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Table 19. List of the phytoplankton species counted in two years of study in Station-1.

Division Species Total no. received
Achnanthes sp. 02
Achnanthes minutissima Kiitz 03

Cymbella parva Kichner 07
Cymbella turgidula Grun. 03
Cyclotella meneghiniana Kiitz 02
Cyclotella comensis Grunow in Van Heurck 09
Cyclotella comta var. affinis Grunow in Van Heurck 09
Chaetoceros compressus Lauder 02
Coscinodiscus lineatus Ehrenberg 03
Eunotia monodon Ehr. 05
Eunotia robusta Ralfs in Pritchard 04
Fragilaria intermedia Grunow 03
Fragilaria crotonensis Kitton 05
Fragilaria capucina var.lanceolata Desm. 04
Gomphonema lanceolatum var. turris (Ehrenberg) Hust. 08
Gyrosigma scalproides (Rabh.) Cleve 03
Gyrosigma distortum var parkei (Harrison.) Cleve 03
Gyrosigma attenuatum (Kitz) Rabenhorst 06
Melosira distans var. alpigena Grunow in Van Heurck 13
Chrysophyta | Melosira granulata var. angustissima Mull 46
Melosira granulata var. curvata 10
Navicula Americana Ehrenberg 02
Navicula bacillum Ehrenberg 01
Navicula radiosa Kiitz. 03
Navicula pupula Kiitz. 14
Navicula placentula (Her.) var. rostrata 06
Navicula cuspidate Kiitzing 03
Navicula pseudohalophila Cholnoky 02
Navicula grimmei krasske in Hustedt 02
Nitzschia acicularis (Kitzing) W. Smith 03
Nitzschia longissima (Bréb.) Grunow 03
Nitzschia linearis W. Smith 05
Pinnularia molaris (Grun.) Cleve 07
Pinnularia gibba var. parva Frenguelli 05
Pinnularia major (Kitz.) Rabenhorst 02
Pinnularia pulchara @strup 02
Surirella robusta Ehrenberg 09
Surirella angustata Ktz in Germain 06
Synedra acus Kiitz 15
Synedra ulna (Nizsch) Her. 13
Synedra tabulate Kitzling 02
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Euglenophyta

Results
Species Total no. received

Astasia pygmaea Skuja 03
Euglena oblonga Schmitz 02
Euglena gojdicsae Prescott 01
Euglena rostrifera Johnson 03
Euglena viridis (Muller) Ehrenberg 02
Euglena acus var. longissima Defl. 18
Euglena tripteris (Dujardin) Klebs. 01
. Euglena mainxii Defl. 05
Euglena spathirhyncha Skuja 02
Euglena clavata Skuja. 03
Euglena variabilis Klebs. 02
Euglena caudate Lemm. 04
Euglena agilis var. praexicisa 02
Euglena hemichromata Skuja 02
Euglena allorgei Defl. 03
Lepocinclis salina Fitsch 02
Lepocinclis ovum var. major (Huber-Pestalozzi) 08
Conr.

Phacus ephippion Pochm 03
Phacus longicauda var. attenuata (Pochm.) Huber- 04
Pestalozzi

Trachelomonas volvocina Ehrenberg 08
Trachelomonas oblonga var. truncata Lemm. 01
Trachelomonas cylindrica Ehr 02
Trachelomonas scabra var. pygnea Playfair 02
Trachelomonas anguste-ovata fa. Minor Islam 01
Trachelomonas hispida var. coronata Lemm. 01
Trachelomonas playfairii 02
Trachelomonas compacta 02
Trachelomonas pulcherrima Roll 01
Trachelomonas rugulosa Stein 02
Trachelomonas bernardi Woloszynksa 01
Trachelomonas intermedia Dang 02
Trachelomonas eurystoma var. minuta Stein. 01
Trachelomonas lismorensis var. inermis Playfair 01
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Trachelomonas planctonica Swir. 03
Trachelomonas tshopoensis Van Oye 03
Strombomonas verrucosa var. borystheniensis Stokes 02
Strombomonas fluviatilis Defl. 04
Strombomonas gibberosa var. tumida 06
Ankistrodesmus falcatus (Corda)Ralfs 02
Carteria radiosa Kors. 08
Chlamydomonas gloeopara Rodhe et Skuja 02
Closterium calosporum 02
Cosmarium pseudopyramidatum var. lentiferum 02
Crucigenia mucronata (G. M. Smith) Kom. 01
Crucigeniella crucigera (Wolle) Komérek 02
Crucigenia tetrapedia (Kirchner) W. West G.S. West 02
Chlorophyta "Chigrella vulgaris Beyerinck 01
Coelastrum microporum Nageli 02
Dictyosphaerium granulatum Hind. 02
Dictyosphaerium subsolitarium Van Goor 01
Eudorina elegans Ehrenberg 01
Kirchneriella subcapitata Kors 02
Mougeotia sp. 07
Monoraphidium griffithii (Berkely) Kom. Legn. 04
Oocystis pyriformis Prescott 03
Oocystis borgei Snow 08
Pandorina sp. 02
Planktosphaeria gelatinosa GM Smith 03
Pediastrum duplex Meyen 03
Spirogyra sp. 04
Scenedesmus opoliensis var. contacta 03
Staurastrum sp. 03
Scenedesmus incrassatulus Bohlin 02
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Tetraedriella spinigera Skuja 01

Tetrastrum heteracanthum fa. elegans Ahlstrom et Tiff 02

Merismopedia punctata Meyen in Wiegmann 02

Gloeocapsa decorticans (A.Br.) Richter ex Wille 01

Microcystis incerta Lemm. 01

Cyanophyta | Pelonema aphane Skuja 05
Microcystis holsatica Lemm 01

Merismopedia elegans A.Braun ex Kitzling 01

Oscillatoria pseudogeminata G. Schmid 07

Cryptomonas ovata Ehr. 09

Cryptomonas erosa Ehrenberg 22

Cryptophyta| Cryptomonas reflexa Skuja 06
Chroomonas acuta Utermohl 03

Rhodomonas minuta Skuja 13

Ceratium extensum Cleve 06

Peridinium cinctum (Mdller) Ehrenberg 24

Pyrrophyta Peridinium quinquecorne T.H.Abe. 04
Peridinium aciculiferum Lemn 10
Protoperidinium sp. 16

Table 20. List of the phytoplankton species counted in two years of study in Station-2.

Division Specie Total no.
S received
Achnanthes sp. 02
Achnanthes longipes 02
Centritractus belenophorus 01
Cymbella parva 04
Cymbella gracilis (Rabch.) CI. 03
Chrysophyta Cymbella turgidula 06
Cyclotella meneghiniana Kiitz 03
Cyclotella comta var. affinis Grunow in Van Heurck 07
Cyclotella comensis 06
Cyclotella kuetzingiana Thwaites 02

84



Chapter 4

Results
Eunotia monodon 02
Eunotia robusta 03
Fragilaria intermedia. 05
Fragilaria crotonensis Kitton 03
Fragilaria capucina var. lanceolata 03
Gomphonema lanceolatum var. turris 07
Gyrosigma scalproides 02
Gyrosigma distortum var. parkei 10
Gyrosigma attenuatum 02
Melosira distans 11
Melosira granulata var. angustata 39
Chrysophyta Melosira granulata var. curvata 05
Melosira moniliformis 04
Navicula americana 09
Navicula radiosa 04
Navicula anglica 02
Navicula pupula 12
Navicula mutica 02
Navicula placentula var. rostata 06
Navicula cuspidata 04
Navicula grimmei 03
Nitzschia acicularis (Kutzing) W. Smith 05
Nitzschia alpine (N&g) Hustedt 04
Nitzschia linearis 04
Pinnularia molaris 02
Pinnularia gibba var. parva 12
Pinnularia major 10
Pinnularia pulchara 02
Surirella robusta 07
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Astasia pygmaea Skuja 03
Euglena oblonga Schmitz 02
Euglena gojdicsae Prescott 02
Euglena viridis (Muller) Ehrenberg 02
Euglena acus var. longissima 10
Euglena tripteris (Dujardin) Klebs 02
Euglena mainxii Defl. 02
Euglena spathirhyncha 01
Euglena clavata Skuja 03
Euglena variabilis Klebs 02
Euglena caudate Lemm 02
Euglena agilis var. praexicisa 01
Euglena hemichromata 01
Euglena allorgei 04
Lepocinclis salina 02
Euglenophyta Lepocinclis ovum var. major 11
Phacus ephippion 04
Phacus longicauda var. attenuata (Pochm.) Huber- 05
Pestalozzi
Trachelomonas volvocina Ehrenberg 15
Trachelomonas oblonga var. truncate Lemm. 08
Trachelomonas cylindrica Ehr 05
Trachelomonas scabra var. pygnea 04
Trachelomonas anguste-ovata fa. minor 03
Trachelomonas hispida var. coronata 09
Trachelomonas playfairii 08
Trachelomonas compacta 04
Trachelomonas pulcherrima Roll 04
Trachelomonas rugulosa 03
Trachelomonas bernardi 04
Trachelomonas intermedia 06
Trachelomonas eurystoma var. minuta 02
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Euglenophyta | Trachelomonas lismorensis var. inermis 03
Trachelomonas planctonica 07
Trachelomonas tshopoensis 04
Strombomonas verrucosa var. borystheniensis 03
Strombomonas gibberosa var. tumida 12
Strombomonas fluviatilis 06
Actinastrum hantzschii 03
Ankystrodesmus gracilis 03
Carteria radiosa Kors. 04
Chlamydomonas gloeopara Rodhe et Skuja 04
Closterium calosporum 03
Crucigenia mucronata (G. M. Smith) Kom. 02
Cosmarium pseudopyramidatum var. lentiferum 02
Crucigeniella crucigera (Wolle) Komérek 05
Crucigenia tetrapedia (Kirchner) W. West G.S. West 03
Chlorella vulgaris Beyerinck 02
Coelastrum microporum Nageli 03
Dictyosphaerium granulatum Hind. 02
Chlorophyta Dictyosphaerium pulchellum Wood. 02
Dictyosphaerium subsolitarium Van Goor 02
Eudorina elegans Ehrenberg 03
Golenkinia paucispina W. West & G. S. West. 01
Kirchneriella subcapitata Kors 03
Mougeotia quadrangulata Hassall 05
Mougeotia scalaris Hassall 03
Monoraphidium griffithi 08
Oocystis borgei 13
Oocystis nata 03
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Planktosphaeria gelatinosa GM Smith 03
Pediastrum duplex 04
Pediastrum simplex 04
Spirogyra sp. 03
Scenedesmus opoliensis  var. contacta 02
Chlorophyta | Scenedesmus incrassatulus Bohlin 03
Staurastrum punctulatum Brébisson ex Ralfs 04
Tetraedriella spinigera Skuja 02
Tetrastrum heteracanthum fa. elegans 03
Tetraedron trigonu 04
Anabaena ballyganglii J.C. Banerji 03
Merismopedia minima Beck in Beck 02
Merismopedia punctate Meyen in Wiegmann 01
Cyanophyta | Microcystis incerta Lemm. 02
Oscillatoria pseudogeminata G. Schmid 05
Pelonema aphane Skuja 04
Cryptomonas erosa Ehrenberg 18
Cryptomonas lucens Skuja 02
Cryptophyta | Cryptomonas reflexa Skuja 08
Mallomonas sp. 09
Rhodomonas ovalis Nygaard 02
Ceratium furca (Ehrenberg) Clapréde et 03
Lachmann
Pyrrhophyta Peridinium cinctum (Mdller) Ehrenberg 16
Peridinium aciculiferum Lemn 24
Protoperidinium conicoides 05
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Table 21. List of the phytoplankton species counted in two years of study in Station-3.

Division Species Total no.
received

Achnanthes sp. 03
Achnanthes longipes 02
Cymbella parva 07
Cymbella turgidula 03
Cyclotella meneghiniana Kutz 04
Cyclotella comensis 08

Chrysophyta | Cyclotella comta var. affinis Grunow in Van Heurck 07
Amphora ovalis (Kitzing) Kiitzing 01
Chaetoceros compressus Lauder 02
Eunotia monodon 03
Eunotia veneris (Kitz) De Toni 02
Eunotia robusta 05
Fragilaria intermedia. 02
Fragilaria crotonensis Kitton 02
Fragilaria capucina var.lanceolata 03
Gomphonema lanceolatum var. turris 07
Gyrosigma scalproides 04
Gyrosigma attenuatum 04
Melosira distans 08
Melosira granulata var. angustata 32
Melosira granulata var. curvata 07
Melosira italic ( Ehrenberg) Kiitzing 06

Chrysophyta  "Navicula americana 05
Navicula radiosa 03
Navicula pupula 09
Navicula mutica 03
Navicula placentula var. rostata 04
Navicula cuspidata 07
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Navicula mutica Kitz. 04
Nitzschia acicularis (Kutzing) W. Smith 07
Nitzschia linearis 03
Pinnularia molaris 04
Pinnularia gibba var. parva 12
Surirella ovata var. minuta 03
Synedra goulardii 02
Trachelomonas anulifera 02
Euglena variabilis Klebs 02
Euglena oblonga Schmitz 02
Euglena gojdicsae Prescott 01
Euglena rostrifera 03
Euglena viridis (Muller) Ehrenberg 04
Euglena acus var. longissima 12
Euglena tripteris (Dujardin) Klebs 03
Euglena mainxii Defl. 03
Lepocinclis ovum var. discifera 13
Trachelomonas cylindrica Ehr 02
Trachelomonas scabra var. pygnea 04
Euglenophyta Trachelomonas anguste-ovata fa. minor 02
Trachelomonas hispida var. coronata 02
Trachelomonas playfairii 02
Trachelomonas compacta 04
Trachelomonas pulcherrima Roll 04
Trachelomonas hexangulata 02
Trachelomonas eurystoma var. minuta 02
Trachelomonas lismorensis var. inermis 01
Trachelomonas planctonica 11
Trachelomonas dybowskii 02
Phacus indicus 03
Phacus schroeteri 02
Lepocinclis ovum var. major 05
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Lepocinclis steinii 02
Strombomonas gibberosa var. tumida 04
Arthrodesmus curvatus 02
Carteria globosa 05
Chlamydomonas sp. 07
Closteriopsis ascicularis var. ascicularis 03
Coelastrum sp. 04
Cosmarium birame var. barbadense 04
Crucigenia tetrapedia 02
Dictyosphaerium subsolitarium Van Goor 02
Hyaloraphidium contortum 02
Kirchneriella subcapitata Kors 03
Mougeotia sp. 08
Monorahidium arcuatum (Korsikov) Hind 02
Monoraphidium griffithi 03
Oocystis pyriformis Prescott 06
Oocystis borgei 11
Chlorophyta Phacotus angustus Pascher 04
Planktosphaeria gelatinosa GM Smith 07
Pediastrum duplex Meyen 05
Schroederia setigera (Schrod.) Lemmermann 03
Scenedesmus quadricauda 04
Selenastrum sp. 04
Spermatozoopsis exultans Kors. 05
Tetraedron arthrodesmiforme var. contorta 02
Wolosz.
Tetraedron minimum (A. Br.) Hansg. 03

91




Chapter 4

Results
Total no.
Division Species received

Anabaena ballyganglii J.C. Banerji 03
Microcystis holsatica 03
Merismopedia punctata Meyen in Wiegmann 02

Cyanophyta  "Ggcillatoria pseudogeminata G. Schmid 12
Oscillatoria willei Gardner em. Drouet 08
Cryptomonas erosa Ehrenberg 22
Cryptomonas marssonii Skuja 07
Cryptomonas obovata Czosnowski 03

Cryptophyta  |"cryntomonas phaseolus Skuja 04
Chroomonas acuta Utermohl 03
Mallomonas sp. 03
Rhodomonas minuta Skuja 03
Rhodomonas lacustris 02
Ceratium furca 04
Peridinium abei

Pyrrhophyta | peridinium cinctum (Mdiller) Ehrenberg 23
Peridinium aciculiferum Lemn. 18
Protoperidinium pellucidum 03
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Table 22. Density of dominant genus of phytoplankton (x10%ind./l) at different months of collection in Station-1
Total Others Total PD
Months Dominant 1 Dominant 2 Dominant 3 (Dominant)  x10*nd./l  x10%nd./I
x10%nd./I
Feb. '16 Cryptomonas 1.11 Trachelomonas 1.11 Acnanthes 0.74 2.96 4.44 7.4
Mar. '16 Melosira 3.69 Cymbella 2.87 Nitzschia 2.46 9.02 14.35 23.37
Apr.'16 Peridinium 5.2 Melosira 4 Oscillatoria 2 11.2 124 23.6
May 16 Navicula 1.21 Trachelomonas 0.81 Phacus 0.81 2.83 4.42 6.8
Jun. '16 Cryptomonas 0.93 Cyclotella0.93 Euglena 0.31 2.17 2.13 4.3
Jul. '16 Trachelomonas 3.2 Cryptomonas 2.88 Melosira 0.96 7.04 0.96 8
Aug. '16 Cryptomonas 1.42 Melosira 1.42 Trachelomonas 1.06 3.9 5.6 95
Sep. '16 Cyclotellal.08 Staurastrum 0.72 Cymbella 0.72 2.52 0.68 3.2
Oct. '16 Rhodomonas 3.6 Peridinium 2.16 Melosira 1.44 7.2 6.84 14.04
Nov. '16 Euglena 1.14 Srtombomonas 0.76 Carteria 0.38 2.28 1.9 4.18
Dec. '16 Peridinium 3.85 Cryptomonas 1.75 Rhodomonas 1.75 7.35 6.95 14.3
Jan. '17 Melosira 4.45 Rhodomonas 4.45 Oscillatoria 3.24 12.14 9.26 214
Feb. '17 Oscillatoria 1.56 Peridinium 1.56 Trachelomonas 1.3 4.42 4.94 9.36
Mar. '17 Navicula 1.86 Oscillatoria 1.56 Trachelomonas 1.24 4.66 5.54 10.2
Apr. '17 Melosira 7.56 Trachelomonas 5.4 Cryptomonas 4.68 17.64 20.16 37.8
May '17 Melosira 3.01 Mougeotia 2.34 Cymbella 0.67 6.02 6.71 12.73
Jun. '17 Melosira 3.3 Peridinium 1.65 Coelastrum 1.65 6.6 8.58 15.18
July. '17 Melosira 1.9 Oscillatoria 1.03 Eunotia 0.69 3.62 7.42 11.04
Aug. '17 Melosira 5.47 Peridinium 2.19 Oscillatoria 1.46 9.12 3.29 12.41
Sep. '17 Melosira 1.02 Peridinium 0.68 Oocystis 0.68 2.38 1.02 3.4
Oct. 17 Melosira 2.68 Euglena 0.67 Trachelomonas 0.67 4.02 3.35 7.37
Nov. '17 Melosira 2.1 Oscillatoria 1.75 Peridinium 1.4 5.25 1.75 7
Dec. '17 Trachelomonas 4.09 Euglena 1.26 Mallomonas 0.63 5.98 2.84 8.82
Jan.’18 Melosira 1.7 Navicula 1.27 Fraigilaria 0.85 3.82 4.68 8.5
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Table 23. Density of dominant genus of phytoplankton (x10%ind./l) at different months of collection in Station-2
Total Others Total PD
Months Dominant 1 Dominant 2 Dominant 3 (Dominant)  x10%nd./l  x10%nd./I
x10%nd./I
Feb. '16 Trachelomonas 7.31 Strombomonas 6.54 Euglena 3.85 17.7 23.5 41.2
Mar. '16 Trachelomonas Euglena 10.44 Peridinium 9.57 51.33 10.87 62.2
31.32
Apr.'16 Melosira 4.56 Rhodomonas 4.18 Cryptomonas 3.42 12.16 10.84 23.1
May '16 Synedra 3.24 Fragilaria 1.8 Coelastrum 1.44 6.48 14.32 20.8
Jun. '16 Navicula 1.52 Melosira 1.52 Trachelomonas 1.52 4.56 14.74 19.3
Jul. '16 Melosira 3.84 Cryptomonas 3.52 Trachelomonas 2.56 9.92 5.12 15.04
Aug. '16 Coelastrum 0.75 Synedra 0.75 Phacus 0.37 1.87 1.83 3.7
Sep. '16 Rhodomonas 3.5 Peridinium 3.5 Euglena 2.1 9.1 4.9 14
Oct. '16 Euglena 1.3 Oscillatoria 0.97 Melosira 0.97 3.24 3.86 7.1
Nov. '16 Strombomonas 1.2 Rhodomonas 0.8 Surirella 0.4 2.4 1.6 4
Dec. '16 Cryptomonas 2.61 Peridinium 1.74 Rhodomonas 1.74 6.09 2.03 8.12
Jan. '17 Peridinium 8.52 Trachelomonas 6.03 Cryptomonas 3.55 18.1 11 29.1
Feb. '17 Oscillatoria 3.44 Navicula 2.38 Gyrosigma 1.85 7.67 8.76 16.43
Mar. '17 Synedra 0.99 Gyrosigma 0.66 Cryptomonas 0.66 2.31 4.95 7.26
Apr. '17 Melosira 6.52 Trachelomonas 3.91 Ceratium 0.87 11.3 6.1 17.4
May ‘17 Melosira 3.28 Synedra 2.19 Oscillatoria 1.09 6.56 8.74 15.3
Jun. '17 Peridinium 1.36 Cyclotella 1.36 Melosira 1.36 4.08 7.14 11.22
July. '17 Melosira 14.8 Nitzschia 1.57 Cyclotella 0.94 17.31 4.74 22.05
Aug. '17 Melosira 7.81 Peridinium 1.42 Synedra 1.06 10.29 3.55 13.84
Sep. '17 Oscillatoria 1.65 Melosira 1.32 Euglena 0.66 3.63 1.65 5.28
Oct. 17 Melosira 1.09 Nitzschia 0.73 Synedra 0.73 2.55 2.55 51
Nov. '17 Oscillatoria 2.34 Synedra 1.05 Fragilaria 0.67 4.06 0.96 5.02
Dec. '17 Rhodomonas 4.26 Cryptomonas 3.55 Trachelomonas 2.84 10.65 2.15 12.8
Jan.’18 Trachelomonas 3.75 Cryptomonas 3.37 Peridinium 3 10.02 6.08 16.1
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Table 24. Density of dominant genus of phytoplankton (x10%ind./l) at different months of collection in Station-3 Results
Total Others Total PD
Months Dominant 1 Dominant 2 Dominant 3 (Dominant)  x10%nd./l ~ x10%nd./I
x10%nd./I

Feb. '16 Peridinium 4.55 Closteriopsis 3.85 Melosira 3.8 12.2 144 26.6
Mar. '16 Rhodomonas 0.68 Trachelomonas 0.68 Surirella 0.34 1.7 2.38 4.08
Apr. '16 Peridinium 9.66 Strombomonas 8.62 Rhodomonas 7.93 26.21 20.69 46.9
May '16 Coelastrum 2.76 Cyclotella 0.79 Cryptomonas 0.79 4.34 11.06 154
Jun. '16 Euglena 1.42 Cyclotella 1.42 Trachelomonas 1.06 3.9 10.3 14.2
Jul. '16 Melosira 1.8 Nitzschia 0.37 Oscillatoria 0.37 2.54 1.58 412
Aug. '16 Melosira 2.92 Peridinium 2.27 Lepocinclis 1.62 6.81 5.79 12.6
Sep. '16 Melosira 2.27 Peridinium 1.3 Pelonema 0.97 4.54 5.53 10.07
Oct. '16 Rhodomonas 2 Peridinium 1.6 Cryptomonas 1.2 4.8 3.6 8.4
Nov. '16 Peridinium 3.2 Melosira 1.84 Nitzschia 0.92 5.96 1.84 7.8
Dec. '16 Trachelomonas 2.48 Peridinium 1.65 Cryptomonas 1.1 5.23 2.17 7.4
Jan. '17 Trachelomonas 2.16 Rhodomonas 1.8 Euglena 1.44 5.4 4.68 10.08
Feb. '17 Synedra 1.33 Peridinium 1.3 Oscillatoria 1.3 3.93 5.37 9.3
Mar. '17 Strombomonas 0.99 Trachelomonas 0.99 Oscillatoria 0.99 2.97 3.3 6.27
Apr. '17 Melosira 13.92 Trachelomonas 7.68 Cyclotella 2.88 24.48 10.56 35.04
May '17 Synedra 1.98 Melosira 1.98 Cyclotella 1.65 5.61 4.95 10.56
Jun. '17 Scenedesmus 1.62 Synedra 1.62 Mougeotia 1.21 4.45 6.89 11.34
July. '17 Melosira 7.26 Oscillatoria 1.98 Trachelomonas 0.99 10.23 2.31 12.54
Aug. '17 Melosira 4.95 Peridinium 2.31 Trachelomonas 1.32 8.58 3.63 12.21
Sep. '17 Peridinium 1.3 Melosira 0.97 Cyclotella 0.97 3.24 1.96 5.2
Oct. 17 Melosira 2.6 Peridinium 0.97 Trachelomonas 0.65 4.22 1.63 5.85
Nov. '17 Melosira 2.31 Cymbella 0.99 Oscillatoria 0.99 4.29 291 7.2
Dec. '17 Euglena 3.96 Rhodomonas 2.16 Strombomonas 1.44 7.56 5.04 12.6
Jan.’18 Cryptomonas 13.8 Trachelomonas 5.25 Rhodomonas 4.5 23.55 12.45 36
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Table 25. Density of dominant species of phytoplankton (x10%ind./l) at different months of collection in Station-1
Total Others  Total PD
Months Dominant 1 Dominant 2 Dominant 3 Dominant 4 (Dominant)  x10%ind./l x10%ind./1
x10%nd./I
Feb. '16 Cryptomonas erosa 1.77 Trachelomonas volvocina 0.92 Achnanthes minutissima 0.69 Cymbella parva 0.58 3.96 3.44 7.4
Mar. '16 Melosira granulata 4.62 Cymbella turgidula 2.7 Peridinium aciculiferum 1.84 Nitzschia acicularis 0.94 10.1 13.27 23.37
Apr. '16 Peridinium aciculiferum 5.52 Melosira granulata 3.89 Oscillatoria pseudogeminata Navicula cuspidata .85 12.2 11.4 23.6
May 16 Navicula pupula 0.75 Trachelomonas planktonica 0.66 Cryptomoniégcfbovata 0.58 Phacus acuminatus 0.34 2.33 4.47 6.8
Jun. '16 Cryptomonas ovata 0.92 Cyclotella comta 0.79 Rhodomonas minuta 0.64 Peridinium aciculiferum 0.25 2.6 1.7 4.3
Jul. "16 Trachelomonas volvocina 1.2 Cryptomonas erosa 1.05 Melosira granulata 0.95 Spermatozoopsis exultans 0.48 3.68 4.32 8
Aug. '16 Melosira granulata 1.37 Trachelomonas volvocina 1.18 Cryptomonas lucens 0.59 Ankistrodesmus falcatus 0.55 3.69 581 95
Sep. '16 Cyclotella comta 1.15 Cymbella parva 0.58 Staurastrum orbiculare 0.43 Euglena acus.22 2.38 0.82 3.2
Oct. '16 Rhodomonas lacustris 2.18 Peridinium aciculiferum 1.26 Melosira granulata 1.12 Oscillatoria pseudogeminata 5.11 8.93 14.04
Nov. '16 Euglena allorgei 1.16 Strombomonas verrucosa 0 .74 Carteria globosa 0.58 0.Sgosmarium depressum 0.55 3.03 1.15 4.18
Dec. '16 Peridinium cinctum 2.38 Cryptomonas obovata 1.54 Rhodomonas lacustris 1.49 Trachelomonas planktonica 1.28 6.69 7.61 14.3
Jan. '17 Trachelomonas oblonga 4.67 Rhodomonas minuta 3.82 Oscillatoria pseudogeminata 2.59 Euglena viridis 1.54 12.62 8.78 21.4
Feb. '17 Oscillatoria tenuis 1.62 Peridinium cinctum 1.12 Trachelomonas oblonga .68 Melosira granulate 0.61 4.03 5.33 9.36
Mar. '17 Navicula pupula 1.64 Oscillatoria pseudogeminata 0.74 Trachelomonas lismorensis Gyrosigma acuminatum 0.41 3.29 6.91 10.2
Apr. '17 Melosira granulata 7.94 Trachelomonas volvocina 1.85 Cryptomong-s\r)obovata 1.66 Cyclotella comensis 0.92 12.37 253 37.8
May *17 Melosira granulata 2.58 Mougeotia quadrangulata 1.34 Rhodomonas lacustris 0.72 Scenedesmus incrassatulus 0.25 4.89 7.84 12.73
Jun. '17 Melosira granulata 3.83 Peridinium aciculiferum 2.25 Coelastrum pulchrum 0.92 Cosmarium scabrum 0.61 7.61 7.57 15.18
July. '17 Melosira granulata 2.44 Oscillatoria pseudogeminata 1.08 Eunotia alpine 0.66 Synedra acus 0.42 4.6 6.44 11.04
Aug. '17 Peridinium aciculiferum 3.32 Oscillatoria pseudogeminata Nitzschia fruticosa 0.54 Trachelomonas oblonga 0.32 6.06 6.35 12.41
Sep. '17 Melosira granulata 1.05 Trachelomon;ss\?olvocina 0.33 Oocystis borgei 0.2 Peridinium abei 0.08 1.66 1.74 3.4
Oct. 17 Melosira granulata 2.55 Euglena mainxii 0.51 Trachelomonas bernardi 0.33 Peridinium aciculiferum 0.26 3.65 3.72 7.37
Nov. '17 Melosira granulata 1.28 Oscillatoria tenuis 0.96 Peridinium cinctum 0.88 Euglena viridis 0.39 3.51 3.49 7
Dec. '17 Trachelomonas compacta 1.75 Euglena oblonga 0.84 Synedra ulna 0.68 Strombomonas verrucosa 0.31 3.58 5.24 8.82
Jan. ’18 Melosira granulata 1.83 Fragilaria capucina 0.94 Rhodomonas minuta 0.65 Fragilaria capucina 0.23 3.65 4.85 8.5
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Table 26. Density of dominant species of phytoplankton (x10*ind./l) at different months of collection in Station-2
Total Others  Total PD
Months Dominant 1 Dominant 2 Dominant 3 Dominant 4 (Dominant) ~ x10%in  x10%ind./I
x10%nd./I d./I
Feb. '16 Trachelomonas oblonga 5.67 Strombomonas fluviatilis 5.12 Astasia pygmea 3.59 Euglena oblonga 2.89 17.27 23.93 41.2
Mar. '16 Trachelomonas volvocina 7.32 Peridinium aciculiferum 5.6 Trachelomonas playfairii 4.84 Strombomonas gibberosa 4.54 22.3 39.9 62.2
Apr. '16 Melosira granulata 5.92 Rhodomonas minuta 4.89 Peridinium aciculiferum 3.94 Dictyosphaerium 17.3 58 23.1
subsolitarium 2.55
May ‘16 Synedra ulna 3.65 Fragilaria intermedia 3.16 Melosira granulata 2.58 Coelastrum microporum 2.34 11.73 9.07 20.8
Jun. '16 Melosira granulata.4.3 Trachelomonas volvocina 3.21 Euglena oblonga 1.3 Navicula cuspidata 1.05 9.86 9.44 19.3
Jul. "16 Melosira granulate 4.81 Cryptomonas erosa 2.59 Trachelomonas oblonga 1.54 Peridinium aciculiferum 0.98 9.92 5.12 15.04
Aug. '16 Coelasastrum indicum 0.77 Synedra ulna 0.62 Trachelomonas armata 0.59 Phacus longicauda 0.34 2.32 1.38 3.7
Sep. '16 Peridinium cinctum 3.25 Rhodomonas lacustris 2.18 Euglena viridis 1.13 Melosira granulata 0.32 6.88 7.12 14
Oct. '16 Euglena oblonga 2.08 Oscillatoria pseudogeminata Melosira granulata 0.65 Peridinium aciculiferum 4.44 2.66 7.1
1.16 0.55
Nov. '16  Strombomonas fluviatilis 0.93 Rhodomonas minuta 0.74 Peridinium cinctum 0.58 Surirella robusta 0.45 27 1.3 4
Dec. '16 Cryptomonas ovata 2.58 Peridinium cinctum 1.74 Rhodomonas minuta 0.89 Trachelomonas rugulosa 0.78 5.99 2.13 8.12
Jan. '17 Peridinium cinctum 5.87 Trachelomonas scabra 4.12 Cryptomonas erosa 2.15 Rhodomonas lacustris 0.84 12.98 16.12 291
Feb. '17 Oscillatoria pseudogeminata Navicula bacillum 2.82 Gyrosigma attenuatum 1.68 Melosira granulate 0.75 9.07 7.36 16.43
3.82
Mar. '17 Synedra acus 2.24 Euglena limnophila 1.54 Trachelomonas armata Cryptomonas erosa 0.41 4.74 252 7.26
0.55
Apr. '17 Melosira granulate 4.94 Trachelomonas volvocina Rhodomonas lacustris 1.26 Ceratium furca 0.51 9.56 7.84 17.4
2.85
May ‘17 Melosira granulate 3.28 Synedra ulna 2.14 Oscillatoria pseudogeminata Rhodomonas minuta 0.37 711 8.19 15.3
1.32
Jun. "17 Cyclotella stelligera 2.13 Peridinium aciculiferum 1.25 Melosira granulate 0.32 Cosmarium scabrum 0.21 3.91 7.31 11.22
July. 17 Melosira granulate 5.14 Nitzschia longissima 3.48 Cyclotella meneghiniana 1.26 Trachelomonas globosa 0.82 10.2 11.35 22.05
Aug. '17 Peridinium aciculiferum 3.22 Synedra ulna 2.58 Oscillatoria pseudogeminata Euglena oblonga 0.62 7.86 5.98 13.84
1.44
Sep. '17 Oscillatoria pseudogeminata Melosira granulate 0.73 Euglena acus 0.51 Peridinium cinctum 2.47 2.81 5.28
0.95 0.28
Oct. "17 Melosira granulate 0.65 Trachelomonas oblonga 0.43 Synedra ulna 0.36 Nitzschia fruticosa 0.26 1.7 34 51
Nov. '17 Oscillatoria pseudogeminata Synedra ulna 0.76 Fragilaria intermedia 0.68 Navicula cuspidata 0.29 261 2.41 5.02
0.88
Dec. '17 Rhodomonas lacustris 2.75 Trachelomonas pulcherrima Cryptomonas obovata 0.98 Euglena acus 0.81 6.18 6.62 12.8
1.64
Jan. °18 Trachelomonas planktonica Cryptomonas lucens 1.24 Peridinium aciculiferum 1.05 Dictyosphaerium 5.33 10.77 16.1

2.53

subsolitarium 0.51
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Table 27. Density of dominant species of phytoplankton (x10%ind./l) at different months of collection in Station-3
Total
Months Dominant 1 Dominant 2 Dominant 3 Dominant 4 (Dominant) Ot4r_1ers TOtf.‘I PD
" x10%ind./l' x10%ind./I
x10%ind./I

Feb.'16 Peridinium aciculiferum 6.27  Oscillatoria pseudogeminata 2.82 Melosira granulatal.59 Cryptomonas ovata 0.94 11.62 14.98 26.6
Mar. '16 Rhodomonas minuta 0.82 Trachelomonas volvocina 0.78 Peridinium aciculiferum 0.64 Navicula placentula 0.44 2.68 1.4 4.08
Apr. '16  Peridinium aciculiferum 5.52 Rhodomonas minuta 2.89 Strombomonas verrucosa 1.94 Melosira granulata.95 11.3 35.6 46.9
May '16 Coelasastrum microporum 2.25 Cyclotella comensis 1.76 Cryptomonas erosa 1.58 Navicula pupula 0.42 6.01 9.39 15.4
Jun. '16 Euglena mainxii 2.43 Trachelomonas volvocina 1.45 Cyclotella stelligera 1.13 Euglena oblonga 0.45 5.46 8.74 14.2
Jul. 16 Melosira granulate 0.92 Cyclotella comensis 0.79 Euglena oblonga 0.64 Trachelomonas volvocina 0.38 273 1.39 4.12
Aug. '16 Melosira granulate 2.87 Peridinium aciculiferum.72 Rhodomonas minuta 0.59 Lepocinclis ovum 0.34 4.52 8.08 12.6
Sep. '16 Melosira granulate 2.75 Peridinium aciculiferum 1.98 Rhodomonas minuta 0.73 Pelonena aphane 0.32 5.78 4.29 10.07

' Rhodomonas lacustris 1.08 Peridinium cinctum 0.96 Cryptomonas phaseolus 0.6 Oscillatoria pseudogeminata
Oct. '16 055 3.19 5.21 8.4

. Peridinium aciculiferum 1.67 Melosira granulate 1.14 Nitzschia fruticosa 0.78 Oscillatoria pseudogeminata
Nov. 16 0.55 4.14 3.66 7.8
Dec. '16 Trachelomonas playfairii 1.08 Peridinium cinctum 0.74 Cryptomonas reflexa 0.69 Oscillatoria willei 0.28 2.79 4.61 7.4
Jan.'17  Trachelomonas oblonga 2.57 Rhodomonas lacustris 1.12 Cryptomonas reflexa 0.69 Euglena oblonga 0.54 4.92 5.16 10.08
Feb.'17 Peridinium aciculiferum 1.62 Synedra acus 1.02 Oscillatoria pseudogeminata 0.48 Gyrosigma distortum.15 3.27 6.03 9.3

. Strombomonas verrucosa 0.94 Oscillatoria pseudogeminata 0.74 Trachelomonas globosa Synedra ulna 0.41
Mar. '17 058 2.64 3.63 6.27
Apr. '17 Melosira granulate 6.94 Trachelomonas rugulosa 3.85 Cyclotella comensis 1.56 Rhodomonas minuta 0.72 13.07 21.97 35.04
May '17 Synedra ulna 1.58 Melosira granulate 1.14 Cyclotella comensis 0.82 Mougeotia scalaris 0.27 3.81 6.75 10.56
Jun. "17 Scenedesmus quadricauda 2.3 Peridinium aciculiferum 1.15 Melosira granulate 0.62 Mougeotia scalaris 0.38 4.45 6.89 11.34

' Oscillatoria pseudogeminata Trachelomonas volvocina 1.48 Rhodomonas minuta 0.96 Trachelomonas globosa 0.62
July. '17 254 5.6 6.94 12.54
Aug. '17 Melosira granulate 3.24 Peridinium aciculiferum 1.88 Synedra acus 1.54 Euglena oblonga 0.42 7.08 5.13 12.21
Sep. '17 Peridinium aciculiferum 0.95 Melosira granulate 0.83 Cyclotella comta 0.62 Nitzschia fruticosa 0.38 2.78 2.42 52
Oct. '17 Melosira granulate 1.15 Peridinium aciculiferum 0.83 Trachelomonas oblonga 0.36 Synedra ulna 0.26 2.6 3.25 5.85
Nov. 17 Melosira granulate 1.18 Oscillatoria pseudogeminata 0.96 Cymbella gracilis 0.68 Anabaena ballyganglii 0.29 3.11 4.09 7.2
Dec. '17 Euglena allorgei 2.75 Trachelomonas pulcherrima 1.64 Rhodomonas minuta. 0.78 Strombomonas verrucosa 0.61 5.78 6.82 12.6
Jan. °18 Cryptomonas erosa 3.13 ~ Trachelomonas volvocina 2.94 Rhodomonas minuta 2.55 Peridinium aciculiferum 1.93 10.55 25.45 36
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Seasonal variation of dominant phytoplankton in genus level

Station-1

In this station, dominant phytoplankton were, Oscillatoria belonging to
Cyanophyta, , Crucigenia, Coelastrum, Scenedesmus, Carteria, Chlamydomonas,
Mougeotia, Oocystis, Cosmarium and Staurastrum belonging to Chlorophyta,
Trachelomonas, Lepocinclis, Euglena, Strombomonas, Rhodomonas and Phacus
belonging to Euglenophyta, Melosira, Cymbella, Cyclotella, Gomphonema, Eunotia,
Synedra, Fragilaria, Navicula, Pinnularia, and Nitzschia belonging to Chrysophyta,
Peridinium and Gymnodinium belonging to Pyrrhophyta and Chroomonas, Cryptomonas
belonging to Cryptophyta were observed.

During the pre monsoon season the genus Oscillatoria was higher in April 2016,
March 2017 and Melosira was higher in March 2016 and April 2017(Table 28). During both
year of the study the genus Melosira was high in pre monsoon (Table 28).

During monsoon season the genus Cryptomonas was dominant in June and August
2016, Trachelomonas was dominant in July and August 2016, Cryptomonas was dominant
in September 2016 in 1% year of study (Table 21). Euglena was dominant in June 2017,
Melosira was dominant all over the monsoon period in the study years of 2017-2018
(Table 28).

During Post monsoon in the year of 2016-2017 the genus Rhodomonas and
Euglena was highest in October to November 2016, Melosira was highest in the year of
2017-2018. (Table 22, 28).

During winter season the genus Peridinium was dominant in December 2016 and
Trachelomonas was dominant in December 2017 and whereas in February 2017.
Oscillatoria was observed higher in the study year 2017-2018 (Table 22).

Station-2

In this station, dominant phytoplankton were Oscillatoria, Pelonema belonging to
Cyanophyta, Coelastrum, Kirschneriella, Staurastrum, Carteria, Monoraphidium
Chlamydomonas,, Scenedesmus and Pandorina belonging to Chlorophyta, Euglena,
Trachelomonas, Lepocinclis, Astasia, Strombomonas, and Phacus belonging to
Euglenophyta, Melosira, Cyclotella, Fragillaria, Eunotia, Synedra, Nitzschia,Gyrosigma

and Navicula belonging to Chrysophyta, Peridinium,Ceratium and Gymnodinium
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belonging to Pyrrhophyta, Rhodomonas and Cryptomonas belonging to Cryptophyta were
observed.

During pre-monsoon season the genus Trachelomonas was highest in March 2016,
Melosira was highest in April of both the study periods. Synedra was highest in May 2016
and March 2017. In the year of 2016- 2017 a noticeable density of the genus Euglena was
high in March 2016 (Table 23 and 29).

During monsoon season the genus Melosira was dominant in June - July of 2016
and all the monsoon period of 2017 but Rhodomonas was dominant in early September of
2016-2017whereas the genus Oscillatoria was high in the study year 2015-2016 (Table
29).

During post monsoon in the year of 2016-2017 the genus Euglena was high in Late
October 2016, Strombonas was high in November 2016 but in the year of 2017-2018
Oscillatoria were highest (Table 23 and 29).

During winter season the genus Trachelomonas, Strombomonas and Peridinium
were dominant in the study year of 2016-2017 where as the genus Cryptomonas was
dominant in December 2017 and January 2018 but the genus Rhodomonas was highest in
December 2017 in the study year of 2017-2018 (Table 23 and 29).

Station-3

In this Station, dominant phytoplankton were Merismopedia, Microcystis, and
Oscillatoria belonging to Cyanophyta, Kirschneriella, Dictyosphaerium, Crucigenia,
Coelastrum, Scenedesmus, Carteria, Chlamydomonas, Chlorella, Oocystis, Cosmarium
and Staurastrum belonging to Chlorophyta, Trachelomo Lepocinclis, Euglena,
Strombomonas, Astasia and Phacus belonging to Euglenophyta, Cyclotella,
Gomphonema, Eunotia, Synedra, Fragilaria, Navicula, Pinnularia, and Nitzschia
belonging to Chrysophyta, Peridinium and Gymnodinium belonging to Pyrrhophyta and
Rhodomonas, Cryptomonas belonging to Cryptophyta were observed.

During the pre-monsoon season the genus Rhodomonas was higher in March 2016,
Peridinium was higher in April 2016, Coelastrum was high in May 2016 in the study year
of 2016-2017 but the genus Melosira and Trachelomonas was high in the year of 2017-
2018 (Table 24 and 30).

During monsoon season, the genus Euglena was dominant in June 2016, Melosira
was dominant in July, August, September in the study years of 2016-2017 and the genus

Melosira, Scenedesmus and Peridinium were dominant in the study year of 2017-2018
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(Table 24 and 30).
During postmonsoon in the year of 2016-2017 the genus Rhodomonas was highest
in Late October 2016, Peridinium was highest in November 2016 but in the year of 2017-
2018 Melosira was highest. (Table24 and 30)
During winter season the genus Trachelomonas was dominant in December 2016
and January 2017, Synedra was higher in February 2017 in the study year 0f2016- 2017
whereas Cryptomonas and Rhodomonaswas dominant in the study year 2017-2018 (Table
24 and 30).
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Table 28. Density of of dominant genus of phytoplankton (x10* ind./l) in different seasons for Station-1
Dominant group of phytoplankton
Year  Seasons Total
(Dominant) Others Total
Group-1 Group-2 Group-3 10%nd./ 10%ind./I 10%nd./I
Melosira sp. 7.69 Peridinium sp. 5.2 Cymbella sp. 2.87 15.76 38.01 53.77
Pre
monsoon
2016- 17 Cryptomonas sp..5.23 Trachelomonas sp 4.26 Melosira sp. 2.38 11.87 13.13 25
Monsoon
Rhodomonas sp. 3.6 Peridinium sp. 2.16 Melosira sp. 1.44 7.2 11.02 18.22
Post
monsoon
Rhodomonas sp. 6.2 Trachelomonas sp.5.56 Oscillatoria sp. 3.25 15.01 30.05 45.06
Winter
Melosira sp. 10.57 Trachelomonas sp. 6.64 Navicula sp. 1.86 19.07 41.66 60.73
Pre
monsoon
Melosira sp. 15.27 Peridinium sp. 3.84 Oscillatoria sp. 2.49 21.6 20.43 42.03
Monsoon
2017-18 Melosira sp. 4.78 Oscillatoria sp. 1.75 Peridinium sp. 1.4 7.93 6.44 14.37
Post
monsoon
Trachelomonas sp. 5.39 Oscillatoria sp. 1.54 Melosira sp. 1.7 8.63 16.09 24.72
Winter
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Table 29. Density of dominant genus of phytoplankton (x10* ind./l) in different seasons for Station-2
Year Seasons Dominant group of phytoplankton Total Others Total
(Dominant) 10%ind./I 10%ind./I
Group-1 Group-2 Group-3 10%ind./I
Trachelomonas sp.31.32 Euglena sp. 10.44 Peridinium sp. 9.57 51.33 54.77 106.1
Pre
monsoon
Melosira sp. 5.36 Trachelomonas sp. 4.08 Cryptomonas sp.3.52 12.96 39.08 52.04
2016- 17 Monsoon
Euglenasp 1.3 Strombomonas sp. 1.2 Oscillatoria sp. 0.97 3.47 7.63 111
Post
monsoon
Peridinium sp. 14.11 Trachelomonas sp. 13.34 Cryptomonas sp. 6.16 33.61 20.04 53.65
Winter
Melosira sp. 9.8 Trachelomonas sp. 3.91 Synedra sp. 3.18 16.89 23.07 39.96
Pre
monsoon
Melosira sp. 25.29 Peridinium sp. 2.78 Cyclotella sp. 2.3 30.37 22.02 52.39
Monsoon
2017-18 . . .
Oscillatoria sp. 2.34 Melosira sp. 1.09 Synedra sp. 1.05 4.48 5.64 10.12
Post
monsoon
Cryptomonas sp. 6.92 Trachelomonas sp. 6.6 Peridinium sp. 4.32 17.84 52.26 70.1
Winter
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Table 30. Density of dominant genus of phytoplankton (x10* ind/l) in different seasons for Station-3
Dominant group of phytoplankton Total Others Total
Year  Seasons (Dominant)  10%nd./l  10%nd./I
Group-1 Group-2 Group-3 10%ind /I
Peridinium sp. 9.66 Strombomonas sp. 7.94 Rhodomonas sp. 4.65 22.25 44.13 66.38
Pre
monsoon
Melosira sp. 7.06 Peridinium sp. 3.57 Lepocinclis sp. 1.62 12.25 28.74 40.99
Monsoon
2016- 17
Melosira sp. 4.91 Cymbella sp. 1.0 Peridinium sp. 0.97 6.88 9.32 16.2
Post
monsoon
Peridinium sp. 6.2 Trachelomonas sp.4.63 Cryptomonas sp.4.25 15.08 11.7 26.78
Winter
Melosira sp. 15.88 Trachelomonas sp. 8.67 Cyclotella sp. 4.53 29.08 22.79 51.87
Pre
monsoon
Melosira sp. 12.21 Peridinium sp. 3.61 Oscillatoria sp. 1.98 17.8 23.49 41.29
Monsoon
2017-18 Melosira sp. 4.9 Oscillatoria sp. 0.99 Cymbella sp. 0.99 6.88 6.17 13.05
Post
monsoon
Cryptomonas sp. 13.8 Rhodomonas. sp 6.67 Trachelomonas sp. 5.25 25.72 49.48 75.2
Winter

104



Chapter 4
Results

Seasonal variation of dominant phytoplankton in species level

Station-1
In this study site, dominant phytoplankton species were Melosira granulata,
Fragilaria capucina, Navicula pupula, Navicula cuspidate, Nitzschia acicularis, Cyclotella
comensis, C. comta, Cymbella turgidula, Eunotia alpine, Synedra ulna, S. acus, belonging
to Chrysophyta. Trachelomonas volvocina, T. bernardi, T. compacta, T. lismorensis, T.
oblonga, T. planktonica, Euglena acus, E allorgei, E. mainxii, E. Obolonga, E. viridis,
Gyrosigma acuminatum, Strombomonas verrucosa, and Phacus acuminatus belonging
to Euglenophyta, Microcystis holastica, Oscillatoria tenuis and O. pseudogeminata
belonging to Cyanophyta, Mougeotia quadrangulata, Ankistrodesmus falcatus,Cosmarium
scabrum, Coelastrum pulchrum, Scenedesmus incrassatulus, Carteria globosa and
Spermatozoopsis exultans belonging to Chlorophyta, Peridinium aciculiferum and P.
cinctum belonging to Pyrrhophytaand Rhodomonas minuta,Cryptomonas lucens, C.
obovata and C. erosa belonging to Cryptophyta were observed.
During pre-monsoon season Melosira granulate was high in March 2016, April
2017, May 2017, Peridinium aciculiferum was high in April 2016, and Navicula pupula
was dominant in March 2017 in the study year of 2016-2017 and 2017-18 (Table 25).
During monsoon season Trachelomonas volvocina was dominant in July-August
in the year of 2016-2017 and Melosira granulata was dominant in 2017-18 (Table 31).
During Post-monsoon in the year of 2016-2017 Rhodomonas lacustris was highest
in October 2016 and in the year of 2017-2018 Melosira granulata was also highest in Late
October 2017. (Table31)
During winter season Trachelomonas oblonga was dominant in January 2017

whereas Trachelomonas compacta was dominant in December 2017 (Table 25).
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Station-2

In this station, dominant phytoplankton species were Melosira granulata,
Cyclotella comensis, C. comta, C. meneghiniana, Fragilaria intermedia, Gyrosigma
attenuatum, Navicula exigua Navicula cuspidata, Navicula bacillum, Nitzschia fruticosa,
N. acicularis, N. longissima, Synedra acus, S. ulna and Surirella robusta belonging to
Chrysophyta, Trachelomonas armata, T. volvocina, T. pulcherrima, T. oblonga, T.
planktonica, T. playfairii, T. scabra, Euglena oblonga, E. limnophila, E. acus, E. viridis
Lepocinclis ovum, Strombomonas gibberosa, Strombomonas fluviatilis, Astasia pygmea
and Phacus longicauda belonging to Euglenophyta, Oscillatoria pseudogeminata,
Merismopedia elegans, Microcystis incerta, and Gloeocapsa alpine belonging to
Cyanophyta, Kirschneriella irregularis, Dictyosphaerium subsolitarium, Crucigenia
mucronata, Cosmarium scabrum, Coelastrum microporum, Carteria radiosa,
Chlamydomonas cylindrus and Chlorella vulgaris belonging to Chlorophyta, Peridinium
aciculiferum, Peridinium cinctum and Ceratium furca belonging to Pyrrhophyta and
Chroomonas acuta, Cryptomonas lucens, Cryptomonas obovata, Cryptomonas ovate and
Cryptomonas erosa belonging to Cryptophyta were observed.

During pre-monsoon season Peridinium aciculiferum was higher in March and
April of 2016 and Melosira granulata was higher in April and May 2017 in the study year
of 2016-2017 and 2017-18 (Table 26).

During monsoon season Melosira granulata was dominant in Jun-July in the year
of 2016-2017 and 2017-18 respectively (Table 26).

During post -monsoon in the year of 2016-2017 Euglena oblonga was highest in
October 2016 and in the year of 2017-2018 Synedra ulna was highest in the whole season
(Table 32).

During winter season Peridinium cinctum was dominant in January 2017 whereas
Rhodomonas lacustris was dominant in December 2017 in the study year 2017-2018 (Table
32).
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Station-3

The observed dominant phytoplankton species were Cymbella gracilis, Cyclotella
comensis, C. stelligera, Gyrosigma distortum, Melosira granulata, Navicula pupula,
N. placentula, Nitzschia fruticosa, Synedra acus, S. ulna Surirella angustata, Fragilaria
crotonensis belonging to Chrysophyta, Trachelomonas volvocina, T. rugulosa, T.
oblonga, T. pulcherrima, T. playfairii, T. globosa, Euglena allorgei E. oblonga, E.
mainxii, Lepocinclis ovum, Strombomonas verrucosa, Astasia longa and Phacus
acuminatus belonging to Euglenophyta, Mougeotia scalaris, Dictyosphaerium
granulatum, Crucigenia tetrapedia, Coelastrum pulchrum, Scenedesmus quadricauda
and Carteria radiosa belonging to Chlorophyta, Merismopedia elegans, Pelonema
aphane and Oscillatoria pseudogeminata belonging to Cyanophyta, Rhodomonas
minuta, Cryptomonas reflexa, C. ovata and C. erosa belonging to Cryptophyta,
Peridinium aciculiferum, peridinium cinctum and Gymnodinium belonging to
Pyrrhophyta.

During pre-monsoon season Peridinium aciculiferum was high in April 2016 and
Melosira granulata was high in May 2017 in the study year of 2016-2017 and 2017-18
(Table 33).

During monsoon season Melosira granulata was dominant in July-September in
the year of 2016-2017 and Oscillatoria pseudogeminata was high in August 2017-18
(Table 27).

During post-monsoon in the year of 2016-2017 Peridinium aciculiferum was
highest in November 2016 and in the year of 2017-2018 Melosira granulata was also
highest in the whole season. (Table 33)

During winter season Peridinium aciculiferum was dominant in February 2017
whereas Rhodomonas minuta was higher in December-January in the study year 2017-
2018 (Table 33).
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Table 31. Density of dominant species of phytoplankton (x10%ind./l) in different season for Station-1
Year Seasons Dominant group of phytoplankton Total Others Total
(Dominant) 10%*nd./I 10%nd./I
Group-1 Group-2 Group-3 10%nd./I
Melosira granulata 8.51 Peridinium aciculiferum 7.94 Cymbella turgidula 2.7 19.15 34.62 53.77
Pre
monsoon
Trachelomonas volvocina 2.38 Melosira granulata 2.32 Cyclotella comta 1.62 6.32 18.68 25
Monsoon
2016- 17
Rhodomonas lacustris 2.18 Peridinium aciculiferum1.26 Euglena allorgei 1.16 4.6 13.62 18.22
Post
monsoon
Trachelomonas oblonga 4.67 Rhodomonas minuta 3.82 Oscillatoria pseudogeminata 12.74 32.32 45.06
Winter 4.25
Melosira granulata 10.52 Trachelomonas volvocina 1.85 Cryptomonasobovata 1.66 14.03 46.7 60.73
Pre
monsoon
Melosira granulata 7.32 Peridinium aciculiferum 5.57 Oscillatoria 15.85 26.18 42.03
Monsoon pseudogeminata?2.96
2017-18 Melosira granulata 4.9 Oscillatoria tenuis 0.96 Peridinium cinctum 0.88 6.74 7.63 14.37
Post
monsoon
Cryptomonas erosa 1.83 Melosira granulata 1.77 Trachelomonas compacta. 1.75 5.35 19.37 24.72
Winter
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Table 32. Density of dominant species of phytoplankton (x10%ind./l) in different season for Station-2
Year Seasons Dominant group of phytoplankton Total Others Total
(Dominant) 10%nd./I 10%nd./I
Group-1 Group-2 Group-3 10%ind./I
Peridinium aciculiferum 9.54 Melosira granulata 8.5 Trachelomonas volvocina 7.32 25.36 80.74 106.1
Pre
monsoon
Melosira granulata 9.43 Peridinium cinctum 3.25 Trachelomonas volvocina 3.21 15.89 36.15 52.04
Monsoon
2016- 17
Euglena oblonga 2.08 Oscillatoria pseudogeminata Strombomonas fluviatilis. 0.93 4.17 6.93 111
Post 1.16
monsoon
Peridinium cinctum 7.61 Trachelomonas oblonga 5.67 Strombomonas fluviatilis. 5.12 18.4 35.25 53.65
Winter
Melosira granulata 8.22 Trachelomonas volvocina 2.85  Synedra acus 2.24 13.31 26.65 39.96
Pre
monsoon
Melosira granulata 6.19 Nitzschia longissima 3.48 Peridinium aciculiferum 3.22 12.89 39.5 52.39
Monsoon
2017-18 Synedra ulna 1.12 Oscillatoria pseudogeminata 0.88 Fragilaria intermedia 0.68 2.68 7.44 10.12
Post
monsoon
Rhodomonas lacustris 2.75 Trachelomonas planktonica 2.53  Trachelomonas pulcherrima 6.92 63.18 70.1
Winter 1.64
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Table 33. Density of dominant species of phytoplankton (x10%ind./l) in different season for Station-3
Year Seasons Dominant group of phytoplankton Total Others Total
(Dominant) 10%nd./l 10%nd./I
Group-1 Group-2 Group-3 10%ind./I
Peridinium aciculiferum 6.16 Rhodomonas minuta 2.89 Coelastrum microporum 2.25 11.3 55.08 66.38
Pre
monsoon
Melosira granulata 6.54 Peridinium aciculiferum 2.7 Euglena mainxii 1.62 10.86 30.13 40.99
Monsoon
2016- 17
Peridinium aciculiferum 1.67 Melosira granulata 1.14 Oscillatoria pseudogeminata 1.1 3.91 12.29 16.2
Post
monsoon
Peridinium aciculiferum 6.27 Trachelomonas oblonga 2.57 Cryptomonas reflexa 1.38 10.22 16.56 26.78
Winter
Melosira granulate 8.08 Trachelomonas rugulosa 3.85 Synedra ulna 1.99 13.92 37.95 51.87
Pre
monsoon
Melosira granulata 4.69 Peridinium aciculiferum 3.03 Oscillatoria pseudogeminata 8.82 32.47 41.29
Monsoon 1.1
2017-18 Melosira granulata 2.33 Oscillatoria pseudogeminata 1.1 Peridinium aciculiferum 0.83 4.26 8.79 13.05
Post
monsoon
Rhodomonas minuta 3.33 Cryptomonas erosa 3.13 Trachelomonas volvocina 2.94 94 65.8 75.2
Winter
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Phytoplankton species recorded from Station-1, Station-2 and Station-3

already been reported in Bangladesh

During the present investigation 215 species were identified from three studied
sites of Kuniar Haor, Kishoreganj. Out of 215 recorded species of phytoplankton, 182
species are reported and 33 species are new algal reports for Bangladesh (Table 34 and

35).
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Table 34. List of some reported phytoplankton species together dimensions and sources of identification which were collected from

Station-1, Station -2 and Station-3 in Kuniar Haor, Kishoreganj.

Division: Cyanophyta

Species

Dimension (um)

References

Anabaena ballyganglii J.C. Banerji

Cells 4.5 pym wide; 3.5 um long

Khondker et al. 2006, Desikachary 1959

Gloeocapsa decorticans (A.Br.) Richter ex
Wille

Cells without sheath 8.0-9.5 um in diameter

Aziz and Yasmin 1997, Ling and Tyler 2000,
Mitra 1951

Merismopedia elegans A. Br. in Kitzing

Colonies 3.0-3.5 um broad, 4.0-5.0 um long

Islam and Aziz 1979, Prescott 1982, Desikachary 1959

Merismopedia punctata Meyen in Wiegmann

Cells 6.5 um long , 4.3 pum broad

Khondker et al. 2006, Prescott 1982

Microcystis holastica Lemm.

Cells 1.3 pm in diameter

Khondker et al. 2006, Desikachary 1959

Microcystis incerta Lemm.

Cells 1.1-2.5 pm in diameter

Khondker et al. 2006, Ling and Tyler 2000

Oscillatoria pseudogeminata G. Schmid

Cells 4.5 um long , 2.8 um broad

Khondker et al. 2006, Desikachary 1959

Oscillatoria willei Gardner em. Drouet

cell 4.3-9.1 pm long and d. 5.1 pm broad

Islam and Irfanullah 2005, Desikachary 1959

Pelonema aphane Skuja

Individual cell 7.5 pm long , 2.2 um braod

Islam and Irfanullah 2000, Starmach 1966

112




Division: Chlorophyta

Chapter 4
Results

Species

Dimension (um)

References

Actinastrum hantzschii Lagerheim

Cells 2.1-4.0 um broad; 8.8-19.6 pm long

Islam and Khatun 1966, Islam and Begum 1970,
Huber-Pestalozzi 1983

Ankistrodesmus barnardi Kom.

Cells 2.5 pm long, 0.7 um broad

Khondker et al. 2007b, Huber-Pestalozzi 1983

Ankistrodesmus falcatus (Corda)Ralfs

Cells 1.3-1.9 um in diameter

Islam and Paul 1978, Huber-Pestalozzi 1983

Carteria globosa Kors.

Cells 13.5-18.5um long; 10-15.9 um broad

Khondker et al. 2007a, Huber-Pestalozzi 1961,
lyenger and Desikachary 1981, Dillard 1989a

Carteria radiosa Kors.

Cells 8-17 pm long

Khondker et al. 2007a, Huber-Pestalozzi 1961,
lyenger and Desikachary 1981

Chlamydomonas elliptica Korskov

Cells 13 um long, 8.5um broad

Khondker et al. 2007a, Huber-Pestalozzi 1961

Chlamydomonas foveolarum Skuja

Cells 7-8 pum in diameter

Khondker et al. 2007a, Huber-Pestalozzi 1961

Chlamydomonas gloeopara Rodhe et Skuja.

Cells 8-9.5 um long, 6-6.7 um broad

Khondker et al. 2007a, Huber-Pestalozzi 1961

Chlamydomonas globosa Snow

Cells 5.6-8.9 um in diameter

Khondker et al. 2007a, Huber-Pestalozzi 1961

Closterium intermedium var. hibernicum West

& West

Length of cell 270 um

Islam and Chawdhury 1979, Day et al. 1995

Coelastrum indicum W.B. Turner

Colony 34-42 um in diameter, individual cells 4-
5.5 ym in diameter

Khondker et al. 2007a, Huber-Pestalozzi 1961

Cosmarium botrydis var. tumidum Wolle

Cells 87 um long, 62 um broad, isthmus 25 pm

Islam and Chawdhury 1979, Islam and Haroon
1980

Cosmarium depressum var. intermedium

(Gutw.) Messik.

Cells 30.0 um long, 30.5 um broad, isthmus 5.5
um

Islam and Irfanullah 2006

Cosmarium  margaritatum  var.
Krieger

guadrum

Cells 30.0 um long, 27.70 um broad, width
of isthmus 10.0 um

Islam and Irfanullah 2006, Day et al. 1995

Cosmarium scabrum W.B. Turner

Cells 44 um long, 47.2-49.6 pm broad, isthmus
narrow ¢ 10-13 pm broad

Islam and Irfanullah 2006
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Species

Dimension (um)

References

Crucigeniella crucigera (Wolle) Komérek

Vegetative cells 2.0-6.5 pum broad, 4.1-10.2 um long

Islam and Khatun, 1966, Islam and Begum 1970,
Islam and Irfanullah 2006, Huber- Pestalozzi 1983

Crucigeniella rectangularis (Nag) Kom.

Cells 2.2-3.3 um broad; 2.4-6.3 um long

Islam and Begum 1970, Islam and Hossain 1979,
Prescott 1982, Ling and Tyler 2000

Dictyosphaerium pulchellum var. munutum
Wood.

Individual cells 4.5 um in diameter

Khondker et al. 2007b, Huber-Pestalozzi 1961

Dictyosphaerium tetrachotomum Printz

Individual cells 2.2 um in diameter

Khondker et al. 2007b, Huber-Pestalozzi 1961

Eudorina elegans Ehrenberg

Cells 7.0-10.7 pm in diameter

Islam and Khatun 1966, Islam and Aziz 1977, Huber-
Pestalozzi 1961

Hyaloraphidium contortum Pascher & Korsikov

Cells 19.7-27.6 pm long; 2.1-2.4 pm broad

Islam 1969b, Bhuiyan 2006, Yeasmin 2006,
Huber-Pestalozzi 1983

Kirchneriella irregularis (G.M. Smith)
Korsikov

Cells 4.5 uym long; 1.3-2.1 um wide

Khondker et al. 2007b, Huber-Pestalozzi 1961

Kirchneriella subcapitata Kors

Cells 7.2-20.0 pm long, 1.1-4.0 um broad

Huber-Pestalozzi 1961

Monorahidium arcuatum (Korsikov) Hind

Cells 23-29 um long between ends; 1.1-1.5 pm
broad

Khondker et al. 2007h, Huber-Pestalozzi 1961

Monorahidium griffithii (Berkeley) Kom.-Legn.
In Fott

Cells 59.2 um long, 2.4 um broad

Islam and Begum 1970, Huber-Pestalozzi 1983

Mougeotia quadrangulata Hassall

Vegetative cells 80-240 um long, 14-17 um broad

Celekli et al. 2007a, Huber-Pestalozzi 1969

Mougeotia scalaris Hassall

Vegetative cells 110 um long, 17 um broad

Celekli et al. 2007a, Huber-Pestalozzi 1969

Oocystis borgei Snow, Bull

Vegetative cells 11.0-14.5 um broad

Islam and Khatun 1966, Islam 1973a, Huber-
Pestalozzi 1983

Oocystis tainoensis Kom

Individual cells 4.5 um long, 3.3 um broad,

Khondker et al. 2007b, Huber-Pestalozzi 1983

Phacotus angustus Pascher

Cells 27-35 pm long, 10-18 pum broad

Khondker et al. 2007b, Dillard 1989a
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Pediastrum simplex Meyen

Cells 14.0-21.8 pm long, 7.2-14.5 pm broad

Islam and Khatun 1966, Islam and Zaman 1975,
Islam and Hossain 1978, Dillard 1989a

Pediastrum duplex Meyen

Cells 17.8 um long, 13.9 um broad

Islam and Khatun 1966, Islam and Zaman 1975,

Planktosphaeria gelatinosa G. M. Smith

Cell 5.0-25.0 pm in dia meter

Islam and Alfasane 2001b, Prescott 1982, Dillard
19893, Ling and Tyler 2000, Huber-Pestalozzi 1983

Scenedesmus opoliensis var. contacta

Cells 27.4 um long, 7.9 um broad

Khondker et al. 2007b, Huber-Pestalozzi 1983

Scenedesmus quadricauda (Turp.) de Brébisson
in de Brébisson & Godey

Cells 9.0-17.0 pm long, 3.3-6.7.5 um broad

Islam and Begum 1970, Islam and Saha 1975,
Islam and Aziz 1979, Islam and Hossain 1978,
Huber-Pestalozzi 1983

Scenedesmus similageneus Hortob.

Cells 9.0 um long, 4.4 um broad

Khondker et al. 2007b, Huber-Pestalozzi 1961

Schroederia setigera (Schréd.) Lemmermann

Cells 104.6 pum long with spine,4.2 um broad

Islam and Begum 1970, Dillard 1989a

Staurastrum punctulatum Brébisson ex Ralfs

Cell length 25.0um, median diameter 28.0 um,
isthmus 8.0um

Islam and Akter 2004, Croasdale 1973, Skuja 1949

Staurastrum pinnatum

Cell length 39.0um, median diameter 44.0 um,
isthmus 11.0um

Khondker et al. 2007b, Prescott 1982

Spermatozoopsis exultans Kors.

Cells 10.1-17.0 um long, 2.2-2.6 yum broad

Islam and Khondker 1993, Bhuiyan 2006, Yeasmin
2006

Tetraedron arthrodesmiforme var. contorta
Wolosz.

Cells 13.5 um long, 37 pm broad with spine

Khondker et al. 2007b, Prescott 1982

Tetraedron minimum (A. Br.) Hansg.

Cell 4.4-6.5 pm in dia meter

Islam and Khatun 1966, Islam and Begum 1970,
Prescott 1982

Tetrastrum heteracanthum fa. elegans

Cells 5.6 um long, 3.8 um in diameter

Islam and Khondker 1993, Bhuiyan 2006, Yeasmin
2006

Thorakomonas phacotoides lyengar

Cells 13 um long with lorica, 7-11um broad

Islam and Irfanullah  2005b,
Desikachary 1973

lyenger and
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Species

Dimension (um)

References

Astasia pygmaea Skuja

Cells 8.9 um long, 5.5 um broad

Khondker et al. 2008d, Huber-Pestalozzi 1955, Ettl and Gartner
1995, Caraus 2002

Cryptochrysis minor

Cells 14-17 pum long, 5.8 um broad

Khondker et al. 2008c, Schiller 1956

Euglena acus var. longissima Ehrenberg

Cells 78.0-220.0 um long, 5.7-14.0 um broad

Islam and Khatun 1966, Islam and khondker 1991, Huber-
Pestalozzi 1955, Parra and Gonzalez 1977

Euglena allorgei Delf.

Cells 100.4 um long, 11.7 um broad

Khondker et al. 2008c, Huber-Pestalozzi 1955, Dillard 2000,
Caraus 2002

Euglena agilis var. praeexicisa Schiller

Cells 16-17 um long, 6.5 um broad

Khondker et al. 2008a, Schiller 1956

Euglena clavata

Cells 98.5 um long, 15.7 um broad

Khondker et al. 2008a, Gojdics 1953

Euglena ehrenbergii

Cells 74 pum long, 11.7 um broad

Khondker et al. 2008a, Huber-Pestalozzi 1955, Dillard 2000

Euglena exilis Gojdics

Cells 47.3 um long, 10.4 um broad

Islam and khondker 1991, Gojdics 1953

Euglena gojdicsae Prescott

Cells 21-37 pm long, 10.0-12.0 pum broad

Khondker et al. 2008a, Gojdics 1953

Euglena hemichromata Skuja

Cells 76.0-97.1 pum long, 15.2-25.0um broad

Khondker et al. 2008a, Dillard 2000

Euglena mainxii Defl.

Cells 39 um long, 14 um broad

Khondker et al. 2008a, Huber-Pestalozzi 1955, Dillard 2000
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Species

Dimension (um)

References

Euglena oblonga Schmitz

Cells 63.0-71.0 pm long, 20.0-25.0 um broad

Khondker et al. 2008a, Huber-Pestalozzi 1955, Wolowski 2002

Euglena spathyryncha

Cells 101 pm long, 17 um broad

Alfasane and Khondker 2007, Huber-Pestalozzi 1955

Euglena tripteris (Dujardin) Klebs

Cells 94.0-96.0 pm long, 14.0-17.0 um broad

Islam et al. 1991, Gojdics 1953, Huber-Pestalozzi 1955, Day et
al. 1995, Dillard 2000

Euglena viridis (Mdller) Ehrenberg

Cells 30-37 um long, 10-13 um broad

Khondker et al. 2008a, Huber-Pestalozzi, 1955

Lepocinclis ovum var. major

Cells 35.8 um long, 24.2 um broad

Khondker et al. 2008a, Huber-Pestalozzi 1955

Lepocinclis ovum var.conica (Perty) Lemm.

Cells 26 um long, 22 um broad Ency-266

Alfasane and Khondker 2007, Huber-Pestalozzi 1955

Lepocinclis salina Fritsch

Cells 30.0-36.1 pm long, 22.0-30.0 um broad

Khondker et al. 2008¢, Huber-Pestalozzi 1955, Day et al. 1995

Lepocinclis salina fa. Pachyderma Defl.

Cells 24.1 um long, 17.7 um broad

Islam and Alfasane 2002, Huber-Pestalozzi 1955

Phacus ephippion Skuja

Cells 45-47 um long, 29-30 um broad

Khondker et al. 2008a, Huber-Pestalozzi 1955

Phacus longicauda var. major Svir

Cells 99-141 pum long, 30-44 um broad

Islam and Alfasane 2002, Huber-Pestalozzi 1955

Strombomonas fluviatilis (Lemm.) Defl.

Lorica 20-27 um long, 10-12.1 pm broad

Khondker et al. 2008d, Huber-Pestalozzi 1955

Strombomonas gibberosa var. tumida

Lorica 43.8 um long, 34.1 um broad

Khondker et al. 2008d, Huber-Pestalozzi 1955

Strombomonas verrucosa var.
borystheniensis (Roll) Defl.

Lorica 21 um long, 19 um broad

Islam and Alfasane 2003, Huber-Pestalozzi 1955
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Species

Dimension (um)

References

Trachelomonas anulifera

Lorica 23-27 um long, 18-21 um broad, En-317

Islam and Alfasane 2004, Huber-Pestalozzi 1955, Dillard 2000

Trachelomonas anguste-ovata
Drez

Lorica 18-20 um long, 12-15 pum broad

Islam and Moniruzzaman 1981, Huber-Pestalozzi 1955

Trachelomonas armata

Lorica 22.0 um long, 17-20.0 pm broad

Islam and Moniruzzaman 1981

Trachelomonas bernardi Wol.

Lorica 7.8 um long, 11.2 um broad

Khondker et al. 2008c, Huber-Pestalozzi 1955

Trachelomonas compacta

Lorica 13.1 um long, 11 um broad

Islam and Alfasane 2003, Huber-Pestalozzi 1955

Trachelomonas crebea Ehr.

Lorica 25.7 um long, 14.5 um broad

Islam and Moniruzzaman 1981, Huber-Pestalozzi 1955, Dillard
2000, Caraus 2002

Trachelomonas dybowskii Drez.

Lorica 16.0-17.0 um long, 8.8 um broad

Islam and Moniruzzaman 1981, Huber-Pestalozzi 1955, Dillard
2000, Day et al.1995

Trachelomonas eurystoma

Lorica 15.1 um long, 11.2 pm broad

Khondker et al. 2008c, Huber-Pestalozzi 1955

Trachelomonas hispida var.coronata (Perty)
Stein

Lorica 21-33 um long,17-24 um broad

Islam and Moniruzzaman 1981, Huber-Pestalozzi 1955

Trachelomonas intermedia

Lorica 24.7 um long,19.4 um broad

Khondker et al. 2008c, Huber-Pestalozzi 1955

Trachelomonas lismorensis var. intermis
Playfair

Lorica 19 um long,8.6 um broad

Khondker et al. 2008c, Huber-Pestalozzi 1955

Trachelomonas oblonga Lemm.

Lorica 10-15 um long,7.0-12.0 um broad

Islam and Moniruzzaman 1981, Huber-Pestalozzi 1955

Trachelomonas oblonga fa. ovata
Playfair

Lorica 18.2um long, 13.1 um broad

Islam and Moniruzzaman 1981, Huber-Pestalozzi 1955

Trachelomonas oblonga var. truncata
Lemm.

Lorica 10-11 pm long, 7.4 pm broad

Islam and Moniruzzaman 1981, Huber-Pestalozzi 1955,
Sherwood 2004

Trachelomonas planktonica Swir.

Lorica 26-28.7 um long, 20.5 um broad

Islam and Moniruzzaman 1981, Huber-Pestalozzi 1955, Dillard
2000
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References

Trachelomonas playfairii

Lorica 24.7 um long, 18.1 um broad

Khondker et al. 2008b, Huber-Pestalozzi 1955

Trachelomonas pulcherrima

Lorica 22.1 um long, 11.2 um broad

Khondker et al. 2008b, Huber-Pestalozzi 1955

Trachelomonas rugulosa Stein

Lorica 12-22 um in diameter

Islam and Alfasane 2003, Huber-Pestalozzi 1955, Dillard 2000

Trachelomonas scabra var.pygnea

Lorica 23 um long, 14 um broad

Khondker et al. 2008c, Huber-Pestalozzi 1955

Trachelomonas tshopoensis

Lorica 26.7 um long, 22.6 um broad

Khondker et al. 2008c, Huber-Pestalozzi 1955

Trachelomonas volvocina Ehrenberg

Lorica 7-21.0 um in diameter

Islam and Moniruzzaman 1981, Huber-Pestalozzi 1955, Dillard
2000

Trachelomonas volvocina var. punctata

Playfair

Lorica 10-15 pm in diameter

Khondker et al. 2008c, Huber-Pestalozzi 1955

Trachelomonas volvocina var. planktonica

Playfair

Lorica 24 um long, 19 um broad

Islam and Moniruzzaman 1981, Huber-Pestalozzi 1955
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Species

Dimension (um)

References

Achnanthes minutissima Kiitz

Frustules 15.0 um long, 2.3 um broad

Aziz and Tanbir 2003, Hustedt, 1930, Day et al. 1995

Amphora ovalis (Kitzing) Kiitzing

Frustules 45 um long, 29 um broad in girdle
view

Islam and Aziz 1979, Germain 1981

Chaetoceros compressus Lauder

Cells 14-20.1um long, 12 um broad

Islam and Aziz 1975, Subrahmanyan 1946

Coscinodiscus lineatus Ehrenberg

Valves 43 um in diameter

Islam and Aziz 1977, Day et al. 1995, Caraus 2002

Cyclotella comensis Grunow in Van
Heurck

Valves 7.77 um in diameter

Bhuiyan 2006, Hustedt 1930

Cyclotella comta var. affinis Grunow in
Van Heurck

Valves 45.8 um in diameter

Khair and Chowdhury 1983

Cyclotella meneghiniana Ktz

Cells 9.7-13.0 um in diameter

Nahar 2001, Hustedt 1930

Cymbella affinie Kiitz

Frustules 80.40 um long, 17.15 um broad (at the
middle), 10.99 um ( at the tip)

Islam and Haroon 1975, Islam and Irfanullah 2005, Day et al.
1995, Caraus 2002, Sherwood 2004

Cymbella gracilis (Rabch.) CI.

Valves 26-41 um long, 7.5-12.5 um broad

Aziz and Ara 2000, Germain 1981

Cymbella parva (W. Smith) Kirchner

Cells 79.5 um long, 18.0 um broad (at the
middle), 10.5 um ( at the tip)

Islam and Haroon 1975, Caraus 2002, Soylu Goniilol 2006

Cymbella turgidula Grun.

Cells 12-13 pm broad, 38-39.2 pm long

Islam and Haroon 1975, Islam and Irfanullah 2005, Day et al.
1995, Caraus 2002, Sherwood 2004
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Species

Dimension (um)

References

Epithemia argus (Ehrenberg) Kutzing

Cells 20-24.5 pm long, 15.0-17.1 um broad

Aziz and Yasmin 1997b, Germain 1981, Day et al. 1995

Eunotia alpina (N&g.) Hustedt

Cells 38-175 um long, 2.5-7.2 um broad

Aziz and Ara 2000, Aziz and Tanbir 2003, Germain 1981

Eunotia monodon var. major

Frustules 42.5 um long, 3.60 um broad

Islam and Haroon 1975, Germain 1981, Antoniades et al. 2005

Eunotia robusta

Cells 39.3 um long, 14.4 um broad

Islam and Haroon 1975, Germain 1981, Antoniades et al. 2005

Eunotia veneris (Kiitz) De Toni

Frustules 12-76.0 um long, 3.7-9.1 um broad

Nahar 2001, Day et al. 1995, Caraus 2002

Fragilaria capucina Desm.

Frustules 43.4 um long, 4.2 um broad

Islam and Haroon 1975, Germain 1981, Antoniades et al.
2005

Fragilaria capucina var. lanceolata

Frustules 41.1 um long, 4.2 um broad

Islam and Haroon 1975, Caraus 2002

Fragilaria crotonensis Kitton

Frustules 40-145 um long, 67 pm broad

Aziz and Tanbir 2003, Germain 1981, Catling et al. 1981

Fragilaria intermedia (Grunow ) Grunow

Frustules 15-70 pum long, 7.5-18.0 um broad

Aziz and Ara 2000, Germain 1981

Gomphonema angustatum (Kiitz) Rabh

Valve 37.0-44.0um long, 8-9.2 um broad

Nahar 2001, Day et al. 1995, Ettl and Géartner 1995,
Jamaloo et al. 2006

Gomphonema gracile Ehrenberg var.
naviculacea CI.

Frustules 14.50 broad pm , 83.40um long

Islam and Haroon 1975, Caraus 2002

Gomphonema lanceolatum var. turris
(Greg.) Cleve

Frustules 48.2 um long, 9.6 um broad

Nahar 2001, Caraus 2002

Gomphonema longiceps var. subclavata fa.
gracilis Hust.

Frustules 47.0 um long, 7.0 um broad

Nahar 2001, Day et al. 1995

Gyrosigma acuminatum

Frustules 147 pum long, 23.3 um broad

Khondker et al. 2007a, Day et al. 1995, Caraus 2002
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References

Gyrosigma attenuatum

Frustules 119.5 um long, 15.9 um broad

Islam and Aziz 1975, Subrahmanyan 1946

Gyrosigma distortum var. parkeri

Frustules 119.5 um long, 15.9 um broad

Islam and Irfanullah 2005, Ettl and Géartner 1995, Mann et al.

2004

Gyrosigma scalproides

Frustules 54.1 um long, 17.9 um broad

Khondker et al. 2007a, Day et al. 1995, Caraus 2002

Melosira granulata var. angustissima Mill

Cells 24-25.5um long, 5-6.7 um broad

Islam 1974, Hustedt 1930

Melosira granulate fa. curvata

Cells 14-20um long, 4-6 um broad

Islam 1974, Hustedt 1930

Melosira distans

Cells 12.7um long, 6.8 um broad

Khondker et al. 2007a, Day et al. 1995, Caraus 2002

Melosira distans var. alpigena

Cells 13-15.3um long, 6-6.8 um broad

Khondker et al. 2007a, Day et al. 1995, Caraus 2002

Melosira moniliformis

Cells 15.3um long, 7.8 um broad

Nahar 2001, Day et al. 1995

Navicula anglica

Cells 24.1 um long, 8.5 um broad

Nahar 2001, Hustedt 1930

Navicula Americana

Cells 71 pm long, 18.2 um broad

Islam 1974, Hustedt 1930

Navicula bacillum

Cells 14.8-19.0 um long, 6.0-7.5 pm broad

Islam 1974, Hustedt 1930

Navicula cuspidata (Kitzing) Kitzing

Cells 47.2-165.0 um long, 16-30 um broad

Nahar 2001, Day et al. 1995, Germain 1981

Navicula exigua (Dujardin) Nouv.

Frustules 25-27 pm long, 7-7.5 pum broad

Islam and Haroon 1975, Hustedt 1930, Caraus 2002

Navicula grimmei

Frustules 19.3 um long,5.8um broad

Islam 1974, Hustedt 1930

Navicula mutica Kitz.

Cells 14.8-19.0 pm long, 6.0-7.5 pm broad

Nahar 2001, Day et al. 1995
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Navicula pupula Kitz

Frustules 20-41 pm long, 7-9.9 um broad

Islam and Irfanullah 2005, Ettl and Gartner 1995, Mann et
al. 2004

Navicula pupula var. capitata Hust.

Frustules 16-40 pum long, 4-9.0 um broad

Nahar 2001, Hustedt 1930

Navicula placentula var. rostata

Frustules 21.2 um long, 7.9 um broad

Islam and Irfanullah 2006, Ettl and Géartner 1995, Mann et al.
2004

Navicula pseudohalophila

Frustules 19.6 um long, 4.8 um broad

Nahar 2001, Day et al. 1995, Ettl and Géartner 1995, Caraus
2002

Navicula radiosa

Frustules 16-21 um long, 3.6 um broad

Islam and Haroon 1975, Hustedt 1930

Nitzschia acicularis (Kutzing) W. Smith

Frustules 54-75 pm long, 3-4.1 um broad

Nahar 2001, Day et al. 1995, Ettl and Gértner 1995, Caraus
2002

Nitzschia alpine (N&g) Hustedt

Valve 35.5 um long, 5.1 um broad

Aziz and Tanbir 2003

Nitzschia linearis W. Smith

Frustules 110-115 pm long, 5.2-6.0 um broad

Nahar 2001, Germain 1981

Nitzschia longissima (Bréb.) Grunow

Cells 32.0 um long, 4.1 um broad

Aziz and Tanbir 2003, Germain 1981

Pinnularia gibba var.
Frenguelli

parva (Grun.)

Frustules 32.0-41.0 um long, 8.2-9.0 um broad

Islam and Haroon 1975, Hustedt 1930

Pinnularia major (Kiitz) Rabenhorst

Frustules 30-113 um long, 8.0-16.0 um broad

Nahar 2001, Day et al. 1995, Ettl and Gartner 1995, Caraus
2002

Pinnularia molaris Enc-156

Frustules 28.5 um long, 7.2 um broad

Islam and Aziz 1975, Hustedt 1930

Pinnularia pulchra @strup

Cells 7-7.8 um broad, 36-56 pum long

Nahar 2001, Day et al. 1995, Ettl and Gartner 1995, Caraus
2002
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Species Dimension (um) References

Synedra acus Ktz Cells 7.2 um broad, 147.8 um long Islam and Haroon 1975, Day et al. 1995

Synedra tabulata (Ag.) Kitzing Cells 4.0-5.0 um broad, 33-92 um long Aziz and Ara 2000, Mizuno 1974, Germain 1981, Day et al.
1995

Synedra ulna (Nitzsch) Ehr. Cells 9.0-13.5 um broad, 166.0-3080.0 um Islam and Haroon 1975, Day et al. 1995, Ettl and Gartner

long 1995, Sherwood 2004

Synedra ulna var. danica (Kitz) Van Cells 5.0-5.2 ym broad, 177-190 um long Nahar 2001, Day et al. 1995, Ettl and Gartner 1995,

Heurck Sherwood 2004

Surirella angustata Cells 39 um long, 18.1 um broad Islam and Haroon 1975, Day et al. 1995

Surirella ovata var. pinnata Cells 38-40 um long, 9-11 pum broad Islam and Haroon 1975,Ettl and Gértner 1995,
Sherwood 2004

Surirella robusta Cells 39 um long, 18.1 um broad Islam and Haroon 1975, Day et al. 1995, Ettl and
Gértner 1995, Sherwood 2004
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Dimension (pum)

References

Chroomonas acuta Utermohl

Cells 7-0 um long, 4-5.6 um broad

Khondker et al. 2007a, Huber-Pestalozzi 1968

Cryptomonas erosa Ehrenberg

Cells 20-28 um long, 10-15.2 pm broad

Khondker et al. 2007a, Huber-Pestalozzi 1968

Cryptomonas lucens Skuja

Cells 10.5 um long, 6.7 um broad

Khondker et al. 2007a, Huber-Pestalozzi 1968, Caraus 2002

Cryptomonas marssonii Skuja

Cells 24 um long, 10 pum broad

Khondker et al. 2007a, Huber-Pestalozzi 1968

Cryptomonas obovata Czosnowski

Cells 21 um long, 12 um broad

Khondker et al. 2007a, Begum 2008, Huber-Pestalozzi 1968,
Caraus 2002

Cryptomonas ovata Ehr.

Cells 28.0-32.7 um long, 12.0-14.1 um broad

Islam and khondker 1993, Begum 2008, Huber-Pestalozzi
1968

Cryptomonas phaseolus Skuja

Cells 12 um long, 6.7 um broad

Khondker et al. 2007a, Huber-Pestalozzi 1968

Cryptomonas reflexa Skuja

Cells 27-36.5 pum long, 12-15.8 um broad

Khondker et al. 2007a, Huber-Pestalozzi 1968

Rhodomonas lacustris Pascher et Ruttner

Cells 14.0-15.0 pm long, 4.4-8.0 um broad

Islam and khondker 1993, Smith 1950, Huber-Pestalozzi 1968

Rhodomonas minuta Skuja

Cells 9-14.5 pm long, 5-7.8 um broad

Khondker et al. 2007a, Huber-Pestalozzi 1968
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References

Peridinium abei

Cells 62 pum long, 54 pum broad

Islam and Aziz 1977, Subrahmanyan 1968

Peridinium aciculiferum

Cells 72 um long, 57 um broad

Islam and Aziz 1975, Subrahmanyan 1968

Peridinium cinctum (Muller) Ehrenberg

Cells 85.5 um long, 77.0 um broad

Aziz and Tanbir 2003, Subrahmanyan 1968

Ceratium furca (Ehrenberg) Clapréde et

Lachmann

Cell proper 40-44 um long, 32.5 um broad

Islam and Aziz 1975, Subrahmanyan 1968
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Phytoplankton species new records for Bangladesh

Based on the preliminary identification, 33 species of phytoplankton may be considered
as new records for the Bangladesh. The distribution of new records of phytoplankton is as
follows: Euglenophyta dominate (9 taxa) followed by Chlorophyta (7 taxa), Chrysophyta
(6 taxa), Cryptophyta (7 taxa), Cyanophyta (2 taxa) and Pyrrhophyta (2 taxa). The
recorded new reports of phytoplankton are shown in Table 35.
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Table 35. List the new reports of phytoplankton for Bangladesh together with dimensions and sources of identification which were

collected from Station-1, Station -2 and Station-3 in Kuniar Haor, Kishoreganj.

Division: Cyanophyta

Species Dimension (um) References
Oscillatoria tanganyikae Cell 4.2 pm wide Desikachary 1959.
Achroonema macromeres 7.2-8.0 um broad and upto 2.1 mm long Starmach 1966.
Division: Chlorophyta
Species Dimension (um) References

Closteriopsis acicularis var. africana

Cell length 61.4 um, median diameter
16.5 um, apex 3.2 um broad

Huber-Pestalozzi 1983.

Oocystis lacustris var.

Cells 4-20 x 1.8-10.2 um

Huber-Pestalozzi 1983.

Oocystis nata

Vegetative cells 13.3 pm broad

Huber-Pestalozzi 1983.

Scenedesmus hortobagyi

Cell 8-14.0 x 2-6.6 pm

Huber-Pestalozzi 1983.

Phacotus lenticularis

Cells 28.4 um long, 11.6 pm broad

lyengar and Desikachary 1981.

Zygnemopsis desmidioides

Vegetative cells 85 um long, 14.5 um broad

Prescott 1970.
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Species
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References

Colacium simplex

Cell 34p long, 16 broad

Huber-Pestalozzi 1955

Phacus aenigmaticus f. filicauda

Dimension: 20-22.3 x 10-15.0 u

Huber-Pestalozzi 1955

Strombomonas amphoraeformis

Cell 30-36 p long, 15-17.8u width

Huber-Pestalozzi 1955

Cyclidiopsis acus

Dimension 24-33 x 16-17.1 p, Thickness 13 p

Huber-Pestalozzi 1955

Trachelomonas komerovii var. punctata

Lorica 26.0 um long, 18-23.0 um broad

Huber-Pestalozzi 1955

Trachelomonas hispida var. crenulatocollis fa. recta

Cell length 29-30.1x25-26 p

Huber-Pestalozzi 1955

Trachelomonas fukiensis

Diameter 24-28 x 10-15.6 p or 30-33.4 x 12-
13p

Huber-Pestalozzi 1955

Trachelomonas oviformis Drez.

Cell diameter 22-23.5 u

Huber-Pestalozzi 1955

Strombomonas verrucosa var. conspersa

Lorica dimension 24-25.1 u

Huber-Pestalozzi 1955
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Species

Dimension (um)

References

Melosira granulata var. mujjanensis

Cells 13.2um long, 6.6 um broad

Bogopocam 1951.

Stenopterobia intermidia
Syn- Nitzschia obtusa.

Cells 14.7um long, 7.8 um broad

Bourrelly1968.

Surirella robusta var. splendida

Cells 39.4 um long, 18.4 um broad

Hustedt 1930.

Surirella ovata var. minuta

Cells 39 um long, 9.8 um broad

Bourrelly1968.

Synedra goulardii

Frustules 15-30 x 5-8.8u

Bourrelly1968

Synedra ulna var. aequalis.

Cells 5.3 pm broad, 182 pm long

Hustedt 1930.
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Species

Dimension (um)

References

Peridinium conjuctum

Cells 45-56.0 um long, 35-55.8 um broad

Huber-Pestalozzi, 1968.

Peridinium lomnickii

Cells 20-30.7 pm long, 16-17 um broad

Huber-Pestalozzi, 1968.

Peridinium palustre

Cells 83-84.5 um long, 64-65 um broad

Huber-Pestalozzi, 1968.

Division: Cryptophyta

Species

Dimension (um)

References

Cephalomonas granulata

Lorica 14 yum long, 8.5 um broad

lyengar 1981.

Cryptomonas caudata

Cells 14-16.7 pum long, 7.8 W broad

Huber-Pestalozzi 1968.

Cryptomonas erosa var.

Cells 16-19 pum long, 8-13.2 u broad

Huber-Pestalozzi 1968.

Cryptomonas parapyrenoidifera

Cells 16-20.1 pum long, 7-8.9 p broad

Huber-Pestalozzi 1968.

Cryptomonas platyuris

Cells 28 um long, diameter 15.2 um

Huber-Pestalozzi 1968.

Cryptomonas marssonii var.

Cells 16-20 pum long, 10-12 u broad

Huber-Pestalozzi 1968.

Cryptomonas rufescens

Cells 24 pum long, 13.2 p broad

Huber-Pestalozzi 1968.
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Limnological data analysis of the studied habitats

Over the entire sampling period, the environmental characteristics of the water were found
different compared to the three study sites. Observation among the studied habitats of
Station-1, Station-2 and Station -3, the range of air and water temperature shows similarity
for three study sites (Table 36 to Table 38). The average value of Secchi depth and Chl-a
show similarity in case of three stations (Table 38). Range of DO is higher in station-2
than the other two stations. Average concentrations of air temperature, SRP, SRS,
phaeopigment were found higher in Station -3 than the other two (Table 39).
Table 36. Mean values of physicochemical and biological parameters of

Station- 1 during the study period.

Parameters Unit N Minimum  Maximum Mean SD Range
AT C 24 18.50 35.50 29.04 +5.34 18.50 - 35.50
WT C 24 19.00 30.00 26.00 +3.27 19.0-30.00
Zs cm 24 13.00 70.50 37.48 +20.5  13.00-70.50
Alk. meq/I 24 .60 5.50 1.45 +0.42 0.60-5.50

Cond. puS/cm 24 38.00 208.00 95.52 +18.75 38.00-208.00
DO mg/I 24 5.20 12.80 9.42 +2.43 5.20-12.80
pH = 24 6.60 8.10 7.29 +0.41 6.60-8.10

TDS mg/I 24 20.00 97.00 38.33 +18.82 20.00-97.00
SRP po/l 24 1.05 36.14 15.65 19.49 1.05-36.14
SRS mg/l 24 7 16.29 8.31 +4.08 0.77-16.29

NO3-N mg/I 24 A1 1.15 31 +0.27 0.11-1.15

chl-a pg/l 24 1.18 24.27 6.50 +3.14  1.18-24.27

PP po/l 24 37 25.30 4.63 +1.47 0.37-25.30

PD x104 24 1.80 37.80 11.73 8.07 1.80-37.80
ind./I
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Table 37. Mean values of physicochemical and biological parameters of
Station-2 during the study period.
Parameters Unit N Minimum  Maximum Mean SD Range
AT °C 24 19.00 37.20 29.71 +5.75 19.00-
37.20
WT °C 24 20.40 33.40 25.75 +3.24 20.40-
33.40
Zs cm 24 12.00 75.00 3771 £19.92 12.00-
75.00
Alk. meq/I 24 0.60 2.70 1.42 +0.52  0.60-2.70
Cond. puS/cm 24 31.00 176.00 91.11 +15.33 31.00-
176.00
DO mg/I 24 4.40 14.80 9.35 +2.82  4.40-14.80
pH - 24 6.40 7.90 7.33 +0.34  6.40-7.90
TDS mg/l 24 17.40 95.00 41.34 +11.87 17.40-
95.00
SRP g/l 24 2.04 33.09 13.78 +9.68  2.04-33.09
SRS mg/I 24 2.04 20.11 9.37 +5.09  2.04-20.11
NOs.N mg/l 24 0.07 .62 0.25 +0.12  0.07-0.62
chl-a po/l 24 1.78 21.90 6.88 +3.26 1.78-21.90
PP g/l 24 0.13 46.32 4.91 +1.14  0.13-46.32
PD x10* 24 3.37 62.20 16.43 +7.17  3.37-62.20
ind./I
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Table 38. Mean values of physicochemical and biological parameters of

Station-3 during the study period.

Parameters Unit N Minimum Maximum Mean SD Range
AT °C 24 18.50 38.10 30.04 5.9 18.50 - 38.10
WT °C 24 19.00 30.00 25.53 +3.11 19.00-30.00
Zs cm 24 7.50 95.00 37.35 +22.08  7.50-95.00
Alk. meq/I 24 .50 2.90 1.45 1+0.603 0.50-2.90

Cond. uS/c 24 36.00 193.00 93.84 £16.01  36.00-193.00
DO mrgll 24 4.40 13.70 9.20 +2.17 4.40-13.70
pH - 24 6.80 8.10 7.41 10.34 6.80-8.10

TDS mg/l 24 17.00 96.00 38.73 +12.88  17.00-96.00
SRP ug/l 24 3.65 55.28 18.6 +13.77 3.65-55.28
SRS mg/I 24 2.12 23.19 9.97 1593 2.12-23.19

NOzN mg/I 24 0.04 1.05 0.27 1.193 0.04-1.05

chl-a Ho/l 24 2.37 32.56 6.78 1+3.34 2.37-32.56

PP Ha/l 24 0.54 25.26 5.007 12.74 0.54-25.26

PD x10* 24 4.08 46.90 13.78 19.08 4.08-46.90
ind./I
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Table 39. A comparison on monthly mean values of limnological data of Station-

1,2 and 3.

Parameters Unit Station-1 Station -2 Station-3
AT °C 29.04+5.34 29.71+5.75 30.04+5.9
WT °C 26+3.27 25.75+3.24 25.53+3.11

Zs cm 37.48+20.5 37.71£19.92 37.35+22.08
Alk. mg/l 1.45+0.42 1.42+0.52 1.45+0.603
Conduc. uS/cm 95.52+18.75 91.11+£15.33 93.84+16.01
DO mg/l 9.42+2 .43 9.35+2.82 9.20:£2.17
pH meq/l 7.29+0.41 7.33+0.34 7.41+0.34
TDS mg/l 38.33+18.82 41.34+11.87 38.73+12.88
SRP ng/l 15.65+9.49 13.78+9.68 18.6+13.77
SRS mg/l 8.31+4.08 9.37+5.09 9.97+5.93
NO;-N mg/l 0.31£0.27 0.25+0.12 0.27+.193
Chl-a ng/l 6.50+3.14 6.88+3.26 6.78+3.34
Pp ng/l 4.63+1.47 4.91+1.14 5.007+2.74
PD x 10" ind./ 11.73+8.07 16.43+7.17 13.78+9.08
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Seasonal changes

According to Brammer (2002) four distinct seasons prevail in Bangladesh. These
are: Pre-monsoon (March to May), monsoon (June to September), Post-monsoon (October
to November) and winter (December to February). Depending upon the above mentioned
classification, seasonal changes of different limnological parameters were calculated for
the study sites and presented in Table 40 to Table 42 in the station and between years of
study.

At the station and between years of study physical factors like air and water
temperature along with a Secchi depth and chemical factors like pH, conductivity,
alkalinity, DO, TDS, SRS, SRP, NOs-N and biological factors like chl-a, PP, PD from
the present investigation were consolidated seasonally to observe the variations among

the mean values.
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Table 40. Average value of different limnological parameters in four distinct climatic

seasons of Bangladesh for Station -1

Pre-Monsoon  Monsoon Post-Monsoon ~ Winter
Parameters Unit (Mar.-May) (June -Sept.) (Oct. — Nov.) (Dec.-Feb.)
Physical factors
AT °C 31.5+0.64 33.06+0.67 26.83+0.69 22.84+1.01
WT °C 28+0.7 28.06£0.94  24.25+1.13 22.04+0.8
Zs cm 24.5+7.43  60.32+9.02  40.25%7.17 18.17+8.23
Chemical factors
TDS mg/I 33+10.37 32.2+7.42 26.88+17.67 60.5+10.68
Cond. puS/cm 81.17£17.73 80.37+£16.5  75.45+22.83 148.17+19.7
pH 7.43+0.42 7.3+0.31 7.52+0.377 7.05%0.37
Alk. meq/I 1.81+0.04 1.41+0.03 1.3+0.02 1.38+0.02
DO mg/L 7.55+2.16 10.73+1.73  8.8+2.6 8.4+1.78
NO3z-N mg/l 0.38+0.07 0.31+0.1 0.21+0.03 0.31+0.07
SRP po/l 10.5+3.05 17.34+4.42  10+8.89 16.3+1.53
SRS mg/l 7.62+1.18 8.47+2.94 7.8+1.88 9.8+14
Biological factors
chl-a po/l 7.07x3.77 8.43+2.75 3.69+0.82 4.82+3.62
PP po/l 5.74+0.53 6.47+.43 2.44+0.37 2.61+0.47
PD x10* 19.08+2.81  8.2+2.18 7.95+1.9 11.63+2.43
ind./I
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Table 41. Average value of different limnological parameters in four distinct climatic

Pre-Monsoon Monsoon Post-Monsoon ~ Winter

Parameters  Unit  “npar “May)  (June -Sept) (Oct. —Nov.)  (Dec.-Feb.)

Physical factors
AT °C 34.06.£0.69 32.76+0.87 26.8+1.1 23.4+1.04
WT °C 26.37£1.02  28.2+0.98 24.5+1.08 22.67+0.81
Zs cm 26.5+7.36 60.37+10.67 39.25+8.25 17.67+4.34

Chemical factors
TDS mg/l 38.67£9.57  39.1+£11.75 24.35+6.34 58.33+13.1
Cond. uS/cm 90.5+£11.19  74.91+£1341 68.6+£12.54

116.67+£17.6

pH 74.31£0.24 7.3£0.52 7.52+0.66 7.05+0.64
Alk. meq/| 1.51+0.02 1.25+0.04 1.42+0.04 1.57+0.02
DO mg/L 7.55+£1.58 10.73+1.03 8.8£1.73 8.4+1.45
NOs-N mg/l 0.28+0.06 0.26+0.27 0.2+0.05 0.26+0.02
SRP ug/l 10.75£3.67  18.19+4.9 7.91+1.58 26.5312.22
SRS mg/l 8.63+2.78 8.19+3.69 9.57+3.78 12.01+4.52

Biological factors
chl-a ug/l 9.65+3.83  6.4288+1.51 5.36+1.02 6.31+1.01
PP pg/l 9.64+2.99 3.88+1.37 3.88+£1.53 2.2+0.93
PD x10%ind./l 24.34+4.57 13.01£2.14 5..16x£1.97 20.62+6.81
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Table 42. Average value of different limnological parameters in four distinct

climatic seasons of Bangladesh for Station-3

Pre-Monsoon Monsoon Post-Monsoon Winter
_ (Mar.-May) (June -Sept.) (Oct. — Nov.) (Dec.-Feb.)

Parameters Unit

Physical factors
AT °C 33.78+0.71 33.4+0.57 26.37.+0.48 26.3.£0.54
WT °C 27.67+0.62 27.27+0.98 24+1.02 22.23+0.81
Zs cm 29.33+8.36 61.75+10.67 33.25+8.25 15.5+4.34

Chemical factors
TDS mg/l 30.67+9.57 32.9+10.75 26.02+8.34 63.33+12.1
Cond. pS/cm 82.5+14.19 74.11+13.41 77.82+12.54 142.17+17.

8

pH - 7.4+0.24 7.451+0.52 7.65+0.66 7.21+0.64
Alk. meq/I 1.38+0.02 1.43+£0.04 1.35+£0.04 1.48+0.02
DO mg/L 7.81+1.58 10.81+1.73 8.8+£1.03 8.71+1.45
NO3-N mg/I 0.37+0.06 0.21+0.07 0.21+0.05 0.27+0.02
SRP pg/l 13.75+3.67 16.7£2.9 11.16+2.58 30.88+4.22
SRS mg/l 7.88+2.78 8.5+2.69 11.84+2.68 12.73+4.52

Biological factors
chl-a Hg/l 10.45+3.83  5.32+151 3.99+15 6.9+2.61
PP Hg/l 9.56+3.5 4.5+1.37 1.93+0.53 3.07+1.23
PD x10* 19.7£4.57 10.28+2.14 7.31+1.97 16.81+3.11

ind./I
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Statistical Analysis

Correlation matrix

Correlation matrix was prepared with the help of SPSS (Statistical program for
the Social Science) following Pearsons correlation (version 16.0) method to observe the
relationship among physical, chemical and biological parameters of the selected
sampling stations ofthree sampling sites of Kuniar Haor, Kishoreganj. Analysis has been
performed among 14 physicals, chemical and biological parameters of three study sites.
The matrix has been presented in Table. 43, 44 and 45 for station-1, station-2 and station-

3 respectively.

Study sites
Station -1

Air temperature showed highly significant positive correlation with water
temperature and Secchi depth. Secchi depth showed negative correlation with TDS and
conductivity. Chl-a, phaeopigment and phytoplankon density showed highly significant
positive correlation with alkalinity.

DO showed only positive correlation with air and water temperature, Secchi
depth, but only negative correlation with, alkalinity, pH, SRS, and phaeopigment, chl-a
and phytoplankon density. TDS showed significant positive correlation with
Conductivity.

SRP showed highly significant negetive correlation with chl-a. Chl-a showed
highly significant positive correlation with alkalinity and phaeopigment whereas only
positive correlation with Secchi depth, SRS, NOs-N and negative correlation with SRP,
conductivity, TDS. Phytoplankon density showed significant positive correlation with

alkalinity and phaeopigment (Table 43).

Station -2
Air temperature showed highly significant positive correlation with water

temperature and Secchi depth. Alkalinity showed strong significant positive correlation
with TDS and phaeopigment only positive correlation with NO3z-N, chl-a and
phytoplankon density.pH showed strongly significant positive correlation with SRS and
negative correlation with NO3-N. TDS showed strongly significant positive correlation

with conductivity, alkalinity and only positive correlation with NO3-N, SRS, and
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phytoplankon density, whereas slight negative correlation with SRP, air temperature,
Secchi depth, chl-a and phaeopigment,

DO showed highly strong significant positive correlation with water temperature
and only positive correlation with Secchi depth, pH, and phytoplankon density but only
negative correlation with SRP, NOs-N, chl-a and phaeopigment.SRS showed strong
significant negative correlation with pH and strong negative correlation with NOz-N and
chl-a.

The biological parameter chl-a showed highly significant positive correlation
with other biological parameter, i.e. phaeopigment, phytoplankton density, NOs-N and
only negetive correlation with other physical and chemical parameters except only
alkalinity. (Table43).

Station-3

Like the other sampling sites in this station air temperature showed highly
significant positive correlation with water temperature and Secchi depth. Secchi depth
showed strong significant positive correlation with DO and negative correlation with
conductivity.

DO showed highly strong significant positive correlation with secchi depth and
only positive correlation withair and water temperature, alkalinity TDS, SRP and strongly
negative correlation with SRS.TDS showed strong positive correlation with SRP and
conductivity.NO3-N showed strong significant positive correlation with phytoplankton
density.

Chl-a showed highly significant positive correlation with phaeopigment whereas
only positive correlation with air and water temperature, alkalinity, pH, NO3-N and
negative correlation with Secchi depth, DO, SRP, SRS, conductivity, TDS.
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Table 43. Pearson correlation (r) among different physicochemical and biological variables recorded in Station-1 from Kuniar

Haor, Kishoreganj (N=24).

AT

WT

Zs

PD

AT
WT

Zs
Alk.

Cond.

DO
pH
TDS
SRP
SRS

NOz -N
Chl-a

PP
PD

.919™

545™
123
-274
331
231
-.188
-.219
-.213

174

-.215

.103
223

919™

497"
202
-.354
.188
.250
-.306
-.184
-.282

234

-.165
A71
297

545™
497"

1

-.122
-433"
335
257
-461"
232
021

110

.007

-.059
-.339

223
297
-.339
670"
055
-.070
108
173
-.344
076

.034

.326

575"
1

AT=Air Temperature (°C), WT=Water Temperature (°C), Zs =Secchi depth (cm), Alk.=Alkalinity (megq/l), Cond.=Conductivity (uS/l), DO=Dissolved
oxygen(mg/l), pH=Hydrogen ion concentration (Conc.), TDS=Total dissolved solids (mg/l), SRP= Soluble reactivate phosphorus (ug/l), SRS= Soluble
reactivate silicate (mg/l), NOs-N= Nitrate-nitrogen (mg/l), Chl-a= Chlorophyll a ((ug/l), PP= Phaeopigment (ug/l), PD= Phytoplankton density (x10°

ind./I)

** Correlation is significant at the 0.01 level (2-tailed) * Correlation is significant at the 0.05 level (2-tailed)
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Table 44. Pearson correlation (r) among different physicochemical and biological variables recorded in Station -2 from Kuniar

Haor, Kishoreganj (N=24).

DO pH TDS

SRP

SRS NO3-N Chl-a

PP PD

AT
AT )

WT

Zs 468"
Alk. 076
Cond. _030
DO 305
pH 236
TDS 171
SRP 18
SRS 005
NO3N -216
Chl-a - 078
PP 036
PD 311

708" 1

.305 .236 -171
430" .187 101

402 249 -.365
.049 -117 407"
241 -065  .905™

.041 .204
041 1 -.109
.204 -109 1
-064  .249 -.003

019 .545™ 148
-175 -502" .048
-166 -394  -.007

-208  .000 -.125
109 .019 .022

218

113
.006

147
.013

-.064

.249

-.003

112

.013

110

.024
.056

005 -216 -.078
-169 -.241 -.055
-162  -111 -.068
-111 248 .326
206 -101 -.136

019  -175 -.166
545"

X -502° -394

148  .048 -.007
112 013 -.110
-468" -555"

-468" 1 746™

-555™ 7467 1

-349 418" 746"
-321 176 .305

036 .311
026 .216
007 -111
450" 202
-.281 -.158
-208 .109
.000 .019
-125 .022
-.024 .056
-349 -321

418° 176

746™ .305

412"
4127 1

AT=Air Temperature (°C), WT=Water Temperature (°C), ZS =Secchi depth (cm), Alk.=Alkalinity (meg/I), Cond.=Conductivity (uS/l), DO=Dissolved oxygen(mg/l),
pH=Hydrogen ion concentration (Conc.), TDS=Total dissolved solids (mg/l), SRP= Soluble reactivate phosphorus (ug/l), SRS= Soluble reactivate silicate (mg/l), NOs-
N= Nitrate-nitrogen (mg/l), Chl-a= Chlorophyll a ((ug/l), PP= Phaeopigment (ug/l), PD= Phytoplankton density (x10% ind./) ** Correlation is significant at the 0.01

level (2-tailed), * Correlation is significant at the 0.05 level (2-tailed)
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Table 45. Pearson correlation (r) among different physicochemical and biological variables recorded in Station-3 from Kuniar
Haor, Kishoreganj (N=24).

AT  WT 7s Alk. Cond. DO pH TDS SRP SRS NOs;-N Chla PP PD
AT 1 8807 485" 018 -223 259 160 248  -203  -237 251 044 191 352
WT 880" 1 379 062 -.262 222 339 -277  -107  -303  .161 184 261 .299
Zs 485" 379 1 .081 -492° 453" 253 -422° -190  -007 @ -212 -288  -162  -276
Alk. 018  .062 .081 1 .004 136 -066 151 .073 .080 -.090 313 041 -.069
Cond.. -223  -.262 -492" 004 1 -077  -277 916 301 .004 -.019 -210 -382 254
DO 259 222 453" 136 -077 1 -017 071 021 -.406" -.294 -284  -243  -263
pH 160 .339 253 -066  -.277 -017 1 -383  -005  .197 -111 024 064  -141
TDS -248 277 -422° 151 916™ 071 -383 1 436" -032 029 -180  -365  .283
SRP -203  -.107 -190  .073 301 021 -005 436" 1 190  -.077 -024  -047 254
SRS -237  -303 -.007 080 004 -406° 197 -032 190 1 135 177 -202 138
NOs N 251 .161 -212 -090  -019  -294  -111 029 -077 135 1 138 211 683"
Chl-a 044 184 -.288 313 -210 -284 024 -180  -024  -177 138 1 844™ 054
PP 191 261 -.162 041 -382  -.243 064 -365  -047  -202 211 844 1 106
PD 352 299 -.276 -.069 254 -.263 -141 283 254 138 683" .054 106 1

AT=Air Temperature (°C), WT=Water Temperature (°C), Zs =Secchi depth (cm), Alk.=Alkalinity (meg/l), Cond.=Conductivity (uS/I), DO=Dissolved
oxygen(mg/l), pH=Hydrogen ion concentration (Conc.), TDS=Total dissolved solids (mg/l), SRP= Soluble reactivate phosphorus (ng/l), SRS= Soluble
reactivate silicate (mg/l), NOs-N= Nitrate-nitrogen (mg/I), Chl-a= Chlorophyll a ((ug/l), PP= Phaeopigment (ug/l), PD= Phytoplankton density (x10°
ind./l)

** Correlation is significant at the 0.01 level (p<0.01)(2-tailed)* Correlation is significant at the 0.05 level (p<0.05)(2-tailed)
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Shannon diversity index

Station 1, Station 2 and Station 3

Shannon diversity index is an index that is commonly used to characterize species
diversity in acommunity. Here Station-3 showed more diversity in Jun 2016 during 1%
year of study. So, Station-3 is more diverse in the case of genus level. In case of 2" year,
Station-2 also showed more diversity, according to Shannon-Winner diversity index the
highest diversity (2.61) occurs in the month of May 2017 (Table 46).

Table 46. Shannon-Wiener Diversity Index (Genus level) for phytoplankton

2016-2017  Station-1 Station-2  Station-3 2017-2018  Station-1  Station-2  Station-3
Feb. 16 251 2.28 2.18 Feb. 17 2.02 2.27 2.11
Mar. 16 2.43 1.53 2.2 Mar. 17 2.32 2.61 2.32
Apr. 16 2.6 1.72 2.23 Apr. 17 1.83 208 1.83
May 16 2.53 2.99 3.12 May 17 248 27 2.36
Jun. 16 2.29 3.1 4.19 Jun. 17 2.4 2.65 2.55
Jul. 16 1.35 1.8 0.59 Jul. 17 1.43 1.25 1.43
Aug. 16 2.58 2.24 1.35 Aug. 17 1.62 1.54 1.73
Sep. 16 1.75 1.95 231 Sep. 17 155 1.46 1.9
Oct. 16 1.99 2.32 2.18 Oct. 17 2.05 1.97 1.59
Nov. 16 1.95 1.83 1.47 Nov. 17 1.85 1.49 1.56
Dec. 16 2.22 1.55 1.82 Dec. 17 1.68 1.45 1.95
Jan. 17 2.1 211 2.18 Jan. 18 5 183 191
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Table 47. Shannon-Wiener Diversity Index (Species level) for

phytoplankton
2016-2017  Station-1 Station-2  Station-3 2017-2018  Station-1 Station-2  Station-3
Feb. 16 221 3.18 1.59 Feb. 17 2.92 3.17 2.89
Mar. 16 2.93 2.34 1.97 Mar. 17 2.52 1.91 1.82
Apr. 16 3.62 2.52 3.25 Apr. 17 3.23 2.28 3.14
May 16 2.7 3.85 3.52 May 17 1.88 2.17 1.76
Jun. 16 0.89 3.92 4.1 Jun. 17 3.1 2.85 2.18
Jul. 16 115 1.78 0.67 Jul. 17 1.53 2.15 1.43
Aug. 16 3.02 0.84 2.35 Aug. 17 1.72 1.84 1.93
Sep. 16 0.82 1.45 2.21 Sep. 17 0.62 0.96 1.09
Oct. 16 2.94 2.12 1.28 Oct. 17 1.02 0.96 0.98
Nov. 16 0.95 0.93 0.97 Nov. 17 0.65 0.89 1.16
Dec. 16 2.82 1.49 1.02 Dec. 17 1.18 0.95 1.45
Jan. 17 2.93 3.21 2.68 Jan. 18 2.97 3.02 3.81
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Jaccard Index

Station 1, Station 2 and Station 3

Jaccard index is also called Jaccard Similarity Coefficient index. It’s a measure of
similarity for the two sets of data with a range from 0%-100%. The Jaccard Index shows
that three stations are highest 53.84 % similar in October 2016 and their intersecting
members are 07 i.e in this month seven individuals were available in all stations. In Jaccard
index, it indicates the higher the percentage the more similar the study sites. During the
2" year, the more similarities showed in February 2017 throughout the investigation
(Table 48). It compares members for two sets to see which members are shared and which

are distinct.

Table 48. Jaccard index for phytoplankton analysis

Number of Jaccard Number of Jaccard
2016-2017 intersecting Coeffici- 2017-2018 intersecting Coeffici-
elements ent (%) elements ent (%)
Feb. 16 05 2252 Feb. 17 07 58.33
Mar. 16 04 20 Mar. 17 05 29.41
Apr. 16 08 34.78 Apr. 17 06 31.58
May 16 07 16.27 May 17 07 28
Jun. 16 07 21.21 Jun. 17 06 24
Jul. 16 03 42.85 Jul. 17 03 17.64
Aug. 16 04 19.04 Aug. 17 05 45.45
Sep. 16 03 17.64 Sep. 17 02 18.18
Oct. 16 07 53.84 Oct. 17 04 33.33
Nov. 16 01 7.14 Nov. 17 02 18.18
Dec. 16 04 40 Dec. 17 04 36.36
Jan. 17 05 31.25 Jan. 18 04 25
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Pollution status of Kuniar Haor through TDI (Trophic diatom
index)

The diatom taxa have sensitivities to increased environmental degradation, using
diatom communities a measurement of environmental health can be diagnosed. (Barbour
et al. 1999). Pollution tolerance indices are metrics that summarize the pollution
sensitivity of diatom taxa in a particular community. The assemblage becomes an
indicator of the relative health of the wetland. A well-established diatom taxonomic lists
of ecological preference in freshwater habitats are determinator of the metric as an
indicator of degradation, along with other organic components.

For assessment of organic pollution in the U.K. rivers (Chesters, 1980; Armitage
et al.1983) the TDI value was evaluated successfully. The value of TDI indicate the effect
of organic nutrients on the wetland that already nutrient-rich, and the measurement of
large increase in the proportion of organic pollution & tolerant taxa. (Whitton and Kelly,
1995). The value of TDI can range from 1 (very low nutrient concentrations) to 5 (very

high nutrient concentrations). (Zelinka and Marvan 1961)

Methodology
Trophic diatom index (TDI) = > asv + > av
Here,
a = total counts of diatom species
S= Taxon sensitivities to pollution (1-5).
V= indicator values
Thble 49. Interpretation of proportion of count composed of taxa tolerant to organic
pollution (Whitton and Kelly, 1995)

Proportion of count Interpretation
<20% free of significant organic pollution
21-40% Some evidence of organic pollution
41-60% organic pollution likely to contribute
significantly to eutrophication site
>61% Site is heavily contaminated with organic
pollution

148



Chapter 4

Results
Table 50. Data sheet of measuring TDI
Serial Taxon Count  Sensitiv Indicator asv av Tolerant

No. (@) -ities (s)  values (v) (*marked)

1 Achnanthes lanceolata 2 5 2 20 4

2 Achnanthes minutissima Kiitz 2 2 2 20 4

3 Achnanthes spp. 3 3 1 9 3

4 Amphora ovalis 1 5 1 5 1

5 Asterionella sp. 2 3 1 6 2

6 Cymbella parva 1 2 1 2 1

7 Cymbella ventricosa 1 2 1 2 1

8 Cymbella turgidula 2 3 2 12 4

9 Cymbella sp. 2 4 2 16 4

10 Cymbella spp. 2 2 1 4 2

11 Cyclotella comensis Grunow 4 5 1 20 4

12 Cyclotella comta var. affinis 2 5 1 10 2

13 Cyclotella spp. 3 5 1 15 3

14 Epithemia sp. 1 1 2 2 2

15 Eunotia monodon 1 1 3 3 3

16 Eunotia robusta Ralfs 2 1 3 6 6

17 Eunotia other sp. 4 1 3 12 12

18 Fragilaria vaucheriae 2 3 2 12 4

19 Fragilaria other sp. 3 2 1 6 3

20 Gomphonema lanceolatum var. 1 3 1 3 1 *
21 Gomphonema gracile 2 3 1 6 2 *
22 Gomphonema longiceps 1 3 1 3 1 *
23 Gomphonema angustatum 2 1 2 4 4 *
24 Gomphonema spp. 3 3 1 9 3 *
25 Melosira granulata 62 4 2 496 124

26 Melosira distans 7 4 2 56 14

27 Melosira fa. curvata 3 4 2 24 6

28 Melosira spp. 11 4 2 88 22

29 Navicula cuspidata 2 4 2 16 4 *
30 Navicula pupula 9 5 1 45 9 *
31 Navicula radiosa 1 5 2 10 2 *
32 Navicula mutica 1 5 1 5 1 *
33 Navicula placentula 4 5 1 20 4 *
34 Navicula grimei 1 5 1 1 *
35 Navicula pseudohalophila 1 5 1 1 *
36 Navicula bacillum 1 5 2 10 2 *
37 Navicula sp. 11 4 1 44 11 *
38 Nitzschia linearis 1 4 1 4 1 *
39 Nitzschia longissima 2 4 1 4 2 *
40 Nitzschia acecularis 3 1 6 *
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Contd.
Serial Taxon Count(a) Sensitivities(s) Indicator asv av Tolerant(*
No. values(v) marked)
41 Nitzschia spp. 4 4 1 16 4 *
42 Pinnularia gibba 4 1 3 12 12
43 Pinnularia spp. 7 1 3 21 21
44 Synedra ulna 5 3 1 15 5
(Nitzsch) Ehr.
45 Synedra acus 4 4 1 16 4
46 Synedra tabulata 1 4 1 4 1
47 Synedra spp. 5 4 1 20 5
48 Coscinodiscus sp 2 2 1 4 2
49 Uidentified diatom sp 32 2 1 64 32
Total= 232 1217 368 43

Calculation of TDI

Total counts (a) = 232

Sum of asv = 1217

Sum of av = 368

Tollerant species amount = 43

So, TDI = Y asv+) av=1217+368 =3.3 <20%
Pollution tolerant taxa = (43+232) x 100 =18.5%

The proportion of TDI count is <20%, so the wetland is free of significant organic
pollution
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Relationship statistics between Phytoplankton and fish production in

Kuniar Haor on an annual scale

The phytoplanktons are the manufacturer of aquatic cellular bodies through the
process of photosynthesis, taking up carbon dioxide and nutrients from the water and
using light as an energy source. Phytoplankton are cultured to feed bivalve molluscs (all
life stages), the early larval stages of crustaceans. Flagellates and diatoms are two
important types of phytoplankton at the base of the food chain. The microalgae used as
feed in hatcheries vary in size, environmental requirements, growth rate, and nutritional
value

Cell Volume, Organic Weight, and Gross Lipid Content of Some Commonly
Cultured Phytoplankton Species are good growth factor in Bivalve Mollusc and Fish
Hatcheries (Helm et al., 2004). Microalgal culture facilities typically use seawater
enriched with nutrients primarily nitrates, phosphates, essential trace elements, vitamins,
and, in the case of diatoms, silicates. However, as a natural fish sanchuary the role of

phytoplanktons is measured as follows-

Measurement of productive water: Total flooded areax mean Secchi depth
= 37 hectares x 37.51cm
=138750000 litre
Measurement of total phytoplankton: plankton density x total productive water
= (13.98 x 10% x 138750000
= 1.94 x 10* individuals
Table 51. Estaimation of Fish - phytoplankton ratio

Total average fish production

(UFO, Itna, Kishoreganj) Total No. of phytoplankton individuals

933870 kg 1.94 x 102

Fish: phytoplankton = 1: 2.08 x 10°
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Analysis of macrophytes with fish feeding relationships and their

utilization proposals

About 50 species of aquatic macrophytes are recorded as food to herbivorous fishes either
directly or indirectly. These macrophytes represent several families, of which major ones
are Amaranthaceae, Araceae and Typhaceae. In tropical and sub-tropical countries, there
are about 40 fish species belonging to two major families viz., Cyprinidae and
Chichlidae, which directly feed on macrophytes. Importantly, these macrophytes may be
used as fish food components and replace costly commercial feed. Various kind of
supplementary feeds have been tried to accelerate growth and production of fish per unit
area, they are about 50, including Azolla. Several studies have been focused on growth
and survival of herbivorous fishes including Rohu fingerlings by providing different
macrophyte species. (Mandal et al. 2011). Petre (1993) presented a feeding relationships
that resembles with Kuniar Haor is as follows-

Table 52. Feeding relationships of selected aquacultures and macrophytes

Fish Macrophytes fed on (present in the Kuniar
Haor)
Ludwigia sp.
Astacus sp. Myriophyllum sp.
Tilapia sp. Ceratophyllum sp.
Ctenopharyngodon sp. Utracularia sp.
Heterotis sp. Spirodela sp.
Azolla sp.
Lemna sp.

In Bangladesh aquatic plants are basically seen as under-valued part of freshwater
ecosystem. The country like Bangladesh should take some initiative to undertake

a research programme by taking the following steps-

» Habitat protection, conservation of nature and livestock production.
» Fish production and wildlife conservation, fertilizer and soil additive.
» Food and medicine, industry, energy, recreation/aesthetics.
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Effect of Physical variables on phytoplankton biomass as chl-a

A mentionable relation was observed between Chl-a and secchi depth. The higher

length of light penetration increases the production of chl a. Air temperature and water

temperature plays a vital role for phytoplankton biomas by the increase of chl-a. (Fig. 34)
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Fig. 34. Comparison among physical variables with chl-a
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Nutrient concentration in relation to phytoplankton biomass as chl-a.

There is a relationship among NOs-N, SRS, SRP and chl-a. Nitrate nitrogen did not show
any fluctuation throughout the year where as the three other parameters showed some
fluctuation in the different season.

In case of SRP concentration, Chl-a density showed a negative correlation with
SRP in all seasons except winter. It means when SRP concentration is high the
phytoplankton density is decreased and when SRP concentration is low the phytoplankton
density is increased. SRS and NOs-N does not show any effective relationship with Chl-a
(Fig. 35).
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Fig- 35. Comparison among nutrients with chl-a
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Effects of chemical variables on phytoplankton biomass as chl-a

Conductivity and TDS showed good similarities that an upward trend from post monsoon

to winter but DO and Chl-a did not show any such type of trend. Chl a remained more or

less same in respect of the other chemical parameters throughout the year (Fig. 36.)
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Fig.36. Comparison among chemical variables with chl-a
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Effect of biological variables on phytoplankton biomass as chl-a
Phaeopigment is the function of chl-a. The graph shows that there is a positive relation
among these three biological variables. Phytoplankton density showed highest peak in Pre

monsoon when chl-a concentration is high, but when phytoplankton density is lower in

Post monsoon, chl-a concentration is also low. (Fig. 37.)
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Fig. 37. Comparison among biological variables with chl-a
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Comparative Analysis
It is known to all that each freshwater wetlands have unique historical variations
considering water quality. To update the knowledge for their suitability for a particular
use the comparison among the water quality parameters is needed. Table 53 to 54 will
help to give a little idea to know the variations where a comparison of two famous Haor

namely Hakaluki and Tanguar with the present study is shown.

Table 53. A comparison of some selected physicochemical parameters with

other studied Haor of Bangladesh

Parameters Hakaluki Haor Tanguar Haor Kuniar Haor
(Islam et al, 2014) (Bhuiyan et al, 2019) (Present study)

A (OC) 26.8 26.33 25.76 (£0.23)
Secchi depth.(cm) 43 248 37.51 (£0.18)
TDS (mg/1) 68.68 64.17 39.47 (£1.63)
Conductivity (uS/cm) 141.2 81.67 90.02 (£2.22)
pH 6.44 8.3 7.34 (£0.06)
Alkalinity (megq/1) 0.46 0.88 1.44 (£0.17)
DO (mg/1) 4.9 3.77 9.32 (£0.11)
SRP (ng/) 6221 16.3 16.01 (£2.42)
NO,-N (mg/1) 6.22 0.18 0.28 (£0.02)
SRS (mg/1) - 9.55 10.2 (£2.01)
Chl a (png/l) - 5.28 6.72 (£0.19)
Phaeopigment (ng/l) - 1.94 4.85 (£0.19)
Plankton density (x 10" } - 13.98 (£2.35)
ind./1)
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Table 54. Standards of water quality parameters for different uses (ECR, 1997;

EQS, 1997)

Parameters For drinking purposes For fisheries For Irrigation
Dissolved Oxygen 6 mg/l 5 mg/l or More 4.5 -8 mg/l
(DO)
pH 6.5-8.5 6.5-8.5 6.5-8.5
Electrical 700 ps/cm 800—1000 ps/cm 1200 ps/cm
Conductivity (EC)
Total Dissolved 1000 mg/I 0 —1000 mg/I 450 - 2000 mg/I
Solid (TDS)
Alkalinity 20 — 200 mg/l 50 — 300 mg/i 100 - 500 mg/I

Table 55. Significant correlations among the selected parameters in different

study sites.

Station-1 Station-2 Station-3

Parameters Alk. SRP NO,N Alk. SRP NO,N Alk. SRP NO;N

Chl-a 0.514* -0.408* 0.038 0.326 -0.11 0.746** 0.313 0.024 0.138
Phaeopigment 0.783** -0.328 0.243 0.450* -0.024 0.418* 0.041 -0.047 P0.211
Plankton 0.670** -0.344 0.034 0.202 0.056 0.176 -0.069 0.254 0.683**
density

**correlation ® is significant at the 0.01 level, * correlation ® is significant at the
0.05 level.
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Discussion

The Kuniar Haor consists of a large shallow Beel with a considerable amount of
floating and emergent aquatic vegetation, surrounded by rice fields and steep grassy
banks. According to the wetland classification system of Bangladesh, Haors are classified
as the Wetland type BP (Seasonal/intermittent freshwater lakes having area over 8 ha;
includes floodplain lakes) and the Beels within Haors are classified as BO (Permanent
freshwater lakes having area over 8 ha; includes large oxbow lakes) (BHWDB, 2012).
Considering this aspect, the Kuniar Haor is BO type.

The hydrobiological status of Kuniar Haor in relation to the phytoplankton and
macrophytes were studied in this research work. The results obtained are discussed in the
light of available literatures. To assess the water quality of different study sites, a total of
14 parameters were regularly measured. These are phytoplankton quality and quantity,
biomass of chlorophyll-a and phaeopigment, air and water temperature, Secchi depth, pH,

conductivity, alkalinity, DO, TDS, SRS, NOs-N and SRP. The present discussion is based

on the composition, concentration and diversity of the above mentioned parameters
together with their relationships among themselves and their comparison with other
similar environments studied elsewhere. Water qualityis the influence of geological,
hydrological, climatic and anthropogenic factors (Boon et al. 1992, Bartram and
Balance1996).

Kuniar Haor is almost free from any direct external pollution sources, except via
precipitation and seepage. The Haor area is not previously investigated limnologically.
So, the present limnological investigation highlights some of the water quality parameters
for the first time.

The functional aspects of aquatic ecosystem such as solubility and distribution of
biogenic gases and nutrients in the water column, growth, reproduction and migration of
aquatic organisms directly depend on various climatological factors. It is well known that
temperature effects the density and quality of water and is very important for the
maintenance of stability of any water body. In general, atmospheric and water temperature
depend on geographical location and meteorological conditions such as rainfall, humidity,
cloud cover, wind velocity, etc. Water temperature is of enormous significance as it
regulates various abiotic characteristics and activities of an aquatic ecosystem
(Hutchinson 1957, Kataria et al. 1995, Singh and Mathur 2005). During the course of the
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present study the mean water temperature (+ SD) at Station-1 was higher (26 £ 3.27°C)
than that of other two stations (Table 38). Kerketta et al. (2013) noted the related result in
a study of drinking water from different sources in and around Ranchi, Jharkhand, India.
Mishra and Bhatt (2008) also found almost the similar result in V.V. Nagar and nearby
places of Anand district, Gujarat, India. In Bangladesh, Rahman et al. (2015) found similar
relationship between air and water temperature in three lakes in Jahangiragar University,
Savar, Dhaka. In a recent study on the Tanguar Haor ecosystem of Sunamgan;j district by
Bhuiyan et al. (2019) revealed the similar relationship.

It is recommended that the water temperature of shallow and small waterbody
might follow air temperature narrowly with only small variation in amplitude and time
(Vaas and Sachlan 1955, Rao 1955, Openheimer et al. 1978, Chowdhury and Mazumder
1981, Naser et al. 1990, Zamanet al. 1993). During the presentstudy period water
temperature in three sampling sites were closely related to air temperature). Monthly mean
air temperature (29.04 £ 5.34°C for station-1, 29.71 £ 5.75°C for station-2 and 30.04 +
5.9°C for station -3) is slightly higher than the water temperature (26 = 3.27°C for statio
-1, 25.75 £ 3.24°C for station -2 and 25.53 + 3.11°C station-3) in both the year of study.
Khondker et al. (1988) reported similar results in Museum pond and SH pond. The
fluctuating differences were within 1.0 and 0.88°C for the above mentioned two studies,
respectively. However, Zaman et al. (1993) got a difference of 1.6 °C between air and
water temperature in some pond ecosystems of Jahangirnagar University campus. In the
present investigation a gradual increase in air temperature and water temperature from
mid winter to post-monsoon has been observed (Fig. 7 and Fig. 9). Khondker et al. (1988)
also observed the similar trends of water temperature in Dhanmondi lake.

Water transparency of Kuniar Haor as measured as Secchi depth over the three
study sites varied from 13.00-70.50,12.00-75.00 and 7.50-95.00 cm, respectively for the
study stations of 1-3 (Table 36). Transparency in water is caused by suspended and
colloidal matter such as clay, silts, finely divided organic and inorganic matter, paint and
other microscopic organisms. According to Boyd (1982) it was revealed that transparency

ranged from 15-40 cm is considered good for fish culture.
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A satisfactory transparency value for the water of Kuniar Haor happened because
of the presence of less colloidal matter. The range of Secchi disc transparency for Turag
river, Kaptai lake, a fishpond in Raipur ranged from 20-50, 40-340 and 58-76 cm,
respectively (Chowdhury and Mazumder 1981, Ameen et al. 1986). Kabir and Naser
(2011) reported a lower range of Secch disct transparency (8.89-53.34 cm) in an ox-bow
lake named Chanda bill of Meherpur district, Bangladesh.

In aquatic ecosystems the important chemical factor pH regulates most of the

biological processes and bio-chemical reactions. Scuthorpe (1967) has reported that pH,

free CO,and ammonia are more critical factors in the survival of aquatic plants and fishes

than the oxygen supply. Fluctuations in pH values mostly depend upon ingredient in put
in the water bodies. It is known to us that pH of water is one of the best indicators of
wetland productivity. It determines the dissolved state of the nutrient. Venkateswarlu
(1969) stated that pH more or less controls the amount of iron in water.

Besides, water which is poorly buffered may exhibit a drastic fluctuation in pH,
which may imbalance the physiological adjustment of many organisms living the
aquatic ecosystem. There is a close link between photosynthetic activity and pH in fresh
water (Sreenivasan 1970). It is evident from this study that water pH of three sampling
sites was acidic to alkaline and varied from 6.60-8.10, 6.40-7.90 and 6.80-8.10 in
stations 1-3, respectively. The pH difference among the study sites did not vary
significantly. In addition, according to WHO (1984) water is best between pH 6.5 and
8.5. The pH value recorded for all the study stations of Kuniar Haor ranged within the
limits as mentioned above. It therefore, indicates a good quality status of the water for
Kuniar Haor. However, the mean values are very close to some other studied wetlands
of Bangladesh. According to Khondker and Parveen (1992) the average pH of
Dhanmondi lake is 7.5 which is closer to the recorded value of the present investigation.
The mean recorded pH for Kaptai lake is 7.2 (Mahmood 1986).

Islam et al. (2012) recorded pH value ranged from 6.45-7.65 in some eutrophic water
bodies of Dhaka metropolitan area. In another study, Islam et al. (2015) also pointed out the
ranges of pH in Ramna, Crescent and Hatirjheel lakes were from 7.14-8.87, 7.30-8.83 and 7.12
-8.76 respectively. Actually a pH range of 6.0-8.5 falls mostly under drinking water gaulity
(Chapman 1992). In the present investigation, it has been seen that the value of pH in all stations
suddenly fell in the month of October. High values of pH were observed during summer months
and low during the monsoon months of both the years. High water values of pH during summer

months may be due to utilization of bicarbonates and carbonates buffer system (Bohra 1976).
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Lower values obtained during rainy months may be attributed to the influence of a fresh water
influx, dilution of lake water, and organic matter decomposition (Zingde et al.1987).

The value of alkalinity at different study stations of Kuniar Haor ranged from 0.6
- 55, 0.6 - 27 and 0.5 - 2.9 meq/l for stations 1-3, respectively (Table35-37). The
alkalinity of highly productive aquatic ecosystems should go >100 meg/I (Alikunhi1957).
So, the range of alkalinity in the present study indicates that the water of Kuniar Haor is
not highly productive. As per Islam et al. (2015), it was found that the alkalinity of
Ramna, Crescent and Hatirjheel lake were 30.00 - 66.67, 83.33-112.50 and 96.67-387.50
meq/l, respectively. This indicates that they are productive wetlands indeed. In the present
study, the highest alkalinity was recorded in pre monsoon (1.81+0.04 meq/I) for station-
1, in winter (1.57+0.02meq/l) for station-2 and (1.48+0.02meq/I) for station-3. But the
lowest value was recorded in post monsoon (1.3+0.02 meg/l) for station-1 and (1.35+0.04
meq/l) for station-3 and in monsoon (1.25+0.04 meg/l) for station-2.

Electrical conductivity of water was found maximum in winter. The recorded
values were 208, 176 and 193 uS/cm for stations 1-3, respectively. On the other hand, the
minimum values recorded for the studied stations 1-3 were 38, 31 and 36 uS/cm,
respectively (Table 35-37). During the present study the average conductivity values were
95.52+18.75, 91.11 + 15.33 and 93.84+16.01 puS/cm for stations 1-3 (Table 38). Outside
the range between 150 and 500 uS/cm for electrical conductivity, inland fresh waters
could indicate the water is not suitable for certain species of fish or macro-invertebrates
(APHA 1992).

The total dissolved solids (TDS) of water are represented by the sum of anions and
cations dissolved in it. A high content of dissolved solids elevates the density of water,
influence osmoregulation of fresh water organism, and reduces solubility of gases and
utility of water for drinking purposes and results in eutrophication of the aquatic systems.
TDS in the present investigation ranged from 20-97, 17.4 — 95.0 and 17 - 96 mg/l at
stations 1-3, respectively. However, the annual average values were 38.33 + 18.82, 41.34
+ 11.87 and 38.73+ 12.88 mg/I, at stations 1-3, respectively. High concentrations of TDS
enrich the nutrient status of the water body which resulted eutrophication status of the
aquatic ecosystem (Swarnlatha and Rao 1998, Singh and Mathur 2005). The TDS levels
at each sampling site differed significantly and the variation was mainly due to the changes
in sampling locations. All the values of TDS recorded in the present investigation were
below the minimum standard (1,000 mg/l) as set by the WHO standards. The values did
not exceed the critical limit which might cause some long-term health problems
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(Kempster et al.1997). According to Mac Cutcheon et al. (1983), the palatability of water
with TDS level less than 600 mg/l is generally considered to be good, whereas water with
TDS greater than 1,200 mg/l becomes increasingly unpalatable. Hence, the water from the
streams could be considered palatable since the average TDS for all the streams were less
than 600 mg/I.

The nature of an aquatic ecosystem determines to a great extent by DO. The
sustenance of living organisms depends on the dissolved oxygen content of the water
bodies. There are two sources of oxygen for water bodies, (i) directly from the atmosphere
and (ii) by the photosynthesis activity of chlorophyll bearing aquatic plants. However, the
concentration of dissolved oxygen also depends on surface agitation due to temperature,
respiration rate of the aquatic living organisms, and the decomposition rate of dead organic
matters. The dissolved oxygen, under present investigation, varied from 5.2 - 12.8, 4.4 -
14.8 and 4.4-13.7, respectively for stations 1-3. The annual mean value of DO recorded
for all the studied stations 1-3 were 39.42 + 2.43, 9.35 + 2.82 and 9.2 £ 2.17 mg/I,
respectively.

This study also indicates seasonal variation in DO contents of water, being
maximum in monsoon and minimum in pre-monsoon for all the studied stations (1-3).
The phenomenon of re-oxygenation of water during monsoon months may be due to
circulation and mixing by inflow after rains (Hannan 1979). It further, progressed in
winter, may be due to circulation by cooling and draw down of DO in water (Dwivedi and
Pandey 2002). The low DO value has been attributed to the process of decomposition of
organic matter involving the utilization of oxygen (Jameel 1998). In the present study
station-1 was comparatively richer in DO than other stations. Similar results (6.25 mg/l)
also detected in Kaptai Lake (Chowdhury and Mazumder 1981). Islam and Saha (1975),
Islam and Mendes (1976) observed dissolved oxygen ranged from 3.51-4.59 mg/l and
4.48-9.83 mg/l in Ramnalake and Sher-e-Bangla Nagar Jheel, respectively. In Dhanmondi
lake, Khondker and Parveen (1993) reported very low (0.18 mg/l) DO concentration at
fewer stations. A much lower dissolved oxygen concentration ranged from 0.45-13.3 mg/I
has been reported by Hasan et al. (2013). Paramasivam and Kannan (2005) explored that
the seasonal variation of dissolved oxygen mostly occurs due to freshwater flow and
terrigenous effect of sediments. DoF (1996) stated that the suitable range of dissolved
oxygen for fish culture is 5-8 mg/l. The similar result (1.3-6.5 mg/l) in Madhaya Pradesh,
India was also found by Sahu et al. (2007) from all the above discussions it can be

concluded that the DO is not at all times in the optimum level in the Kuniar Haor.

163



Chapter 5
Discussion

Phosphorus (p) occurs almost soluble as phosphates in natural waters. It exists as
soluble phosphates (SRP). P is the nutrient considered to be the critical limiting nutrient,
causing eutrophications of fresh water systems (Rabalais 2002). It is a major nutrient that
triggers eutrophication’s and required by algae in small quantities (Bandela et al. 1999).

Each P ion promotes the incorporation of seven molecules of N and fourty molecules of

COzin total algae (Wetzel 1983). The phosphate content of studying Haor water fluctuated
between 1.05 and 36.14 ug/l for station-1, 2.04 and 33.09 ug/1 for station -2 and 3.65 and
55.28 pg/l for station-3 with an annual average of 15.65 + 9.49, 13.78 + 9.68 and 18.6 +
13.77 pg/l during the year 2016-2017 and 2017- 2018, respectively. In lake Ashura, the
mean concentration of SRP was 11.60+1.60ug/l (Alfasane et al. 2012). The winter season
exhibited higher phosphate contents among all stations.

Post-monsoon showed the lowest content of phosphate (Table 37- 39). On an
average, Dhanmondi lake contains high amount of SRP (0.88 mg/l) compared to other
ecosystems (Nasar and Sharma 1980, Singh and Swarup 1980 and Dokulil et al. 1983).
The average SRP content of Kaptai Lake is about 1.66 lesser than Dhanmondi lake
(Khondker and Parveen 1992). Phosphorus is the limiting nutrient for algal growth and,

therefore, controls the primary productivity of a water body. In most natural surface

waters, phosphorous ranges from 0.005-0.020 mg/l PO4-P (Chapman 1992). High

concentrations of phosphate can indicate the presence of pollution and are largely

responsible for eutrophic conditions. Eutrophication related problems in warm-water
systems begin at P concentrations of the order 0.34-0.70 mg P/l (Rast and Thornton 1996).

Silicates are any mineral that contains silica, and include quartz (SiO,), feldspars,
clays, and others. Silicon dioxide occurs in all natural waters in various forms. Much of
the silica in water comes from the dissolution of silicate minerals. Silica is significance as
a major nutrient for diatoms and may become a limiting nutrient during diatom blooms.
Unlike other nutrients, this is only a major requirement of diatoms so it is not regenerated
in the plankton ecosystem as efficiently as, for instance, nitrogen or phosphorus nutrients.
Silica additionally limits the growth of diatoms (Schindler 1978). Other researchers
(Milligan and Morel 2002) have suggested that the biogenic silica in diatom cell walls
acts as an effective pH buffer, facilitating the conversion of bicarbonate dissolved CO,.
In the studied area of Kuniar Haor, the amount of dissolved silica in water was low. The
values ranged from 0.77 - 16.29, 2.04 -20.11 and 2.12 -23.19 mg/l in stations 1-3,

respectively. The average SRS concentration were also recorded in 8.31 + 4.08 mg/I for
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station-1, 9.37 £ 5.09 mg/I for station-2 and 9.97+ 5.93 for station-3 (Table 38) which is
relatively lower concentration than lake Ashura (Alfasane et al. 2012,14.36+0.25 mg/l).

During the present investigation the range of the concentration of nitrate nitrogen
was recorded 0.11-1.15, 0.07-0.62 and 0.04-1.05 mg/l for station 1-3, respectively.
Whereas the average concentration was 0.31+£0.07, 0.25+0.12 and 0.27 £0.09 mg/I,
respectively for stations 1-3. The values recorded here are relatively low compared to
some other aquatic ecosystems of Bangladesh. For example, the concentration of nitrate
nitrogen was 1.63 mg/l in Kaptai lake (Mahmood1986). In Dhanmondi lake 0.16 mg/I,
was recorded (Khondker and Parveen 1992). Islam and Khondker (1991) studied some
severely polluted habitats in and around Dhaka city and found a range of nitrate from 0-
0.85 mg/l.

According to Islam et al. (2012) the amount of nitrate-nitrogen concentration is
remarkably low (0.19). In Nilsagar, Nilphamari, Bangladesh. According to Reynolds
(1984) lakes having anaerobic bottom contain low nitrate because under such condition
most nitrates are reduced to ammonia. High phosphorus, anaerobic bottom with low
nitrate is a clear indication of organic pollution in both lakes. Highest chl-a concentration
showed a marked tendency to follow nutrient concentration changes, especially for
nitrate-nitrogen concentration. Highest chl-a associated with less amount of nitrate
nitrogen. The WHO safe limit for nitrate for lifetime use is 10 mg/l as N (WHO 1984).
This limit was not exceeded in the water of Kuniar Haor. Thus, nitrate is not considered
to pose a problem for the domestic use ofwater from this aquatic habitat. However, nitrate
could be a problem for other uses of water because of eutrophication (Rast and Thornton
1996).

One of the major objectives in analyzing photosynthetic pigments in limnology is
the estimation of phytoplanktonic biomass and its potential photosynthetic capacity. The
usefulness of chlorophyll determination has proven its merit particularly for biological
water quality classification as the most selective parameter and as a simple tool in
laboratory practice. Spectrophotometric measurement of the concentration of chl-a in
natural waters may be grossly in error when the samples contain chl-a degraded product.
The pigment chl-a and oxidized forms of chl-a which occasionally may develop an
important amount under post bloom conditions are characterized by absorption spectra
identical to that of their parent chl-a. Consequently, in spectrophotometric pigment
analysis such altered chlorophyll’s will be included as if intact chl-a were present. On the

other hand, in shallow waters with considerable re-suspension of bottom sediments, chl-a
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derivative may consist pre dominantly of phaeophytin and phaeophorbide (Moed and
Hallergraeff 1978). In natural waters the concentration of the pigments can be higher than
the concentration of chlorophylls. If the phaeopigment is not taken into account, the error
may be more than 100% (Nusch 1980). However, modern techniques are now available
to determine the amount of live chl-a and phaeopigments separately from natural
population (Marker et al. 1980, Nusch 1980, Holm-Hansen and Riemann 1978).

Therefore, by looking at the data of chl-a and phaeopigment simultaneously, it is
possible to speculate whether the biomass is in a healthy state or in a moribund state. The
biomass of phytoplankton as chl-a concentration showed a range of 1.18-24.27 g/l for
station-1, 1.78-21.9 pg/l for station-2 and 2.37-32.56 ug/l for station-3. Whereas, the
phaeopigment concentration in the present investigation ranges from 0.37-25.3 ug/l for
station-1, 0.13-46.32 pg/l for station-2 and 0.54-25.26 ug/l for station-3 (Table35- 37).

The average chl-a and phaeopigment recorded in station-1 were 6.50+3.14 pg/I
and 4.63 = 1.14 pg/l, respectively. On the other hand, in station-2, station-3 it was 6.88 +
3.26 pg/l and 4.91+1.14 pg/l, 6.78+£3.34 pg/l and 5.07+2.74 ug/l, respectively (Table 38).
Sultana and Khondker (2009), and Islam et al. (2012) reported the lowest biomass of
phytoplankton (chl-a) during September. This observation is similar to the present
investigation (Fig 24). In the present experiment, the maximum algal abundance coincided
with the maximum concentration of chl-a. Cyanophyta made up less of the chl-a than
Chrysophyta, Chlorophyta and and Cryptophyta. The content of chl-a in cyanobacteria is
less than in chlorophytes and euglenophytes (Reynolds 1984). Increases in chlorophyll a
concentration in the water and pH were related to Euglenophyte density, whereas oxygen
concentration changes were related to changes in density of both diatoms and
Euglenophytes (Pereira et al. 2001).

The total phytoplankton population was highest in pre-monsoon. At this time the
population dynamics of phytoplankton were 57.25 x10%, 73.03x10* and 59.12 x10*ind./I
for station 1-3, respectively. The lowest abundance was observed in post-monsoon.
During which the density were 16.3x10% 110.61 x 10*and 14.62 x 10* ind./I for station1-
3, respectively (Tables 27-29).

Flores and Wolk (1986) showed that filamentous nitrogen-fixing cyanobacteria
can directly kill related strains. Chlorella, Cosmarium, Pediastrum, Phormidium and
Scenedesmus were reported to be killed in the presence of Aphanizomenon gracile
(Legrand et al. 2003). Similarly, the freshwater dinoflagellate Peridinium bipes caused

damage and subsequent cell death of the cyanobacterium Microcustis aeruginosa (Wu et
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al. 1999). Peridinium aciculiferum, another dinoflagellate, inhibited the growth and
caused blistering and lysis in the cryptophyte Rhodomonas lacustris (Rengefors and
Legrand 2001). Their lies a big impact in the community interactions among the
phytoplankton.

Correlation studies among the biological and environmental parameters reveals
that a number of parameters are interrelated with each other among the studied sites of
Kuniar Haor (Table 42- 44). The relationship between the physicochemical parameters of
water and air temperature are examined at the 1% significance level and it is exhibited
that a strongly positive significant correlation with each other. Temperature plays an
important role in regulating photosynthesis and various other metabolic processes needed
for life function of phytoplankton. Chakraborty et al. (1959), Tandon and Singh (1971)
have put forwarded that temperature is the determining factor in the seasonal distribution
of organisms. In the present investigation, in station-2 the temperature produced some
effect on the phytoplankton fluctuations. Because phytoplankton in station-2 was found
to attain peak in the month of pre-monsoon when a comparatively higher temperature was
observed. So a significant positive correlation (r=0.311 and r=0.216) was observed in
station-1. Station-1 and 3 showed also same significant correlation (r=0.223 and r=0.297)
and (r=0.352 and r=0.299) with air temperature and water temperature, respectively. A
negative correlation of phytoplankton biomass with temperature was also observed by
Parveen (1987) and Zaman et al. (1993) in the Dhanmondi lake and three ponds of

Jahangirnagar University campus, respectively.

Multiple correlation analysis was done among the recorded variables versus (vs)
phytoplankton density. Results showed positive correlation of phytoplankton density vs
air temperature, water temperature, pH, conductivity, alkalinity, chl-a, phaesopigment in
staion-1. In station-2 the density of phytoplankton showed positive correlations with air
temperature, water temperature, pH, alkalinity, DO, NO3-N, chl-a, phaeopigment. In
station-3, it correlated with air temperature, water temperature, conductivity, chl-a, and
phaeopigment. On the other hand, it showed negative correlation With Secchi depth, DO,
SRP, NOs-N in station-1. The result of correlation of phytoplankton density with Secchi
depth, conductivity, SRS in station-2 was also negative. In station-3, the standing crop of
phytoplankton correlated negatively with Secchi depth, alkalinity, DO and PH (Table 42-

44). The levels of significance varied from 1-5%.
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Otherwise, in station-1 phytoplankton density showed significant positive
correlation with alkalinity and phaeopigment at 1% level. While at station-2,
phaeopigment showed significant positive correlation with phytoplankton density at 5%
level of significance. The standing crop of phytoplankton however, showed significant

positive correlation with NO3-N at 1% level. The noticeable issue in correlation study is
in all stations, alkalinity shows strong significant positive correlation with all biological
parameters (Table 55).

Shannon diversity Index showed highest diversity in June 2016 at station-3, which
maintained a sequential pick to the winter. The Jaccard Index showed that the community
of phytoplankton is 58.33% similar in all the three studied stations of Kuniar Haor. This
event of similarity occurred in February 2017 and the total number of species were seven.

The value of TDI indicate the effects due to contamination of organic matter on
the wetland and the measurement of large increase in the proportion of organic pollution
and tolerant taxa. TDI =3.3 < 20%, Pollution tolerant taxa is 18.5%. The proportion of
TDI count is  <20%, so the wetland is free of significant organic pollution.

In the present investigation, the fish to phytoplankton ratio was calculated as=
933870: 1.94 x 102 This indicates that the growth of plankton feeding fishes mostly
depends on plankton dynamics of the water body in the studied Haor area. As there is no
artificial food is provided, phytoplankton plays an important role as primary producer to
pipe in energy in the consumer chain.

The total number of macrophytes recorded in the Kuniar Haor are 48. Their
distribution was found seasonal. The macrophytic population was mainly represented by
angiosperms. The dominant angiospermjc taxa recorded were Sesbania bispinosa,
Ipomoea aquatica Forsk, Barringtonia acutangula, Ottelia alismoides, Blyxa auberti and
Ludwigia adscendens (L) Hara.

From the community of phytoplankton in Kuniar Haor, the number of recorded
taxa in all the three studied stations was almost same. Those were 51, 52 and 51 genera
for station-1, station -2 and station-3, respectively. All the recorded genera belonged to
six divisions of algal systematics. At the species level, a total of 115,120 and 90 species
were recorded from station-1, station -2 and station-3, respectively. In the community,
Chrysophyte represented 37.4, 34.1 and 37.7% at station 1-3, respectively. The members
of Euglenophyta were next dominant and followed an occupancy of 28.7, 31.7 and 28.8%

for station-1-3, respectively in the community. Chlorophyta dominated by 21.7, 23.3 and
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21.1% for station 1-3, respectively. The least dominant Classes of phytoplankton were
Cyanophyta 6.08, 4.1 and 4.4%; Cryptophyta 3.5, 3.3 and 5.5% and Pyrrophyta 2.6, 3.3
and 3.3% for station 1-3, respectively.

In table 53 a comparison among the physicochemical and biological parameters is
presented in different Haors. The recorded water temperature of all the studied Haor is
within the standard limit of 20 to 30 °C (EQS, 1997). DO of Hakaluki and Tanguar Haor
indicates that these wetlands are suitable for fishing whereas DO of Kuniar Haor indicates
its water is suitable for fisheries as well as irrigation also (Table 54).

The present limnological and hydrobiological study on the Kuniar Haor reveals
that the water body has been passing its meso-eutrophic status. After having an intensive
anthropogenic disturbance from the catchment the quality of water might get changed.
And itis likely that in the near future these wetlands would be turned to eutrophic followed
by hypertrophic systems which are undesirable not only for ex-situ conservation but also
for threatening of future conservation strategy and also become detrimental to the
components of the biodiversity

Lacking of management may create an adverse condition that the Haor might get
turned into a burying land that would be devoid of organisms like phytoplankton, aquatic
macrophytes, fishes, birds etc.Therefore,there is anurgent necessity to manage this Haor.
The study also reveals that management of Kuniar Haor should be taken into consideration
not only to stop the disturbances within the study sites but also the disturbances in their
surrounding land areas. For carrying out the management activities of this Haor, the
authority of the Haor and Wetland Development Board should be aware of the fact and

accordingly, necessary management steps should be taken in hand ahead of time.
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Conclusions

The present study shows detailed physico-chemical characteristics and quality of
water in Station 1, Station 2 and Station 3 of Kuniar Haor, Kishoreganj, Bangladesh. The
pre-monsoon, monsoon, post- monsoon and winter seasons shown different seasonal
fluctuations in various physicochemical parameters.

Using two methods of measuring diversity Index, a good interrelationship of
various phytoplankton species observed in the Kuniar Haor. Difference in soil
components within the Haor basin is an important regulator of water chemistry as well as
macrophyte diversity. However, the area is rich in diverse indigenous herbs and aquatic
plants. Phytoplankton density was found to be a function of chlorophyll-a considering
Pearson correlation of the parameters of the studied area. Estimation of Fish:
phytoplankton = 1: 2.08x 108 indicate that in this Haor phytoplankton plays an important
role in food chain. Feeding relationships of selected aquacultures and macrophytes in
Kuniar Haor shows a uniqueness of macrophytes for maintaining the ecological balance
of the wetland.

TDI (Trophic Diatom Index) indicate that Kuniar Haor is free from significant
organic pollution. So it is clear that the water of the Haor is suitable for the proper growth
and adaptation of aquatic biotas as well as them in situ conservations. There is also a need
of increasing awareness among the people to maintain the water at their highest quality
and purity level. The investigation generated some important baseline data on the
pollution status and phytoplankton community structure of the Haor. These data would be
helpful in planning for future policy decisions on using the reservoir as an ecotourist center
as well as in the better conservation and management of the precious wildlife in the world-
famous sanctuary.

The unplanned mining in the adjacent hilly regions of the neighbouring countries,
cultivation of fish and corns and dragging of sediments within the interconnected river
Dhonu are gradually creating environmental hazards in the water of the Haor. As a result,
leaching is supposed to be the important operative function for facing a danger of

reduction and extinction of indigenous aquatic communities of Kuniar Haor.
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Photomicrographs of phytoplankton

(Magnification of the images ranges from 400-1000x)
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Plate-1

1-16: Melosira granulata (different views)
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Plate-1
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Plate-2

Synedra acus
Navicula sp.
Navicula anglica

Navicula placentula

Eunotia sp.

Eunotia sp.

Eunotia sp.

Eunotia sp.

Eunotia sp.

Gomphonema longiceps
Gomphonema gracile var. naviculaceae
Gyrosigma acuminatum
Surirella sp.

Cymbella turgida

Navicula transitrans var. derasa

Synedra sp.
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Plate-2
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15.

Plate-3

Gyrosigma attenuatum
Pinnularia gibba
Nitzschia linearis

Cymbella parva
Navicula bacillum
Eunotia sp.

Pinnularia sp.

Nitzschia fruticosa Hust
Navicula radiosa
Navicula pupula
Navicula pseudohalophila
Surirella angustata
Pinnularia molaris
Synedra acus

Gyrosigma distiortum
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Plate-3
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11.

12.

13.

14.

15.

16.

Plate-4

Synedra sp.
Eunotia monodon
Fragillaria intermedia

Fragillariacapunica
Pinnularia major
Pinnularia pulchara
Gomphonema lanceolatum
Navicula delicatula.
Acnanthes sp.

Navicula pupula

Navicula pseudohalophila
Synedra ulna

Cyclotella comensis
Eunotia robusta

Synedra ulna

Melosira granulata
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Plate-4
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Plate-5

Synedra sp.
Melosira granulata
Pinnularia sp.

Melosira granulata
Synedra acus

Synedra ulna

Surirella ovata var. pinnata
Navicula sp.

Syndra sp.

10. Navicula pupula

11. Melosira granulata

12. Gyrosigma scalpoides
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Plate-5
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Plate-6
Fragilaria sp.
Nitzschia sp.
Fragilaria
Synedra ulna
Gomphonema longiceps
Synedra sp.
Synedra sp.
Surirella robusta

Gyrosigma distiortum

10. Melosira granulate

11. Nitzschia fruticosa Hust

12. Pinnularia gibba

Chapter 6
Flora of Kuniar Haor

182



Chapter 6
Flora of Kuniar Haor

Plate-6
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Plate-7

Synedra sp.
Gyrosigma distiortum
Navicula pupula

Surirella sp.
Fragillaria sp.
Synedra tabulata
Navicula sp.
Navicula sp.

Pinnularia sp.

10. Cyclotella comta

11. Navicula pseudohalophila

12. Cymbella turgidula

Chapter 6
Flora of Kuniar Haor

184



Chapter 6

Flora of Kuniar Haor

Plate-7
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Plate- 8

Lepocinclis salina

Euglena hemichromata

Lepocinclis ovum var. major

Euglena viridis

Euglena sp.

Trachelomonas oblonga

Lepocinclis salina

Trachelomonas eurostoma var. minuta

Strombomonas borystheniensis

10. Strombomonas borystheniensis

11. Euglena oblonga

12. Euglena allorgei
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Plate- 8
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12.

13.

14.

15.

16.

Plate- 9

. Trachelomonas oblonga

Trachelomonas playfairii
Trachelomonas compacta
Trachelomonas oblonga var. truncata

Euglena clavata
Trachelomonas parvicollis
Trachelomonas cylindrica
Trachelomonas compacta
Trachelomonas pulcherrima
Euglena spathyryncha
Trachelomonas playfairii
Trachelomonas rugulosa
Trachelomonas eurostoma
Trachelomonasplanktonica

Trachelomonas pulcherrima

Trachelomonas volvocina
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Plate- 9
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11.

12.

13.

14.

15.

16.

Plate-10

Euglena allorgei
Trachelomonas sp.
Trachelomonas playfairii

Trachelomonastshopoensis
Trachelomonas pulcherrima
Phacus ephippion
Trachelomonas oblonga
Trachelomonas volvocina
Strombomonas fluviatilis
Euglena sp.

Euglena sp.

Rhodomonas minuta
Trachelomonas sp.
Trachelomonas dybowskii
Trachelomonas intermedia

Trachelomonas oblonga
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Plate- 10
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11.

12.

13.

14.

Plate-11

Trachelomonas oblonga
Euglena sp.

Euglena charkowiensis
Euglena sp.
Trachelomonas hispida

Euglena chlamydophora

. Trachelomonas sp.

Lepocinclis salina

Trachelomonas hispida var. coronata
Trachelomonas sp.

Trachelomonas hispida
Trachelomonas volvocina
Trachelomonas planktonica

Trachelomonas volvocina
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Plate-11
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12.

13.

14.

15.

16.

Plate- 12

Euglena spathirhyncha
Trachelomonas crebea
Euglena mainxii

Trachelomonasanulifera var. semi-ornata
Trachelomonas sp.

Trachelomonas lismorensis var. inermis
Euglena allorgei

Euglena ehrenbergii

Trachelomonas bernardi
Trachelomonas rugulosa
Strombomonas fluviatilis
Trachelomonas cribea

Trachelomonas armata

Trachelomonas compacta

Euglena sp.

Euglena sanguinea
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Plate- 12
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Plate- 13

Trachelomonas pulcherrima var. minor
Trachelomonas oblonga var. truncate
Trachelomonas verrucosa

Trachelomonasvolvocina var. punctata
Lepocinclis salina

Euglena acus

Euglena longicauda

Trachelomonas planctonica

Trachelomonas rotunda

10. Euglena acus

11. Trachelomonas oblonga

12. T. oblonga
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Plate- 13
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Plate- 14

Trachelomonas hispida var. coronate
Trachelomonas volvocina
Trachelomonas lismorensis var. inermis

Trachelomonas lacustris var. ovalis
Trachelomonas silvatica
Trachelomonas sowerbii
Trachelomonas sydneyensis
Trachelomonas sydneyensis

Trachelomonas scabra var. pygmea

10. Trachelomonas scabra var. pygmea

11. Trachelomonas hystrix

12. Trachelomonas mucosa var. brevicollis
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Plate- 14
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Plate- 15

Trachelomonas rugulosa
Trachelomonas pulcherrima var. ovalis
Trachelomonas mucosa var.brevicollis

Trachelomonas lismorensis var. inermis
Trachelomonas oblonga

Trachelomonas pulcherrima var. latitor
Trachelomonas planctonica var. oblonga Drez.
Trachelomonas volvocina

Euglena tripteris

10. Trachelomonas oblonga

11. Trachelomonas hispida

12. Trachelomonas volvocina
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Plate- 15

201



Chapter 6
Flora of Kuniar Haor

Plate- 16

1. Pediastrum duplex

2. Mougeotia quadrangulata

3. Spirogyrra sp.

4. Unknown sp.

5. Planktosphaeria sp.

6. Staurastrum pinnatum

7. Cosmarium pseudopyramidatum
8. Monoraphidium griffithii (Berkeley) Kom. Legn.
9. Cosmarium sp.

10. Pediastrum duplex

11. Coelastrum sphaericum

12. Crucigeniella crucifera

13. Phacotus sp.

14. Phacotus sp.

15. Phacotus sp.

16. Anabaenopsis sp.
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Plate- 16
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Plate- 17

1. Spirogyrra sp.
2. Scenedesmus incrassatulus Bohlin
3. Crucigenia tetrapedia (Kirchner) W. West & G. S. West

4, Staurastrum sp.

5. Hyaloraphidium contortum Pasch. & Kor$
6. Dictyosphaerium sp.

7. Scenedesmus obtusus Meyen f. obtusus

8. Chlorella vulgaris Beyerinck

9. Mougeotia scalaris

10. Spirogyrra sp.

11. Tetrastrum sp.

12. Carteria globosa

13. Coelastrum sp.

14. Closteriopsis longissima var. longissima (Lemm) Lemm
15. Phacotus lanticularis

16. Phacotus lanticularis
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Plate- 17
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Plate- 18
Pelonema aphanae
. Oscillatoria pseudogeminata G. Schmid
. Gomphosphaeria lacustris Chodat
Merismopedia minima
Microcystis aeruginosa Ktz

Microcystis incerta Lemm.
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Plate-18
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Plate- 19

Cryptomonas erosa var. reflexa

Unknown sp.
Chroomonas acuta
Cryptomonas erosa
Chromonas caudata
Rhodomonas minuta
Cryptomonas sp.
Cryptomonas gracile

Unknown sp.

10. Rhodomonas lacustris

11. Rhodomonas sp.

12. Cryptomonas tenius
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Plate- 19
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Plate- 20

Cryptomonas lucens
Rhodomonas salina

Cryptomonas obovata

Chromonas caudata
Rhodomonas sp.
Unknown sp.
Cryptomonas reflexa
Chromonas nordstedtii

Rhodomonas lacustris

10. Cryptomonas marsonii

11. Cryptomonas obovata

12. Rhodomonas minuta
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Plate- 20
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Plate- 21

Peridinium aciculiferum

Protoperidinium kolezynskii
Protoperidinium pellucidum
Protoperidinium conicum
Peridinium cinctum
Peridinium sp.
Protoperidinium excentricum
Protoperidinium conicoides

Peridinium sp.

10. Protoperidinium pyriforme

11. Protoperidinium conicum

12. Peridinium cinctum fa. angulatum
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Plate-21
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Plate-22

Peridinium quinquecorne
Peridinium cinctum

Peridinium sp.

Peridinium abei

Peridinium cinctum fa. angulatum
Peridinium aciculiferum
Protoperidinium sp.

Ceratium furca
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Plate- 22
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Photomicrographs of the new reports of phytoplankton for Bangladesh

Plate-23

Name of the organism Name of the major Group
Oscillatoria tanganyikae G.S. West Cyanophyta
Achroonema macromeres Skuja Cyanophyta
Zygnemopsis desmidioides West Chlorophyta
Oocystis lacustris f. nivalis Fritsch Chlorophyta
Closteriopsis acicularis var. africana Hindak Chlorophyta
Scenedesmus hortobagyi Philipose Chlorophyta
Oocystis nata Chlorophyta
Phacotus lenticularis Ehrenberg Chlorophyta

Phacotus sp.
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Plate-23

217



I A

Chapter 6
Flora of Kuniar Haor

Plate-24

Name of the organism Name of the major Group
Synedra ulna var. aequalis (Kutzing) Brun Chrysophyta
Melosira granulata var. mujanensis Muzzan Chrysophyta
Stenopterobia intermedia F.W. Lewis Chrysophyta
Surirella robusta var. splendid Ehr Chrysophyta
Surirella ovata var. minuta Kirchner Chrysophyta
Synedra goulardii (Kutzing) Frenguelli Chrysophyta
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Plate-24
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Plate-25

Name of the organism Name of the major Group
Strombomonas amphoraeformis Hortob Euglenophyta
Colacium simplex Huber-Pestalozzi Euglenophyta
Euglena sp. Euglenophyta
Trachelomonas fukiensis Skv. Euglenophyta
Cyclodiopsis acus Flagelles Euglenophyta
Trachelomonas hispida var. crenulatocollis Lemmermann Euglenophyta
Trachelomonas oviformis Drez. Euglenophyta
Trachelomonas komarovii var. punctata Euglenophyta
Strombomonas verrucosa var. conspersa (Swir.)Deflandre Euglenophyta
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Plate-25
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Plate-26
Name of the organism

Cephalomonas granulata Higinbotam
Cephalomonas granulata var.
Cryptomonas parapyrenoitifera
Cryptomonas platyuris Skuja
Cryptomonas platyuris

Cryptomonas marssonii var. Skuja

Cryptomonas rufescens Skuja
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Name of the major Group

Cryptophyta
Cryptophyta
Cryptophyta
Cryptophyta
Cryptophyta
Cryptophyta
Cryptophyta
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Plate-26
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Plate-27

New reports of Division Dinophyta

1-4. Peridinium lomnicki Woloszynska S (Developing stage)
5-6. Peridinium lomnicki (Mature stage)

7. Peridinium palustre Er.Lindemann
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Plate-27
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Plate-28

1. Sesbania bispinosa

2. Ipomoea aquatica

3. Barringtonia acutangula
4. Ottelia alismoides

5. Oryza sativa

6. AXonopus compressus
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Plate-28
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Plate-29

1. Enhydra fluctuans

2. Pistia stratiotis

3. Eichhornia crassipes
4. Ludwigia adscendens
5. Cyperus rotundus

6. Alternanthera sessilis
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Plate-29

229



Plate-30

Pseudoraphis spinescens

. Cperus sp.

. Cyperus tegetiformis Roxb.
Ipomoea aquatic Foxb.

. Alternanthera philoxeroides Mart.

Luidwigia adscendens
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Plate-30
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Plate-31

1. Cynodon sp.

2. Blyxa auberti Rich
3. Colocaisa esculenta
4. Polygonum sp.

5. Oryza sativa

6. Cynodon dactylon
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Plate-31
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Plate-32

Polygonum tomentosum Willd.
Enhydra fluctuans Lour.
Unknown sp.

. Spirodela polyrhiza (L.) Schield.

. Azolla microphylla Bail.
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Plate-32
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