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WILDLIFE DIVERSITY AND POPULATION STATUS OF
KASHIMPUR UNION, GAZIPUR, BANGLADESH
*

NAZMUL ISLAM, M. FIROJ JAMAN , MD. MOKHLESUR RAHMAN
AND MD. MAHABUB ALAM
Department of Zoology, University of Dhaka, Dhaka -1000, Bangladesh
Abstract
Wildlife diversity (amphibians, reptiles, birds and mammals) of Kashimpur Union in
Gazipur Sadar Upazila under Gazipur district was studied from May, 2015 to March,
2016. A total of 110 species of wildlife belonging to 58 families under 19 orders were
recorded. Among them, 6 (5.45%) species were amphibians, 14 (12.72%) reptiles, 72
(65.45%) birds and 18 (16.38%) were mammals. Among the amphibians, 5 (83.33%)
species were frogs and only one (16.67%) was toad; of reptiles, 7 (50%) species were
lizards, 5 (35.71%) snakes and 2 (14.29%) were tortoises. Of the birds, 39 (54.16%)
species were passerines and remaining 33 (45.84%) were non-passerines. Resident status
shows that 66 (91.62%) species were resident, 5 (7.00%) migrants and 1 (1.38%) species
were vagrant. Among the mammals, 8 (44.45%) species were rodents, 4 (22.22%) flying
mammals and 6 (33.33%) species were carnivorous mammals. The relative abundance
shows that 10 (9.09%) species were very common, 24 (21.81%) common, 31 (28.19%)
fairly common and 45 (40.91%) species were few. Considering the conservation status, 5
species were near threatened and 105 were the least concern nationally. According to
Shannon-Wiener (H = 3.287) and Simpson's (D = 0.942) diversity indices, diversity of
birds was higher than the other wildlife observed. Some potential threats on wildlife
diversity were identified such as habitat degradation and fragmentation, expansion of
agricultural lands and urbanization. Therefore, conservation and management are
necessary in order to protect the diversity of existing wildlife and their population in the
study area.
Key words: Wildlife diversity, Population status, Relative abundance

Introduction
Bangladesh has a rich biological heritage of being situated in the subtropical region at the
confluence of the Indo-Himalayas and Indo-China sub-regions of the Oriental region
(Khan 2008). Unique physiographic characteristics, variations in hydrological and
climatic conditions and difference in the soil properties support a diverse set of
ecosystems that have enriched the diversity of flora and fauna (Mittermeier et al. 1998,
Jaman et al. 2014). Bangladesh is the home of 138 species of mammals (including 11
regionally extinct species), 566 species of birds (including 19 regionally extinct species),
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167 species of reptiles (including one regionally extinct species) and 49 species of
amphibians (IUCN Bangladesh 2015a). Only wild fauna (amphibia to mammalia) of
Bangladesh constitute around 3.5% of the total wildlife in the world (Khan 2008, Jaman
et al. 2015).
Biodiversity became the issue of global anxiety over the past few decades for its rapid
reduction worldwide and interestingly, the majority of the world’s biodiversity is present
in most of the economically non-solvent countries like Bangladesh (Koziell 2001). It is
widely supposed that the poorest people of the poor countries depend on their local
ecosystems for their livelihoods are responsible for the degradation of biodiversity (CBD
2006 and 2007). Widlife plays ecological and economical role in both invertebrate and
vertebrate pest control (Jaman et al. 1999), scavenging and pollinating as well as
providing food to mankind. The larvae of frogs and toads feed mainly on algae, dead
animals in water, diatoms, planktons or other small organisms playing an important role
in the ecosystem (Hasan and Feeroz 2014). Unfortunately, the wildlife populations of
Bangladesh have been decreasing at an alarming rate mainly due to anthropogenic
developmental activities including habitat destruction and fragmentation, water pollution
degradation of vegetation, deforestation, conversion of wetlands and forests to
agricultural land and conversion of farm-land to urban and industrial uses (Sarker et al.
2000, Hossain et al. 2004, Khan and Ahsan 2011, Karmakar et al. 2011, Rahman et al.
2012, IUCN Bangladesh 2015 b,c,d). To address the role of wildlife in an area, rigorous
scientific studies are therefore needed to protect them from their critical positions.
However, some studies have been conducted on avian diversity in different parts of
Dhaka city (Hussain et al. 1974, Das 1975, Sarker et al. 2009, Mohsanin and Khan 2009,
Akash et al. 2013, Chowdhury et al. 2014, Islam et al. 2014, Jaman et al. 2014, Jaman et
al. 2015, Rajia et al. 2015, Banu et al. 2016). No specific study has yet been done on
wildlife of Kashimpur Union. Therefore, this study may play a significant role to make
baseline information on wildlife diversity in the study area.
Materials and Methods
The study was conducted in Kashimpur Union of Gazipur district under Dhaka division,
situated on the bank of Turag river in between 23059'04.94" N and 90019'18.46" E. It is
bounded by Konabari union on the north-east, Basan union on the east, Gachha union on
the south-east, Kaliakair Upazila on the north and Savar Upazila in the south. The total
area of the union is about 42.32 km2 covered mainly by plain land. A number of ponds,
swamps, ditches, canals and beels have enriched the aquatic habitat of the union.
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Fig. 1. Gazipur Sadar Upazila map showing Kashimpur Union (Source: Banglapedia 2003).

Observation procedure: Data were collected by direct field observations from May, 2015
to March, 2016. A total of 42 days (3 to 4 days per month) were spent in the field for data
collection. Observations were started early in the morning and continued till sunset. We
also collected data on herpetofauna, nocturnal birds and mammals after sunset since they
are mostly active at night. Random sampling was followed to observe nocturnal birds and
mammals. During the study period a pair of binoculars (Bushnell Power View 10 × 42)
was used in order to identify bird species from the longer distance. For identification of
birds Grimmett et al. (1999), Halder (2010) and Khan (2015) were followed. In many
cases birds were photographed with a digital semi-SLR camera (Canon SX 50HS) in
order to confirm the identification. Hasan et al. (2014) and Daniel (2002) were followed

104

Islam et al.

for the identification of herpetofauna. Khan (2008) and Khan (2015) were followed to
identify the mammalian fauna. The study period was divided into three seasons, viz.
summer (March-June), rainy (July - October) and winter (November-February). The
relative abundance was estimated following Khan (1982) as very common (VC): 80 100%, common (C): 50 - 79%, fairly common (FC): 20 - 49% and a few (F): 10 - 19%.
The data were calculated based on total sighting.
The Shannon-Wiener index (1949) and Simpson's index (1949) of diversity and evenness
(quantifies how numerically equal the community is) of species in the study area were
also calculated using following formulas:
Simpson's index of diversity, D = l – sum (Pi 2)
Shannon-Wiener Index, H = – sum (Pi ln [Pi]) (natural log)
Evenness, E = H/ln (S) (natural log), (where, Pi = Number of individuals of a species/
total number of individuals of all species from the same group, and S = Number of
species from the same group observed).
Line transect sampling method: The data regarding different species available in the
study area were recorded following the transect line sampling method. In every month we
followed at least 5 transect lines totalling 60 during the study period. The size of each
line was 500 m length and 50 m in both sides. When any species was observed,
population was counted along with their habitat type and food habit. Microhabitats had
been categorized as tree hole, water body, open forest, branches of tree, woody trees,
fruiting tress, shrubs, bushes, jungles, crevices, grass field, crop field, store house and
house.
Plot counting: Plot counting method was used for estimating amphibian species. A total
of 20 plots were selected during the study period for observation of amphibian species.
Each plot size was 10 × 10 m2. We counted every visible individual inside the plot. There
might be chances to escape some individuals from the plot and they were not counted.
Calls and songs: Some avifauna and some amphibians, when hidden in the bushes,
jungles and branches of trees, were traced by hearing their songs and calls first and later
we identified them by visual encounter.
Interviewing local people: All animals were not visible across the study period and
nocturnal animals were not easy to observe. In this regard, some questionnaires were
distributed among the inhabitants of the study area to gather more information on those
wild animal. Local peoples were asked about the presence of species showing their
photographs available in the field pictorial guide.
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Results and Discussion
A total of 110 species of wildlife were observed of which 6 (5.45%) were amphibians, 14
(12.72%) reptiles, 72 (65.45%) birds and 18 (16.38%) were mammals. The observed
species belong to 58 families under 19 orders (one order of Class Amphibia, 2 of Class
Reptilia and 12 of Aves and 4 orders of Class Mammalia) (Tables 1-4).
Faunal composition of observed wildlife: Out of 6 observed amphibian species, only
Duttaphrynus melanostictus represents the group toad and other 5 species were frogs
(Table 1). The most frequently observed species was common toad (Duttaphrynus
melanostictus) with 2.4 indiv./100 m2 and the least observed was Microhyla ornata (0.1
indiv./100m2).
There were 14 species of reptiles belonging to three groups, viz, lizards, snakes and
tortoise. Among them, 7 (50%) species were lizards, 5 (35.71%) snakes and 2 (14.29%)
were tortoises. Out of 5 species of snakes, 4 were non-venomous and only one was
deadly venomous (Naja naja). The highest density (20.67 indiv./km2) was recorded for
House Lizard (Hemidactylus flaviviridis) whereas the lowest density (0.33 indiv./km2)
was for Rat Snake (Ptyas mucosa).
Of the bird species, 39 (54.16%) were passerines and rest 33 (45.84%) were nonpasserine. The highest density (207.00 indiv./km2) of bird species was the common Myna
(Acredotheres tristis) and the lowest (0.67 indiv./km2) was the Dusky Warbler
(Phylloscopus fuscatus).
A total of 18 species of mammals were observed in the study area. Of them, 8 (44.45%)
were rodents, 4 (22.22%) flying mammals and 6 (33.33%) were carnivorous mammals.
The most frequently observed species was Irrawaddy Squirrel (Callosciurus erythraeus)
(30.67 indiv./km2) and the least observed species were Small Civet (Viverriculla indica)
and Jungle Cat (Felis chaus).
The present study observed 110 species of wildlife that depicts the study area could be
better home for wildlife as it supports many flowering plants, fruiting trees, shrubs, large
trees, tree crevices, bushes, jungles, crop fields and different types of waterbodies.
Monthly variation of species composition: During the study period, there was surprising
fluctuation in the species composition. The maximum number of species were recorded
in the month of December (84 species), followed by January (69 spp.) and November (64
spp.). On the other hand, the minimum number of species was documented in August
(only 28 spp.); from where there was dramatic increase in the number of species in every
month and continued till December. Since the species number has been gradually
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decreased and sustained up to May. Considering season, the highest number of species
were found in winter season (102 spp.) followed by summer (76 spp.) and rainy season
(63 spp.) (Fig. 2).

Fig. 2. Monthly variation in the species composition in Kashimpur Union.

The study area was human dominated landscape with enormous number of paddy and
other crop fields around. Crop production is generally started in the month of October to
December that supports an excessive amount of insects. Thus, insectivorous birds were
available in these months. Besides, December is the early month of winter, and some
migratory birds visited the area. Hence, number of species was the maximum in winter
season. In summer season natural calamities such as storm, cyclone, tornado and
hailstorm are often struck in Bangladesh. Probably these natural calamities might affect
bird species due to loss of their habitats and paucity of foods in the month of April and
May. In rainy season, due to excessive rainfall most of the crop fields and other open
areas were inundated with water resulting difficulties to find out the wildlife species in
the harsh environment and eventually we found comparatively lower species diversity of
wildlife than the other seasons.
Relative abundance and conservation status: The relative abundance of observed wildlife
shows that 10 (9.09%) species were very common, 24 (21.81%) common, 31 (28.19%)
fairly common and 45 (40.91%) species were few. Among the observed amphibians, 2
(33.33%) species were common, 3 (50%) were fairly common and 1 (16.67%) were few.
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Among recorded reptiles, 3 (21.43%) species were common, 3 (21.43%) fairly common
and 8 (57.14%) were few. Of the birds, 7 (9.72%) species were very common, 14
(19.44%) common, 17 (23.61%) fairly common and 34 (47.23%) species were few.
Among the recorded mammals, 3 (16.66%) species were very common, 5 (27.77%)
common, 7 (39%) fairly common and 3 (16.66%) species were few.
According to IUCN Bangladesh (2015a), overall conservation status of recorded wildlife
shows that 5 species were near threatened (two mammals and three reptiles) and
remaining 105 species were of least concern nationally.
The study area has gradually turned into urban area and this is one of the major causes of
habitat loss of wild animals. Sometimes people kill snakes, birds like herons, egrets,
jackels, civets and jungle cat unconsciously due to lack of adequate knowledge about the
ecosystem services of wildlife.
Resident and migratory status of birds: Regarding the resident and migratory status of
birds, 66 (91.62%) species were resident, 5 (7.00%) migrants and 1 (1.38%) species were
vagrant. Among the resident birds, 58 species were common resident, 6 uncommon
resident and 2 species were rare resident. Of the 5 migratory birds, 3 species were
common winter migrants, one was rare winter migrants, and one was rare passage
migrants. Siddiqui et al. (2008) documented in total 176 migratory birds in Bangladesh.
This study found diverse microhabitats, plenty of foods and roosting sites both for
resdents and migratory birds that facilitated living for these bird species. The area also
provided breeding facilities that might be the reason for greater assemblage of resident
birds.
Habitat utilization by wildlife: Wildlife utilizes diverse microhabitats in the study area.
Of the wildlife recorded in the diverse microhabitats, 20 (18.18%) were seen in the
woody plants followed by 17 (15.45%) in tree branches, 12 (10.9%) in the bushes, 11
(1%) in the fruiting plants, 8 (7.27%) in the open forest, 8 (7.27%) were seen in the
different water bodies (marsh, canal, small river and beel), etc. (Fig. 3). These results
indicate that most of the wild animals occurred in the terrestrial habitat probably because
of the large insects population was available there as food items for insectivore wild
animals. Besides, there were many large fruiting trees, woody and flowering plants which
provide food, shelter and nesting facilities for breeding of wildlife in the study area.
Species diversity indices: The calculated diversity indices indicate that the diversity of
birds (Simpson's index of diversity D = 0.942 and Shannon-Wiener Index H = 3.287) was
higher than the other groups observed (viz. amphibians, reptilians and mammalians).
However, mammals and birds were more evenly distributed (mammals = 0.820 and birds
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= 0.768) in comparison to amphibians and reptiles (Table 5). Sarker et al. (2000) reported
that avian diversity was higher in the cultivated and bushy lands because of food
availability and adequate shelter. The study area is enriched with homestead forest and
garden, cultivated land, fallow land, water bodies and bushy land. This habitat attracted
the birds more than the other groups observed in the study area, hence probably diversity
of birds was higher than others wild animals.

Fig. 3. Number of species found in the different microhabitats.
Table 5. Species diversity indices according to groups.
Parameter

Amphibia

Reptiles

Birds

Mammals

Simpson's index of diversity (D)

0.624

0.789

0.942

0.869

Shannon-Wiener index (H)

1.214

2.008

3.287

2.370

Evenness (E)

0.678

0.761

0.768

0.820

[

Threats and conservation problems: Frequent use of agro-chemicals in the crop fields,
urbanization, conversion of fallow and forest land into agricultural land were the main
threats for survival of wildlife in the study area. Additionally, illegal hunting, shooting,
clearing of thickets, bushes, jungles and logging of homested forest were also noticed
during the study period. Dumping of wastes materials, plastics, polythene and chips
packets left by human polluted the environment and eventually leading to the unfavorable
habitat for wildlife. Recorded wild animals are being affected by encountering these
extrinsic problems and threats in the study area.
Conservation awareness and scientific monitoring of wildlife are limited in Bangladesh
results 31 species has gone extinct regionally from the country (IUCN Bangladesh
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2015a), and many of them are on the brink of local extinction. Rigorous scientific studies
are important to ensure long-term conservation of wildlife and their habitats.
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YIELD AND BIOCHEMICAL ATTRIBUTES OF BRRI DHAN-44
(ORYZA SATIVA L.) AS AFFECTED BY TIBA APPLICATION
A. M. M. GOLAM ADAM*, RASEDUL ISLAM AND HASNA HENA BEGUM
Department of Botany, Jagannath University, Dhaka-1100, Bangladesh
Abstract
A pot experiment was carried out to evaluate the effect of different concentrations (0, 10,
25, 50 and 100 ppm) of TIBA on yield and biochemical attributes of BRRI dhan-44.
Results revealed that number of effective tillers and dry weight of panicle per plant,
length of panicle, number of grains per panicle, 1000-grain weight, yield per plant and
harvest index increased due to all concentrations of TIBA treatments where, treatments
mean varied significantly in majority of cases. The stimulatory effect of TIBA treatments
on number of effective tillers and dry weight of panicles per plant, length of panicle,
number of grains per panicle and 1000-grain weight resulted significant increase in grain
yield per plant. The maximum yield per plant (17.83 g) was obtained from 10 ppm TIBA
treatment which was 59.76 % higher over the control. Increases in yield per plant due to
25, 50 and 100 ppm TIBA were 50.53, 47.58 and 28.49%, respectively. Findings of this
investigation showed that foliar application of TIBA had beneficial effect on pigment
content of leaves at tillering and grain filling stages with a few exceptions. Protein
content of leaves was also positively influenced by most of the treatment at tillering
stage. Out of five treatments, 10 ppm TIBA produced better results.
Key words: BRRI dhan-44, TIBA, Foliar application, Yield, Biochemical attributes

Introduction
Rice (Oryza sativa L.) is the chief food of the people of Bangladesh which contributes
about 92% of the total food grains produced in the country (Chowdhury and Hassan
2013). The demand for rice is persistently rising in our country with nearly 2.3 million
people being added each year to its population (Zohir et al. 2002). But, the problem of land
scarcity is being compounded by land degradation as there is almost no scope for
bringing new land under cultivation. In addition, drought, lack of irrigation facilities,
flooding and salinity of soils are the main constraints for better production. Demand of
rice can be achieved through the number of agronomic techniques viz. selection of high
yielding and disease resistant varieties, hybridization, improved cultural practices,
proper application of fertilizers, use of growth regulating substances etc. Deficiency of
plant growth regulators at any stage of plant growth may create a genetical or
environmental barrier in attaining maximum growth and yield. Moreover, these organic
substances have been used for many years to boost up crop production.
*

Author for correspondence: E-mail: adam_du04@yahoo.com

118

Adam et al.

Results of several investigations of the world revealed that application of 2,3,5 tri-iodo
benzoic acid (TIBA) have potential effects in modifying growth, yield and biochemical
component of several economically important plants (Phillips and Chilcote 1981,
Ravichandran and Ramaswami 1991, Kler and Dhillon 1993, Rahman and Rahman 1997,
Mondal and Dutta 2002, Djanaguiraman et al. 2005, Surendra et al. 2006, Abdelgadir et
al. 2009). But, research work regarding the effect of TIBA on cereals crops is limited
from elsewhere of the world and also in Bangladesh (Munira 2015, Adam et al. 2015).
Hence, the present work was under taken to evaluate the effect of TIBA on yield and
biochemical component of BRRI dhan-44.
Materials and Methods
A pot experiment was conducted at the botanical garden of the Department of Botany,
Jagannath University, Dhaka. Earthen pots of uniform size was filled with 9.0 kg air
dried soil. The soil used in this experiment was clay loam in texture. Urea, triple super
phosphate, muriate of potash and gypsum were applied at doses recommended by BRRI.
Cowdung was also mixed homogeneously during preparation of the pots. The experiment
was laid out in a randomized complete block design (RCBD) with five replications. Seeds
of BRRI dhan-44 were collected from Bangladesh Agricultural Development Corporation
(BADC). It is a high yielding Aman variety, very popular to the farmers of southern part,
and also suitable for non-saline tidal zone. Seeds were sterilized with 0.05% calcium
hypochlorite solution for two minutes before sowing. Seedlings were transplanted to
experimental pots at the age of 40 days after sowing. Three hills were placed in each pot,
where each hill contains one seedling. Thinning, weeding and irrigation were done as per
necessity. Split applications of urea were done twice at the rates of 2 g per pot at 24 and
54 days after transplanting (DAT). There were five foliar treatments viz. 0 (control), 10,
25, 50 and 100 ppm TIBA. Treatments were applied in sunny early morning at 32 DAT.
During spraying, precautionary measures were taken to avoid crossing of growth
regulator from one treatment to another.
Plants (BRRI dhan-44) were harvested at the age of 120 DAT. During harvesting 10
plants of each treatments were randomly selected to record data on number of effective
and non-effective tillers per plant, dry weight of panicles per plant, length of panicle,
number of grains per panicle, % of filled and un-filled grains per panicle, 1000-grain
weight, yield per plant and harvest index. Yield per plant was calculated according to the
formula of ICRISAT (1992). Chlorophyll a and b, carotenoid and protein contents of
leaves were determined at three different stages viz. tillering, flowering and grain filling
stages. The amount of chlorophyll a and b were determined by using specific absorption
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co-efficient of Mckinney (1940) and the formulae of Maclachalan and Zalik (1963). The
amounts of carotenoid was calculated using the equation of von Wettstein (1957). The
method of Lowry et al. (1951) was employed for the determination of protein content of
leaves. Data were analyzed statistically and treatment means were compared by LSD test
at 5% level of significance (Steel et al. 1997).
Results and Discussion
Results presented in Table 1 showed that number of effective tiller per plant increased
due to all treatments and the maximum increase was recorded from 100 ppm which was
48.38% higher over the control followed by 10 ppm. TIBA treatment. Whereas, in case of
non-effective tillers per plant better response was obtained from 50 and 100 ppm TIBA
treatments. Reports of Misra and Sahu (1958) revealed that the number of panicles per
plant was increased due to 250 and 500 ppm TIBA application. Similar results of increase
were also recorded in other plants by several investigators (Chung and Kim 1989,
Ravichandran and Ramaswami 1991, Rahman and Rahman 1997, Mondal and Dutta
2002, Djanaguiraman et al. 2005).
Present investigation also showed that dry weight of panicles increased following all
treatments and the maximum obtained from 10 ppm.. Findings of Munira (2015) revealed
significant increase in dry weight of cob due to TIBA application in BARI Maize-6.
Similar results of increase due to TIBA application were also reported in different plants
by other workers (Jahan and Khan 2014, Adam and Jahan 2014).
Results indicated that significantly higher length of panicle was obtained from the plants
of 10 and 25 ppm treatments although statistically at par to 50 and 100 ppm. The
maximum increase due to 10 ppm was 17.08%. Length of panicle was also found to
increase following both 50 and 100 ppm treatments but statistically similar to control.
Increases in length of pods due to TIBA application were reported by Munira (2015) in
BARI Maize-6 and Adam and Jahan (2014) in BARI Mung-5. However, Misra and Sahu
(1958) did not find any significant changes due to TIBA application on rice plant.
Results revealed that number of grains per panicle of BRRI dhan-44 responded positively
following all treatments and increased significantly due to 10 and 100 ppm treatments.
Misra and Sahu (1958) obtained increased number of grains per panicle from 100 ppm
TIBA treated rice plant. Number of karnels per cob increased following TIBA application
in BARI Maize-6 (Munira 2015). These results are also in conformity with the findings
of other workers (Dholekar et al. 2001, Jahan and Khan 2014, Adam and Jahan 2014).
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In the present investigation, per cent of filled grains per panicle increased due to all
treatments except 100 ppm TIBA treatment. The maximum per cent filled grains per
panicle was obtained from 25 ppm treatment although statistically at par to rest of the
treatments. Application of TIBA had also beneficial effect on per cent of un-filled grains
per panicle with an exception of 100 ppm treatment. By applying different concentration
of TIBA, Misra and Sahu (1958) found increased percentage of grain setting where,
variation was significant due to 100 ppm treatment.
Results showed that weight of 1000-grain increased due to all rates of TIBA treatments in
BRRI dhan-44. The maximum 1000-grain weight was obtained from 10 ppm which was
significantly different from control but similar to 25 ppm treatment. Munira (2015)
reported that 1000-grain weight increased following all concentration of TIBA treatments
in BARI Maize-6 where, significantly highest value was obtained from 25 ppm treated
plants. However, findings of Misra and Sahu (1958) did not observe any significant effect
of TIBA on 1000-grain weight of rice. Similar results of increases in seed weights
following TIBA application were also reported by other investigators (Ravichandran and
Ramaswami 1991, Jahan and Khan 2014). Thus, the results obtained during the present
study are in accord with the findings of previous workers.
Results of the present investigation revealed that yield of BRRI dhan-44 was significantly
higher following all concentrations of TIBA treatments. The maximum yield per plant
(17.83 g) was obtained from 10 ppm treatment and it was 59.76 % higher over the control
followed by 25, 50 and 100 ppm, respectively. Increases in yield per plant due to 25, 50
and 100 ppm were 50.53, 47.58 and 28.49%, respectively. Mishra and Sahu (1958)
reported that TIBA induced yield at 100 to 250 ppm in mid- and late-winter varieties of
rice by increasing the number of grains per panicle and percentage of seed-setting. Yield
of BARI Maize-6 increased following different concentration of TIBA treatment and
were significant due to 50 and 75 ppm treatments (Munira 2015). Application of
different concentrations of TIBA had also beneficial effect on yield of different plants viz.
ground nut (Kler and Dhillon 1993), safflower (Dholekar et al. 2001), tomato (Razzaque
and Rahman 2004), cotton (Djanaguiraman et al. 2005), soybean (Jahan and Khan 2014),
mungbean (Adam and Jahan 2014). Thus, the findings of the present investigation are in
conformity with the findings of many other investigators who have observed that yield of
TIBA treated plants may increase depending on the concentrations used and also on the
plants.
Results showed that, harvest index increased following all treatments. The highest
harvest index was found from 10 ppm followed by 25 ppm treatment. Foliar application
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of 75 ppm TIBA resulted the maximum harvest index in BARI Maize-6 followed by 25
ppm treatment (Munira 2015) whereas, Adam and Jahan (2014) found highest harvest
index with 20 ppm TIBA treatment.
Results obtained during the present investigation showed that the amount of chlorophyll
a, b and carotenoids content of BRRI dhan-44 were found to increase at tillering and
grain filling stages having few exceptions, whereas, decreased at flowering stage
following all treatments (Table 2). Pigment content of leaves significantly increased due
to all application of TIBA treatment at tillering stage except carotenoids content due to
100 ppm treatment where, it was decreased significantly. Results also showed that plants
treated with10 ppm TIBA produced the highest pigment content of leaves. Both increases
and decrease in pigment content of leaves following TIBA treatments was reported by
Munira (2015) in maize and Jahan and Khan (2014) in soybean. Findings on pigment
content of leaves are in conformity with the results of many other investigators who have
observed that pigment content of TIBA treated plants may increase or decrease
depending on the concentrations used and also on the variety.
Foliar application of TIBA had affirmative response on protein content of leaves at
tillering stage with an exception of 25 ppm treatment. Although, protein content of leaves
responded negatively at flowering and grain filling stages with significant variations
(Table 3). This results are in agreement with the findings of other authors (Jahan and
Khan 2014, Munira 2015).
Table 3. Effect of TIBA on protein content (mg/g) of leaves of BRRI dhan-44 at three different
stages.
Treatments

Tillering stage

TIBA (ppm)

Flowering stage

Grain filling stage

Amount of protein (mg/g)

0

44.28

38.75 a

7.68 a

10

61.45

21.60 c

3.50 b

25

39.30

31.32 b

2.95 b

50

45.80

38.83 a

2.23 b

100

47.75

34.18 ab

2.83 b

CV (%)

14.79

24.06

12.94

NS

6.85

2.02

LSD (0.05)

Mean in a vertical column followed by same letter or without letter do not differ significantly at
5% level.
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The overall results of this investigation indicated that various concentration of TIBA had
mostly stimulatory effect on various yield contributing parameters and finally increased
grain yield significantly. Biochemical components responded differently depending on
the concentration of TIBA and stage of growth. Among five concentrations of TIBA, 10
ppm produced better outcome.
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TO ADAPT IN THIS ISLAND
AMIT KUMAR AND SABNAM SARMIN LUNA*
Department of Geography and Environment, Jagannath University,
Dhaka-1100, Bangladesh
Abstract
The study attempts to explore the factors behind selecting Nijhum Dwip for migration and
perceive the relative importance of livelihood capitals (Human, physical, natural, financial and
social) for the climate change adaptation of migrant community. Both qualitative and
quantitative approaches are followed in this study. Data are collected from primary and
secondary sources. The study recognizes, people are moving to Nijhum Dwip rather shifting to
main land despite facing numerous disasters like cyclone, river bank erosion, flood, storm
surge, sea level rise, salinity intrusion and so on. This is mainly due to low price of land and
no alternative place to shift. They consider physical capital as the strongest livelihood capital
to adapt in this island followed by human capital, natural capital, financial capital as well as
social capital are also suitable option for enhancing the adaptation of migrant community to
settle there.

Key words: Migrant community, Adaptation, Livelihood capital, Climate change, Nijhum
Dwip
Introduction
Migration is one of the most important survival strategies adopted by people in the face
of natural or man-made disasters (IOM 2008, Siddiqui 2014). A number of factors
influence people to migrate, often with a combination of forced and voluntary reasons
combining to push them away from current situations and to pull them towards new
situations. Climate change is one of the main reasons for migration (Stojanov et al.
2016). This is likely to contribute displacement and increase both internal and
international migration, with current projections estimating that by 2050, 200 million
people will become displaced due to environmental factors (Pascoe 2015). Climatic
events can affect migration in numerous ways: it might be temporary or permanent,
planned or spontaneous, within states or across national borders and can involve
individuals, households or communities (Pascoe 2015). Coastal areas are one of the most
vulnerable spaces because of sea-level rise, increased level of inundation and
*Author for correspondence: E-mail: sarminluna@yahoo.com
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storm flooding, coastal erosion, seawater intrusion and increased temperature (Torresan
et al. 2008). However, a great change has been observed in the pattern of migration in
Bangladesh especially in the off-shore islands of coastal areas due to the intensification
of natural hazards. In the context of Bangladesh, natural disasters play considerable role
in forcing people to migrate as a coping strategy (Rayhan and Grote 2007, Siddiqui
2014). Here, the most critical impact of climate change will result in the migration of the
people from coastal areas to all over the country (Barman et al. 2012). There are major
islands in coastal area of Bangladesh like Bhola, Sandwip, Hatia, Kutubdia, Moheshkhali,
Saint Martin becoming vulnerable due to climate change (Tanim and Roy 2013).
Nevertheless, these people do not migrate to mainland rather they migrate to intra-island
among same Upazila or district. Because the new born islands facilitates several pull
factors for the poor migrants such as, low land price, high fertility and productivity of
agriculture lands, massive amount of unclaimed natural resources like timber or fisheries
etc., sometimes incentives from the local government authorities and so forth. It is found
from the studies that large number of migrants are shifting to Nijhum Dwip in spite of
facing natural calamity like cyclone, river bank erosion, flood, storm surge, sea level rise,
salinity intrusion etc. The migrants create many ways for living in this island and they are
adapting with climate change induced hazards (flood, river bank erosion, storm surge,
cyclone and sea level rise). This vulnerable people may be getting scope for living in this
island for having livelihood assets (Physical, natural, human, financial and social).
A study on fishing community used livelihood assets for analyzing their resilience in
Nijhum Dwip. The study depicted that natural asset is the most significant for fishermen
resilience. The effectiveness of human, financial and social assets are moderately
significant, where the physical asset is the least significant in fishermen resilience
(Hossain et al. 2013). Warrick also added that people of Pacific islands inhabit in coastal
areas due to the availability of natural resources for their livelihood and wellbeing (
Campbell and Warrick 2014).
A very few studies have been done on migrant community of Nijhum Dwip and
livelihood capital has hardly been exercised to perceive the adaptation of migrant
community in this island. The study findings can improve our understanding of the issue
of internal displacement in the country and might also add value to the existing
knowledge products on climate change and disaster. This study can be an important
document for policy makers, planners and government officials to take appropriate
decision whether to relocate the vulnerable population to new places or retain them in
their ancestral home through enhancing their resilience.
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The specific objectives of the study are to find out the factors behind selecting Nijhum
Dwip for migration and to identify the relatively prominent livelihood capitals to adapt in
the island.
The present study was carried out on the migrant community of Nijhum Dwip island
under Hatiya Upazila of Noakhali district in Bangladesh. It is Southern most island of
Bangladesh that confluences of Meghna estuary of Bengal (South and West), the island is
about 2.2 meters high from the sea level (Saha et al. 2014). Coastal area is very dynamic
in nature. Nijhum Dwip is one of the timeworn islands where erosion and accretion
simultaneously happen like other islands situated in the Meghna estuary. According to
the satellite imagery the mudflat land is the most unstable and usually its movement is
unpredictable. Data found from a study done by Hossain et al. (2016) the mangrove
forest is decreasing while the homestead forest and cultivable lands are increasing which
indicates that population settlement of Nijhum Dwip is growing over the year. Population
of Nijhum Dwip increased to 12796 from 7835 in one decade commencing from 2001
(BBS 2011).
Materials and Methods
The study was conducted based on both primary and secondary data. Secondary data
were collected from various published and unpublished sources for instance, journal,
book, thesis paper and so on while interviews with migrant families using semi-structured
questionnaires constitute the major source of empirical data. Information was collected
from the household head. The total number of households in Nijhum Dwip are 2464
(BBS 2011). Maximum people live in the southern part of Nijhum Dwip. There is no
available statistics how many families migrated to Nijhum Dwip. That is why 50 migrant
families were taken from the southern part of Nijhum Dwip by using snowball sampling
technique in order to know why they migrated to this island instead of main land and
which assets helped them keep staying there. The families, migrated to this island at least
before one year were selected for the survey. Livelihood capitals (Physical, natural,
human, financial and social) from sustainable livelihood approach (SLA) provided by
DFID (1999) has been taken to identify the comparative importance of these capitals in
the form of adaptation in this island. The five components for each capital are decided by
the author in order to fulfill the objectives. After having the collected data from the field,
the surveyed information was examined and processed by using computer software SPSS
(Spatial package for social science) while ArcGIS10.3.1 was used to produce the map of
migrant’s source to Nijhum Dwip and MS Excel was also used for making charts and
diagrams. In addition, Adobe Photoshop and Illustrator software were used for preparing
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pentagons of livelihood capitals. The relative importance scale (Table 1) was used in
order to determine the priority for each criterion of livelihood capitals among migrant’s
community. The comparative significance of various indicators of capitals was calculated
by the given value of the scale. No negative reply was given by the respondents regarding
the importance of livelihood capitals. The total value of each criterion multiplied with the
scale value and then divided by total number 50 and this result was shown in each
pentagon of capitals. Thus from the average value of five capitals, final livelihood
pentagon was produced.
Table 1. The relative importance of criteria (Assumed value by author).
Extreme
1/5

Very
strong

Strong

Moderate

Neutral

Moderate

Strong

Very
strong

Extreme

1/4

1/3

1/2

1

2

3

4

5

Less importance

More importance

Results and Discussion
Overall, there are many reasons why people migrate, where contemporary climatic events
suggested as a key force towards more migration. The study also recognizes the same,
explaining various losses of migrant’s family due to natural disasters before their
migration to Nijhum Dwip, which disaster mainly forced them to migrate, why they
prefer Nijhum Dwip to settle there and from where they arrived in the island for living.
Losses of migrant families due to natural disasters before migration to Nijhum Dwip:
People living in coastal and offshore islands of Bangladesh have been facing a problem
of losing their homes and sources of livelihoods by natural hazards and are forced to
move further into the sea (Siddiqui 2014). The Table 2 shows that before their migration,
the migrant families were greatly affected by catastrophic disaster causes loss of
homestead, infrastructure, agriculture land, crops, livestock, and employment which
actually forced them away to Nijhum Dwip. As per study, cent per cent of the families
lost their homestead and agriculture land, 96% families lost their crops, 92% hampered
infrastructure and livestock for each and 30% lost their employment due to disaster.
Influential climatic events behind migration to Nijhum Dwip: In 1990, the
Intergovernmental Panel on Climate Change (IPCC) noted that the greatest single impact
of climate change could be on human migration with millions of people displaced by
shoreline erosion, coastal flooding and agricultural disruption (Brown 2008). Extreme
climate events like floods, cyclones and tidal surges, as well as gradual impacts of
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climate change like salinity or river erosion cause climate induced migration (Anwer
2012). The findings of the study show that most of the families (84%) displaced to
Nijhum Dwip due to river bank erosion and 10% families migrated due to cyclone and
only 6% families shifted because of flood disaster (Table 3).
Table 2. Losses of migrant families due to natural disasters before migration to Nijhum Dwip.
Losses

N = 50 (%)

Losses

N = 50 (%)

Homestead loss

50 (100)

Crops Loss

48(96)

Infrastructure loss

46 (92)

Livestock Loss

46(92)

Agriculture land loss

50(100)

Employment Loss

15(30)

Source: Field survey, 2017 parenthesis shows the percentage.
Table 3. Influential climatic events behind migration to Nijhum Dwip.
Name of disaster

Percentage

River bank erosion

84

Flood

10

Cyclone

6

Total

100

Source: Field survey, 2017.

Reasons for selecting Nijhum Dwip for migration: The study reveals that most of the
families (86%) migrated to Nijhum Dwip considering the low price of land, 82% families
shifted because they have no alternative place to go, 72% mentioned the area is easy to
migrate and the other motives to move this island were followed by near to house (48%),
available facilities (46%), save zone from before (40%), rearing up cattle (38%) and very
few of them recognized that they can reside together (16%) and only 2% of them said
the area is above from flood level (Fig. 1).
Source of migration: The Map 1 demonstrates the origin place of migrant families. It is
evident that the migrants were mainly from the neighbouring area of Nijhum Dwip
specially from the different unions of Hatiya Upazila, but they came from northern part
of Hatiya upazila to Southern most part of the Upazila called Nijhum Dwip which is
towards the sea. Most of the respondents (37%) migrated from Jahajmara union, about
22% from Sukh char, 13% from Charking, 9.3% from Nalsira, 7.4% from Burir char,
5.6% from Sonadia union and followed by approximately 4 and 2% migrated from
Tomuriddin and Char Ishwar, respectively.
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Source: Field survey, 2017
Fig. 1. Reasons for selecting Nijhum Dwip for migration.

Source: Author's Field Survey, 2017
Map 1. Source of migration.
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Relative importance of livelihood capitals for adaptation of migrant community of
Nijhum Dwip: The livelihood capitals (physical, natural, human, financial and Social) are
taken from sustainable livelihood approach (SLA) provided by DFID (1999). The
components of each capital comprise, Human capital (education, ecological knowledge,
good health, mental strength, disaster management training), financial capital (cash
savings, livestock, credit, wage/income, fisheries), natural capital (house steward, garden,
wood/fruits, pond, agriculture), physical capital (house structure, sanitary latrine and tube
well, electric line, road, cyclone shelter), social capital (social harmony, religious bond,
neighbor co-operation, union parisad, co-operative association).
Human capitals: Among the criteria of human capital, it is found that education placed
first with score 4.8 within 5 whereas the respondents acknowledged mental strength
second with score 4.1 and followed by ecological knowledge, disaster management and
good health with score 3.8, 3.7 and 3.1, respectively as the essential human capital for
adaptation against climatic events in Nijhum Dwip.
Financial capitals: The Fig. 3 reveals that most important financial capital is cash
savings (score 3.3) for coping in this island. The respondents recognized wage/income
second with score 3.2 and credit and livestock (3.1) for each, fisheries (3) are also
considered as important financial capital for coping with disasters in the area.
Natural capitals: It is evident from Fig. 3 that wood/fruit tree status first with score 3.9
within 5. To the respondents pond is the second natural capital (3.3) and followed by
garden, house steward and agriculture stood next position with score 3.1, 2.9 and 2.8,
respectively as the way of adjustment in the island.
Physical capitals: Maximum respondents of the study opined road (with score 4.3) is the
most important physical capital. They stated cyclone shelter is second with score 4.2 and
house structure (4.1), sanitary latrine (3.3) and tube-well (3.2), as the essential physical
capitals to settle in Nijhum Dwip.
Social capitals: Regarding social capitals, most of the respondents mentioned neighbor
cooperation is the most significant asset with score 4.3 within 5. They mentioned cooperative operation (with score 3) is second important social capital and followed by
social harmony, religious bond, union parisad with score 2.9, 2.4 and 2.3, respectively as
the way of alteration for staying in the island.
Livelihood capitals: Among five livelihood capitals, it is found physical capital is the
most significant livelihood capital with score 4.1 within 5. The respondents admitted
human capital second with 3.8 and followed by natural, financial, social capital scored
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3.3, 3.2 and 3.1 respectively were considered as important livelihood capitals for adapting
with climatic hazards in Nijhum Dwip.

Source: Field survey, 2017.
Fig. 3. Relative importance of livelihood capitals for climate change adaptation of migrants
community of Nijhum Dwip.

Conclusion
The study identified significant findings according to the objectives. As we know coastal
areas are one of the most vulnerable places due to natural hazards so people need to
migrate in search of alternative livelihoods. In most cases the destinations of such
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displaced people are the nearest urban area. However, the people of coastal region are not
moving to better place for their economic insolvency rather they shift to new born island
towards the sea. Before their migration most of the migrant families lost their homestead,
crops, livestock and even job that is why they decided to migrate for different existing.
River bank erosion was the prominent disaster to force them away from the place of
origin. The respondents acknowledged the low price of land (86%), no alternative place
(82%), easy to shift (72%) as the major factors behind choosing Nijhum Dwip for settling
there. The migrants were mainly from the neighboring area of Nijhum Dwip such as
Jahajmara (37%), Sukhchar (22.4%), Nalchira (9.3%) and so on.
Regarding relative importance of livelihood capitals the respondents admitted physical
capital as the most important asset followed by human, natural, financial and social
capital are also considered as significant livelihood capitals for adjusting in this island.
The findings of the study can contribute to add value to the existing knowledge on
migrant community of Nijhum Dwip and their adaptation strategy. This study might be a
significant document for policy makers, planners and government officials to take
suitable solution either relocate the vulnerable people or retain them in their origin by
enhancing their resilience.
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Abstract
In Southkhali Union of Bagerhat district in Bangladesh about 47% of the total population
is living beyond the service area of cyclone shelters (CS) not only for the carrying
capacity of CS but also for the accessibility. Location-allocation tool of Network Analyst
tool in ArcGIS determined the service area of each CS in the study area based on its
shelter capacity and accessibility. People residing outside the service area of cyclone
shelter are highly vulnerable due to low elevation of land and poor housing structure. The
location-allocation tool of Network Analyst provided the proper evacuation plan that
would identify the shelter location for each household or cluster of population and the
evacuation route also. It would also help to find the proper location to build new shelters
for unserved community.
Key words: Accessibility, Network analysis, Service area, Vulnerable households, Locationallocation tool

Introduction
Bangladesh is the sixth most disaster prone countries of the world where 97.7% of the
total population of 97.1% area are at risk of multiple natural calamities including
cyclones (World Bank 2015). Cyclone and storm surge are the most devastating among
all the disasters in Bangladesh which devastates lives and properties in coastal areas.
Geographic location, the unique natural setting of the country and its tropical monsoon
climate make the country more vulnerable to cyclones and storm surges (Paul 2009).
Nearest position from equator, warm oceanic temperature, presence of high vertical wind,
low pressure areas, easterly wind in the Bay of Bengal are the significant factors that
causes to form cyclone. On the other hand, coastal zone is mainly low-lying with 62% of
the land having an elevation less than 3 meters and 86% less than 5 meters from the mean
sea level (MSL) (CDMP 2009). Since 1960 most of the coastal areas are protected by
embankments and polders which protect the coastal communities from tidal surge.
*Author for correspondence: E-mail: tanvir.gis@gmail.com
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During the last 100 years, Bangladesh has experienced 53 major cyclones (Ahamed et al.
2012). Historically major cyclones hit the coastal areas of the country in 1970, 1991 and
2007. In cyclone SIDR 1(2007), the number of human death was 3,363 and in AILA2 it
was 190 (GoB 2008). It is to be mentioned that Government of Bangladesh (GoB) and
NGOs have taken initiatives in coastal areas to reduce the risk of human life and
properties. A large number of people who are living outside or near to embankments still
are vulnerable to storm surge and cyclone. Frequent attack of cyclone in last 2 or 3
decades and disaster preparedness program of GoB and NGOs raise the awareness level
of communities during the disaster period. Though the community people prepared to
move, they do not know which cyclone shelter (CS) they should go. As part of disaster
preparedness, people should be evacuated to the shelters or safe locations before the
cyclone or storm surges stuck. So service area delineation of each CS and determination
of the appropriate CS for each house would help to evacuate the people on time.
Accessibility is an attribute of people (and goods) rather than transport modes or service
provision, and describes integrated systems from a user viewpoint (Halden et al. 2005).
There are three primary components that make up accessibility. Accessibility means the
easiest or shortest way to move from one place to another. It can be defined as the ease
with which activities at one place may be reached from another via a particular travel
mode (Liu and Zhu 2003). In the context of health care, accessibility is viewed together
with a set of more specific areas of fit between the patient and the health care systemspecifically availability, affordability, accommodation and acceptability (Penchansky and
Thomas 1981). Measured straight-line distances, driving distances and time method used
by Al-Taiar et al. (2010) for vaccination facilities development under Yemen and all
three measures showed strong association with vaccination of children after adjusting for
socio-economic status. Measured distance method used between patient and facility’s zip
codes in Michigan for patient management Lin et al. (2005) where similar differences
observed between revealed and potential access in both rural and urban areas. In a word,
accessibility can be determined by its route or path of origin to destination and mode of
communication which usually better understand with network analysis. Network usually
means a set of connected lines. It can represent the river, road, rail line or even
telecommunication lines. Network analysis has a strong theoretical basis in the
mathematical disciplines of graph theory (Curtin 2013). Network analysis consists of a
set of techniques for modeling processes that occur on networks. The network analysis

1

SIDR a severe tropical cyclone hit Bangladesh on 15 November, 2007.
AILA a severe tropical cyclone hit Bangladesh on 27 May, 2009.
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can be able to perform three tasks: locations on networks, routing across networks, and
network flow analysis.
Along with the accessibility and communication status, readiness of community to
receive a service is very important to determine the boundary of a service area. Parker
and Campbell (1998) used calculated network distance for accident and emergency
services phenomena and findings suggest that the majority of patients choose medical
practices near their home which is geographically closest to their home address. Luo and
Wang (2003) developed two-step floating catchment area and gravity based method for
primary health care in Chicago. This method was simpler and easier to interpret and used
for improving the designation of health professional shortage areas. Couple of studies on
people’s behavior on moving towards a CS in coastal area of Bangladesh have found that
both physical and social barriers may impede their movement. During cyclone, most of
the people who were within a range of 1 mile (1.6 km) took safer shelter and all of them
have reached there on foot (Paul and Routray 2011). Paul and Routray (2013) found in
their study that major causes of refuge in cyclone shelters were poor road communication
and also the low capacity of cyclone shelters. Both of the study suggested that during the
construction of new CS, maximum coverage should be considered to maximize the
coverage of future CS. Eklund and Martensson (2012) used GIS application to analyze
accessibility of health services where GIS and network analysis were used to generate
different estimations of accessibility based on the existing road network and transport
barriers. The study analyzed the service area in three scenarios - worst case, present
situation and best case. In the study, worst case considered when all checkpoints, road
gates and barriers closed; present situation considered as all checkpoints and some road
gates open but barriers closed; best case considered when all checkpoints, road gates and
barriers were removed.
Vulnerable households indicate the people living in houses that are exposed to cyclone or
storm surge. In other it can be said that the houses which would be damaged in worse
level due to weak design and closeness to river or sea. In coastal Bangladesh most of the
houses are poorly constructed as the people are living with hardship. To understand the
effectiveness of cyclone shelters Quader and Mahbub (2012) conducted a study. The
study attempted to determine the appropriate location of cyclone shelter along with
evacuation plan for existing CS in coastal area and finally formulate a policy guideline
for managing cyclone shelters and locating future shelters. According to the study most
of the population is out of shelter coverage.
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Reviewing cyclone shelter related articles and documents it can be said that very few
attempts were made to determine the service area of cyclone shelter. Though CDMP
determined the catchment area or service area considering population distribution
uniformly in the ground and also not considering physical barriers i.e. canal, pond or crop
land etc. This particular paper tries to delineate the boundary of each CS according to
carrying capacity of each CS, household level population and detail road network data
were analyzed. GIS techniques have the capability to determine the service area of
cyclone shelter. The study demonstrated how network analysis of GIS resolves the
service area of a CS in capacity constraints and physical barriers. GIS Networks are
widely used for usually two kinds of modeling (transportation network and utility
network). Network analyst can simply determine the quickest way to reach from one
point to another. Location-allocation analysis, a tool in the ArcGIS Network Analyst
extension, determines an optimal location for one or more facilities that will service
demand from the surrounding population. The major objectives of this study were to:
 delineate the service area of each CS based on its accessibility and capacity,
 find out the nearest accessible CS from each settlement and
 identify the vulnerable households which are beyond the service area of CS.
Profiling study area
Southkhali Union is located in Sarankhola Upazila of Bagerhat District. The union is
surrounded on the north by the Royenda Union, on the south by the Sundarbans, on the
east by the Baleswar River and on the west by Bhola River and also the Sundarbans. The
area is located between 89°48'01"E and 89°50'30"E longitude and 22°17'01"N and
22°13'30"N latitude. The total area of the union is 36.88 sq. km. There are many canals
flowing over the villages. According to the Census 2011, the total population of the
Union was 24,980 (BBS2011). The economy of Southkhali Union is predominantly
agricultural. Its economy is also dependent on the Sundarbans, rivers and Bay of Bengal.
The literacy rate in this Union is 54.75%. About 24% people live under the poverty line
(BBS 2011). While only 7.26 % households are connected with electricity. The elevation
of the Union varies from 1 - 3 m above the mean sea level (MSL). This Union
experienced hazard in different times. Cyclone and flood are common hazards in the
study area. People of this Union are affected severely by cyclone SIDR and AILA. There
are 27 CSs in 23 locations. The total capacity of cyclone shelter is 11,050. Among the 27
CSs, LGED (Local Government Engineering Department) have made 13 CSs. A leading
NGO Karitas has made five cyclone shelters and Ashroy Foundation constructed three
cyclone shelters. Other cyclone shelters were constructed by World Bank, BRAC, Islamic
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Relief, Prodipon, Shusilon and Bangladesh Army. Among the cyclone shelters, 22
shelters have management committees. Community and NGO are the members of the
committee. In the study area, total length of road network is 89.36 kilometers. Most of
the roads are katcha. The percentages of pucca, herringbone and katcha road are,
respectively 9.3, 24.22 and 66.44%. Southkhali Union is one of the most vulnerable
Union because of its low elevation, exposure to the mighty Boleswar River and poor
communication with the Upazila headquarter. Sarankhola was worse victim of cyclone
SIDR as the highest number of people killed in this Union among the Unions.
Considering these issues, Southkhali Union was selected as our study area.

Source: LGED & Field Survey, 2014.
Fig. 1. Southkhali Union (Study area).

Methodology
In case of CS route only road network would be considered as because during a cyclone
all other communication are not useable. Network analysis could measure the
accessibility of a particular service or a point from another point. Locational barrier like
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river is considered as a contributing factor towards dithering in response to cyclone
warnings in the study.

Source: Field Survey, 2014.
Fig. 2. Settlement pattern of the study area.

Data collection: Data have been collected from both primary and secondary sources.
Different tools and techniques were applied to collect data (primary data) from field
survey. Location of cyclone shelter, household and other important structures were
collected from GPS survey. Detail road network along with the physical condition
(Pucca, herringbone or Katcha) recorded through GPS survey using tracking option. To
identify the important features like pond, canal, bridge with its physical conditions
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Google earth Image was used. Other qualitative information i.e. capacity of cyclone
shelters, condition, water and sanitation facilities of cyclone shelters etc. were collected
from secondary sources (i.e. NGOs, Red crescent, related government offices).
Administrative boundary of the study area collected from Local Government Engineering
Department (LGED). Information about house like owner name, number of family
members, housing structure etc. was collected through field survey.

Source: Field Survey, 2014.
Fig. 3. Service area of all cyclone shelters in the study area.
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Georeferencing (data preprocessing) and digitizing: To prepare a spatial database
(shapefiles and geodatabase) GIS and statistical software were deployed. In the first step
value from the GPS are downloaded to PC using DNRGPS software that convert the
GPX file to shapefile format. To digitize the physical features of the area satellite image
was downloaded in JPEG format from Google earth which was not geographically
referenced. Those images were georeferenced using georeferencing tools of ArcGIS10.3.

Source: Field Survey, 2014.
Fig. 4. Service area of BRAC CS.
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Information of images was captured through digitization process. The projected value is
“WGS 1984 UTM Zone 45N”. On the other hand, the information collected in checklist
were input into PC using MS excel. Finally the tabular information joined with the
shapefile based on location. After completion of data capture, all the shape files were
converted to geodatabase. The primary purpose for organizing related feature classes into
a common dataset was for building a topology and a network dataset.
Data analysis: The data analysis was integrated with network analysis and statistical
analysis for delineating service area through various datasets. Location-allocation tool of
network analyst was used to resolve the service area. Location-allocation helps to choose
which facilities from a set of facilities to operate based on their potential interaction with
demand points. To identify the vulnerable population in case of extreme cyclone event
only CS were considered as safe location.

Results and Discussion
The settlement pattern of the study area is linear. Linear settlement patterns are generally
associated with linear feature, either natural or constructed. Roads and rivers have
influenced on settlement pattern. Fig. 2 shows that in the study area, Settlements are
growing along the roads or the river/canal to avail better communication and availability
of water. Most of the fishermen are living in just beside the eastern embankment, and
along the western embankment, most of the people collect resources from Sundarbans.
In the study area, population concentration is increased from southern to northern
direction. The highest density of population is found in Ward nos. 4 and 6.
Service area: When signal no. 6 is given, people must take safe shelter. In this worse
scenario, any kind of transport cannot be used without walking. Several studies reveal
that in extreme situation usually people are notable to or willing to walk more than 30
minutes. In this study, more than 80% inhabitants opined that more than 30 minutes is not
possible for them to walk during cyclone. It is calculated that in 30 minutes they are able
to cover 1 km. So the travel time is considered as 2 km per hour in an average. Capacity
of CS is also an important factor in this analysis. Because all the people in 1 kilometer
distance may not take shelter in cyclone shelter due to low capacity. After analyzing the
data, it was found that 52.73% of total people can be evacuated during an emergency in
cyclone shelter.
Vulnerable households: In the study area, most of the houses are Katcha. But the number
of tinshed and Jhupri is also high. About 59.12 per cent of total settlement is Katcha. The
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percentage of Jhupri, tinshed, semi-Pucca and Pucca are 2.84, 28.67, 4.27 and 5.08,
respectively. In this study, vulnerable households are those which are beyond the service
area where nearly 10,000 people resided. Housing structure is an important factor to
analyze vulnerability. Figs. 3 and 4 showed the location of vulnerable households. The
study finds that overwhelming majority (93%) of vulnerable households are living in
Katcha, tin shed or Jhupri houses. From the previous experience of cyclone, the southern
population of the union are the most vulnerable. The study found that insufficient and
poor communication system make the situation worse. A cluster of people in western part
are living outside the embankment are living dangerously. From the experience of SIDR
most vulnerable households are located just beside the embankment of Boleswar River.
Analysis showed that a large portion of vulnerable households are located inside the
embankment area.
Conclusion and recommendation: In this study, the assessment of CS’s service area was
based on allocation of population in different shelters for evacuation and people’s
accessibility based on communication network. Using GIS and RS techniques, the
distribution of households, location of CSs and communication networks were recorded.
Unique ID was developed for each household and also for the CS. The location-allocation
tool of ArcGIS determined the service area of CSs. Designated household with unique ID
was assigned for particular CS. According to the study, about 47% of the total population
is living beyond the service area of cyclone shelters (CS) not only for the carrying
capacity of CS but also for the accessibility. So it can be said that nearly half of the total
population is vulnerable to cyclone and storm surge. From field survey it is found that
most of the people do not know which particular shelter would be more accessible or
suitable for them. On the other hand, volunteers do not have appropriate emergency
evacuation plan.
Using GIS for evacuation plan and establishment of new cyclone shelter would reduce
the risk of coastal communities. Location-allocation tool of ArcGIS would provide the
appropriate location for new shelters. Proper evacuation plan is essential during an
emergency which needs a detailed database of population, household location,
infrastructures including road network and other important utilities. During Household
Census GPS location of each household can be recorded which will be linked with
population afterward. The system has been organized in such a way that, any changes,
addition, removal or increasing of shelter capacity could be done very easily at Upazila
level by Upazila statistics office. Local Government Engineering Department (LGED)
collects infrastructural information at regular basis. The Disaster Management
Information Centre (DMIC) under the Ministry of Disaster Management (MoDM) can
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compile both databases in GIS format. From the database it is possible to determine the
service area of CSs is essential for evacuation planning and shelter management
practices. According to the service area generated by location allocation tool of ArcGIS,
DMIC would prepare the evacuation plan for emergencies and circulate the plan at
Upazila level. Upazila office will implement the plan at local level. Thus the GIS would
be the best practiced tool for saving life from cyclone and storm surge.
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Abstract
Despite being an Ecologically Critical Area (ECA) and a key attraction place for its
uniqueness and unique bird fauna to the bird watchers and researchers, a method-based,
scientific checklist on the avifauna of the Saint Martin’s Island is still lacking. This study
was attempted to fill in this gap and produced an annotated bird checklist for the St.
Martin’s island. A total of 112 species of birds belonging to 36 families under 15 orders
was listed. Of these, 37 (33%) species were passerine and 75 (67%) species were nonpasserine. Eleven (9.82%) species were found to be very common, 12 (10.72%) species
common, nine (8.04%) species uncommon and 80 (71.43%) species rare.

Key words: Avifauna, Transect line, Shoreline, Saint Martin’s Island, Checklist

Introduction
Birds are one of the key indicators that play an important role in the food web of an
ecosystem (Zöckler 2005). In an ecosystem, birds represents almost all the functional
groups that can help to keep all processes going and have the potentials to send important
messages on the state of the environment (Zöckler 2005). As found in every ecosystem,
birds are highly susceptible to any changes in the habitat they live in, and hence, are good
biological indicators and are used in bioassays (Ahsan and Khanom 2005). Regular
assessment of the avifaunal status of an ecosystem, therefore, can help to interpret the
biological health of that ecosystem.
Bangladesh is a small country of 147,570 square km (Khan 2008). It has a rich biological
heritage due to its geographical location between the two major biotic sub regions of the
Oriental Region: The Indo-Himalayas and Indo-China (Khan 2008). A total of 138
mammalian species, 566 birds, 167 reptiles and 49 amphibians are reported to occur in
Bangladesh (IUCN Bangladesh 2015). In addition, Bangladesh lies at the junction of the
Central Asian and East Asian-Australasian flyways (routes that shorebirds use during
their migration from the breeding to non-breeding grounds), offering key wintering and
staging grounds to numerous migratory waders many of which are of international
conservation concern (Chowdhury 2011).
*Author for correspondence: Email: bisharga1095@gmail.com
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The Saint Martin’s Island is a unique habitat in Bangladesh because it is the only place
where coral colonies are found. It has been recognized as an Ecologically Critical Area
(ECA) by the Government of Bangladesh in 1999 (DoE 2015) and an important stepping
stone along the migration route of many globally concerned migratory birds (BOBLME
2015). Rare bird like Pacific Reef Egret (Egretta sacra) and Rosy Starling (Pastor
roseus)is also found here (Chowdhury 2016, The Daily Star 2010) and an attractive
destination for bird watchers. Besides, all five species of marine turtle (including three
globally threatened species) known to occur in Bangladesh have been reported from this
area (Rashid and Islam 2005). St. Martin’s Island is not only significant for its
biodiversity value, but also important for Bangladesh in defining its exclusive economic
zone and delineating its sea boundary in accordance with the United Nations Convention
on the Law of the Sea (Thompson and Islam 2010). However, unregulated tourism, local
population explosion and their unsustainable extraction of natural resources have become
a great threat to the stability of this ecosystem (Thompson and Islam 2010).
Despite being an Ecologically Critical Area (ECA) and a key attraction place for its
uniqueness and unique bird fauna to the bird watchers and researchers, a method-based,
scientific checklist on the avifauna of the St. Martin’s Island is still lacking. A checklist
provides the background on the bird diversity of a place, the uniqueness of that place and
to determine the importance of that place based on the presence of endemic, ecologically
important or threatened bird species. Moreover, a checklist of any site also provides an
accurate reference list and inventory for conservation workers, students, educators,
ecologists and naturalists to facilitate documentation and recording of observations
(Bryan et al. 2006). Therefore, this study attempted to produce an annotated bird
checklist for the St. Martin’s Island.
Materials and Methods
The Saint Martin’s Island is the only coral-associated island of Bangladesh and located
between latitude 20.567° and 20.650°N, and longitude 92.327° and 92.327°E (Fig. 1).
The total area of this island is only 8 km² (3.1 sq. mile) but it possesses as a wide variety
of ecosystems providing habitats for a diverse bird species. The key habitats of this island
are shallow water marine habitats, including rocky and sandy inter-tidal habitats, offshore
lagoons, rocky sub-tidal habitats, coral aggregations, sea grass beds and soft coral
habitats. Several lagoons and wetlands associated with mangrove and floodplain areas
also occur on the island (Tomascik 1997).
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Field as well as literature surveys were conducted to collect data for this study. Seven
field trips were conducted in April, 2016 and between October, 2016 and March, 17.
However, due to frequent tropical storm and rough sea condition, study site could not be
visited from May to September, 2016. A transect (5.03 L × 0.1 W) line survey along the
mid-section of the island from north to south and a shoreline survey was conducted for
observing and recording the bird species (Fig. 1). The transect line surveys were
conducted in the early morning (starting from the sunrise) and afternoon (starting from

Fig. 1. Study site (St. Martin’s Island of Bangladesh). The yellow line showing the transect line
followed during the study from north to south of the island and the red line showing the
shoreline survey area of the island.
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two and a half hours before the sunset). Shoreline survey was started two hours before the
high tide and ended two hours after the high tide when they were distributed along the
high water line as well as on the adjacent rocks. Relative abundance of bird species was
measured into four categories: Very common (75 - 100% encounter of the bird species
during the total study period), common (50 - 75%), uncommon (25 - 50%) and rare (1 25%). Binocular (Ashika 10 × 42) and Telescope (Swarovski HD 20 - 60 × 65 mm) used
to watch the birds in the field. Grimmett et al. (1999) and Chowdhury (2011) were used
on the field to identify birds and photographs were taken whenever an identification
problem arose in the field and subsequently consulted with expert birders. Besides, a
thorough literature survey was conducted about previous bird records in the St. Martin’s
Island through available literature and reports (Islam 2001, Thompson and Islam 2010,
BOBLME 2015).
Results and Discussion
A total of 112 species of birds belonging to 36 families under 15 orders were recorded
from the St. Martin’s Island (Table 1). Of these species, 37 (33%) species were passerine
and 75 (67%) were non-passerine (Fig. 2); 11 (9.82%) species were very common; 12
(10.72%) were common; nine (8.04%) were uncommon and 80 (71.43%) were rare (Fig.
3). Four species, namely Bar-tailed godwit (Limosa lapponica), Black-tailed godwit
(Limosa limosa), Eurasian curlew (Numenius arquata) and Black-headed ibis
(Threskiornis melanocephalus) are near threatened and one species Black-bellied tern
(Sterna acuticauda) is endangered (IUCN Red List of Threatened Species 2017) whether
Black-bellied tern (Sterna acuticauda) is critically endangered and Black-headed ibis
(Threskiornis melanocephalus) is vulnerable (IUCN Bangladesh 2015).
Passerine species: The passerine group consisted of 37 species belonging to 16 families
of birds. Maximum six species was found under the family Motacillidae, and the families
like Passeridae, Pycnonotidae, Alaudidae, Campephagidae and Ploceidae included one
species each. However, more than 300 species of birds in Bangladesh are passerines
(IUCN Bangladesh 2015).
Non-passerine species: Of the 112 bird species of this checklist, 75 species were nonpasserine. The order Charadriiformes dominated (34 species) among the non-passerines.
The order Bucerotiformes, Caprimulgiformes, Suliformes and Pelecaniformes included
one species each. Of all families of the recorded bird species, Scolopacidae contains
large number of bird species (16 species). In Bangladesh, the orders Charadriiformes and
Accipitriformes have higher numbers of species among the non-passerine birds (IUCN
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Table 1. Avifaunal checklist of the St. Martin’s Island of Bangladesh.
Sl.
No.

Order

Family

English name

Scientific name

Global
(National)
IUCN status

1

Anseriformes

Anatidae

Northern shoveler*

Spatula clypeata

LC (LC)

2

Anseriformes

Anatidae

Eurasian wigeon*

Marecapenelope

LC (LC)

3

Anseriformes

Anatidae

Ruddy shelduck*

Tadornaferruginea

LC (LC)

4

Anseriformes

Anatidae

Common shelduck*

Tadornatadorna

LC (LC)

5

Anseriformes

Ardeidae

Indian pond heron

Ardeolagrayii

LC (LC)

6

Anseriformes

Ardeidae

Grey heron*

Ardeacinerea

LC (LC)

7

Anseriformes

Ardeidae

Little egret

Egrettagarzetta

LC (LC)

8

Anseriformes

Ardeidae

Intermediate egret

Ardea intermedia

LC (LC)

9

Anseriformes

Ardeidae

Cattle egret*

Bubulcus ibis

LC (LC)

10

Anseriformes

Ardeidae

Striated heron*

Butoridesstiatus

LC (LC)

11

Anseriformes

Ardeidae

Great egret*

Ardea alba

LC (LC)

12

Anseriformes

Ardeidae

Pacific reef egret*

Egretta sacra

LC

13

Anseriformes

Ardeidae

Black-crowned night
Heron*

Nycticoraxnycticorax

LC (LC)

14

Passeriformes

Passeridae

House sparrow

Passer domesticus

LC (LC)

15

Passeriformes

Corvidae

House crow

Corvussplendens

LC (LC)

16

Passeriformes

Corvidae

Large-billed crow

Corvusmacrorhynchos

LC (LC)

17

Passeriformes

Dicruridae

Black drongo

Dicrurusmacrocercus

LC (LC)

18

Passeriformes

Dicruridae

Ashy drongo*

Dicrurusleucophaeus

LC (LC)

19

Passeriformes

Sturnidae

Common myna

Acridotherestristis

LC (LC)

20

Passeriformes

Sturnidae

Asian pied starling

Gracupica contra

LC (LC)

21

Passeriformes

Sturnidae

Asian glossy starling*

Aplonispanayensis

LC (LC)

22

Passeriformes

Sturnidae

Rosy starling*

Pastor roseus

LC (LC)

23

Passeriformes

Pycnonotidae

Red-vented bulbul

Pycnonotuscafer

LC (LC)

24

Passeriformes

Alaudidae

Oriental skylark*

Alaudagulgula

LC (LC)

25

Passeriformes

Campephagidae

Black-winged
Cuckooshrike*

Lalage melaschistos

LC (LC)

26

Passeriformes

Lanidae

Brown shrike

Laniuscristatus

LC (LC)

27

Passeriformes

Lanidae

Grey-backed shrike*

Laniustephronotus

LC (LC)

28

Passeriformes

Lanidae

Long-tailed shrike

Laniusschach

LC (LC)

29

Passeriformes

Ploceidae

Baya weaver

Ploceusphilippinus

LC (LC)

30

Passeriformes

Motacillidae

White wagtail

Motacilla alba

LC (LC)

33

Passeriformes

Motacillidae

Western yellow
Wagtail*

Motacilla flava

LC (LC)
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34

Passeriformes

Motacillidae

Paddyfield pipit

Anthusrufulus

LC (LC)

35

Passeriformes

Motacillidae

Olive-backed pipit*

Anthushodgsoni

LC (LC)

36

Passeriformes

Muscicapidae

Oriental magpie robin

Copsychussaularis

LC (LC)

37

Passeriformes

Muscicapidae

Blue rock thrush

Monticola solitarius

LC (LC)

38

Passeriformes

Muscicapidae

Taiga flycatcher

Ficedulaalbicilla

LC (LC)

39

Passeriformes

Estrillidae

Scaly-breasted munia

Lonchurapunctulata

LC (LC)

40

Passeriformes

Estrillidae

Black-headed munia

Lonchuramalacca

LC (LC)

41

Passeriformes

Nectarinidae

Purple-rumped sunbird

Leptocomazeylonica

LC (LC)

42

Passeriformes

Nectarinidae

Purple sunbird

Cinnyrisasiaticus

LC (LC)

43

Passeriformes

Sylviidae

Common chiffchaff

Phylloscopuscollybita

LC (LC)

44

Passeriformes

Sylviidae

Common tailorbird

Orthotomussutorius

LC (LC)

45

Passeriformes

Sylviidae

Thick-billed warbler

Acrocephalusaedon

LC (LC)

46

Passeriformes

Hirundinidae

Barn swallow

Hirundorustica

LC (LC)

47

Passeriformes

Hirundinidae

Red-rumped swallow*

Hirundodaurica

LC (LC)

48

Passeriformes

Oriolidae

Black-naped oriole*

Orioluschinensis

LC (LC)

49

Passeriformes

Oriolidae

Black-hooded oriole*

Oriolusxanthornus

LC (LC)

50

Columbiformes

Columbidae

Eurasian golden oriole

Oriolusoriolus

LC (LC)

51

Columbiformes

Columbidae

Rock pigeon

Columba livia

LC (LC)

52

Columbiformes

Columbidae

Spotted dove

Streptopeliasuratensis

LC (LC)

53

Columbiformes

Columbidae

Eurasian collared dove

Streptopeliadecaocto

LC (LC)

54

Piciformes

Picidae

Eurasian wryneck

Jynxtorquilla

LC (LC)

55

Piciformes

Picidae

Lesser golden-backed
Woodpecker*

Dinopiumbenghalense

LC (LC)

56

Piciformes

Picidae

Fulvous breasted

Dendrocoposmacei

LC (LC)

57

Coraciformes

Alcedinidae

Common kingfisher

Alcedoatthis

LC (LC)

58

Coraciformes

Alcedinidae

White-throated
Kingfisher

Halcyon smyrnensis

LC (LC)

59

Coraciformes

Alcedinidae

Black-capped
Kingfisher*

Halcyon pileata

LC (LC)

60

Coraciformes

Alcedinidae

Collared kingfisher*

Todiramphuschloris

LC (LC)

61

Coraciformes

Meropidae

Green bee-eater*

Meropsorientalis

LC (LC)

62

Coraciformes

Meropidae

Chestnut-headed beeEater*

Merops leschenaultia

LC (LC)

63

Cuculiformes

Cuculidae

Plaintive cuckoo*

Cacomantismerulinus

LC (LC)

Woodpecker

64

Cuculiformes

Cuculidae

Asian koel

Eudynamysscolopaceus LC (LC)

65

Cuculiformes

Cuculidae

Greater coucal

Centropussinensis

LC (LC)

66

Strigiformes

Tytonidae

Spotted owlet*

Athene drama

LC (LC)

(Contd.)
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67

Strigiformes

Tytonidae

Common barn owl*

Tyto alba

LC (LC)

68

Bucerotiformes

Upupidae

Common hoopoe

Upupaepops

LC (LC)

69

Caprimulgiformes

Hemiprocnidae

Asian palm swift

Cypsiurusbalasiensis

LC (LC)

70

Gruiformes

Rallidae

Ruddy breasted crake

Zaporniafusca

LC (LC)

71

Gruiformes

Rallidae

Common moorehen*

Gallinulachloropus

LC (LC)

72

Charadriiformes

Scolopacidae

Common snipe

Gallinagogallinago

LC (LC)

73

Charadriiformes

Scolopacidae

Common sandpiper

Actitishypoleucos

LC (LC)

74

Charadriiformes

Scolopacidae

Eurasian curlew

Numeniusarquata

NT (NT)

75

Charadriiformes

Scolopacidae

Whimbrel

Numeniusphaeopus

LC (LC)

76

Charadriiformes

Scolopacidae

Ruddy turnstone

Arenariainterpres

LC (LC)

77

Charadriiformes

Scolopacidae

Ruff

Calidrispugnax

LC (LC)

78

Charadriiformes

Scolopacidae

Sanderling*

Calidris alba

LC (LC)

79

Charadriiformes

Scolopacidae

Pintail snipe*

Gallinagostenura

LC (LC)

80

Charadriiformes

Scolopacidae

Broad-billed sandpiper* Limicolafalcinellus

LC (LC)

81

Charadriiformes

Scolopacidae

Bar-tailed godwit*

Limosalapponica

NT (NT)

82

Charadriiformes

Scolopacidae

Black-tailed godwit*

Limosalimosa

NT (NT)

83

Charadriiformes

Scolopacidae

Spotted redshank*

Tringaerythropus

LC (LC)

84

Charadriiformes

Scolopacidae

Wood sandpiper*

Tringaglareola

LC (LC)

85

Charadriiformes

Scolopacidae

Common greenshank*

Tringanebularia

LC (LC)

86

Charadriiformes

Scolopacidae

Common redshank*

Tringa tetanus

LC (LC)

87

Charadriiformes

Scolopacidae

Terek sandpiper*

Xenuscinereus

LC (LC)

88

Charadriiformes

Charadriidae

Lesser sand plover

Charadriusmongolus

LC (LC)

89

Charadriiformes

Charadriidae

Greater Sand plover

Charadrius
leschenaultia

LC (LC)

90

Charadriiformes

Charadriidae

Pacific golden plover

Pluvialisfulva

LC (LC)

91

Charadriiformes

Charadriidae

Little ringed plover

Charadriusdubius

LC (LC)

92

Charadriiformes

Charadriidae

Grey-headed lapwing

Vanelluscinereus

LC (LC)

93

Charadriiformes

Charadriidae

Kentish plover

Charadrius
alexandrinus

LC (LC)

94

Charadriiformes

Charadriidae

Grey plover*

Pluvialissquatarola

LC (LC)

95

Charadriiformes

Charadriidae

Red-wattled lapwing*

Vanellus indicus

LC (LC)

96

Charadriiformes

Laridae

Little tern

Sterna albifrons

LC (LC)

97

Charadriiformes

Laridae

Black-headed gull

Larusridibundus

LC (LC)

98

Charadriiformes

Laridae

Brown-headed gull

Larusbrunnicephalus

LC (LC)

99

Charadriiformes

Laridae

Whiskered tern*

Chlidoniashybridus

LC (LC)

100

Charadriiformes

Laridae

Gull-billed tern*

Gelochelidonnilotica

LC (LC)

101

Charadriiformes

Laridae

Pallas’s gull*

Larusichthyaetus

LC (LC)

102

Charadriiformes

Laridae

Black-bellied tern*

Sterna acuticauda

EN (CR)

(Contd.)
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103

Charadriiformes

Laridae

Lesser crested tern*

Sterna bergii

LC (LC)

104

Charadriiformes

Laridae

Caspian tern*

Sterna caspia

LC (LC)

105

Charadriiformes

Glareolidae

Oriental pratincole*

Glareolamaldivarum

LC (LC)

106

Suliformes

Phalacrocoracidae Little cormorant

Microcarboniger

LC (LC)

107

Pelecaniformes

Threskiornithidae

Black-headed ibis

Threskiornis
melanocephalus

NT (VU)

108

Accipitriformes

Accipitridae

Shikra*

Accipiter badius

LC (LC)

109

Accipitriformes

Accipitridae

Brahminy kite*

Haliastur Indus

LC (LC)

110

Accipitriformes

Pandionidae

Osprey*

Pandion haliaetus

LC (LC)

111

Falconiformes

Falconidae

Peregrine falcon

Falco peregrines

LC (LC)

112

Falconiformes

Falconidae

Common kestrel*

Falco tinnunculus

LC (LC)

(LC = Least concern, NT = Near threatened, VU = Vulnerable, CR = Critically endangered and EN =
Endangered). * Historic records
Passerine and Non--Passerine bird sp.

Fig. 2. Two major groups of the recorded bird species; non-passerine birds dominated in this
landscape showing its ecological uniqueness.

Fig. 3. Status of bird species at the St. Martin’s Island; most bird species are rare and hence
emphasizing the need of protection of this ecosystem.
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Bangladesh 2015). Ahsan and Hannan (2002) recorded 141 bird species at the Karnaphuli
river delta and adjacent areas of Chittagong, Bangladesh. Comparing to Karnaphuli river
delta and adjacent areas of Chittagong, The St. Martin’s Island is a very small Island, but
112 bird species are recorded. A total of 28 wader species was recorded at the Sonadia
Island (49.16 km2), Cox’s Bazar, south east coast of Bangladesh (Chowdhury et al.
2011). In contrast, 24 species of waders were found in the St. Martin’s Island of
Bangladesh. However, the scale of congregation differs in a large scale. Sonadia Island
recorded a congregation of 12,710 individuals of shorebirds (Chowdhury et al. 2011)
compared to the St. Martin’s Island where a congregation of 820 individuals had been
recorded.
We hope that this checklist will act as a baseline source for further study on avifaunal
species and their conservation at this site in the face of growing human activities and
interventions. Also it will help in future monitoring the environmental health of this
island.
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Abstract
Dacope Upazilla under Khulna district is one of the most affected safe water scarcity
regions like any other part of southwest coastal region of Bangladesh. The demands for
drinking and cooking water in the area are mostly met from rainwater harvesting and
pond water. Pond water from different stations of Dacope Upazilla was analyzed for
assessing the water chemistry, source rock evaluation and its potability status. Thirty one
samples were collected by purposive sampling and analyzed following standard methods.
The analysis reveals that the cations and anions of the ground water showed the order of
abundance as Na+> Mg++>Ca++>K+ and Cl->SO4-->HCO3-, respectively. Source rock
deduction suggests that the water is mostly carbonate weathering of sea water or brine
intrusion. Piper diagram suggests that the water is in saline condition. Ionic ratios also
justify the aforesaid relations. The chemical constituent of water is (Na++K+) and (Cl+HCO3-) type influenced by sea water, however, ponds are in transition zone influenced
by tide. With reference to Bangladesh and WHO standards the research states that most
pond water do not satisfy the potable quality, therefore management options need to be
formulated for further exploitation.
Key words: Pond water, Chemistry, Coastal region, Potability

Introduction
The southwest coastal region of Bangladesh is characterized by a highly productive
mangrove ecosystem; intricate web of life, unique type of biodiversity and world’s
largest sediment load estimated to be annually about 1.5 to 2.4 billion tons per year.
The area is gently slopping towards the regional slope to the south from the north.
Morphological features as slope, elevation, drainage pattern, flooding condition in the
area by the fluvial and tidal rivers, vegetation, settlement density and subsurface
sediments encountered in the auger holes are jointly considered to classify the area into
various geomorphic units. Tidal flats originated from marsh or boggy environment, flood
basin, undifferentiated depression, point bars of the present and past fluvial cycle, sand
bar, ox-bow lake, abandoned channel have occupied most of the mapped area and are
*Author for correspondence: Email: sks@du.ac.bd
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forming the low lying coastal region (Rashid 1991, Umitsu 1993). On the other hand,
natural levee and flood plain deposits formed the elevated region mostly in the northern
and some of the middle parts of the area. Elevation of the area ranges from 0.5 to 5.79 m
above mean sea level. Highest elevation of the area is 5.79 m above mean sea level.
The southwest coastal region of Bangladesh suffers from an acute crisis of safe water.
About 170,000 people of Dacope Upazilla under Khulna district in Bangladesh are
suffering from lack of safe water (BBS 1996). The sources of drinking and cooking water
are mostly met from rain water harvesting and ponds. There is limited number of tube
wells and ponds. Most of the shallow tube wells are contaminated with saline water
intrusion. Though the people depend on pond water round the year, the certainty of safe
water is assured only during the 5 - 7 months of the monsoon. According to government
sources 46% of the people of Dacope Upazilla have access to safe water, although 2730% of the people have access to it (Saha et al. 2006).
The south west region of Bangladesh is vulnerable to frequent natural disasters and
calamities due to its geo-hydro-physical settings. The area is ecologically sensitive and
amongst the most productive ones in the country. Moreover, a massive destruction of the
physical nature of the area has been done by the unplanned mammoth scale shrimp
aquaculture and other associated activities which contaminated the safe water system
with salinity. Pond water chemical characterization can find out the status of the problem
that can carry proper solution of this problem.
Materials and Methods
Dacope Upazila is situated in Khulna district at the southwest coastal region of
Bangladesh having total area of 991.85 square km, out of which 799.01 sq.km comprises
forest area. The area located to the south of Khulna city between 22024 ׳N and 22040 ׳N
latitude and between 89024 ׳and 89035 ׳E longitudes.
Water samples from 31 ponds were collected from 9 Union and Chalna municipality area
following the standard sampling procedure. The nine Unions were decoded as Dacope
(D), Sutarkhali (S), Kamarkhola (K), Tildanga (T), Bajua (Bz), Kailashgonj (K), Laudobe
(L), Pankhali (P), Banishanta (B) and Chalna Municipality (Ch).
The physico-chemical properties of water sample of the study area were conducted in the
laboratory of the Department of Geology, University of Dhaka. The analysis of water
temperature, pH, salinity, electrical conductivity (EC) and total dissolved solid (TDS)
was done in the field by the field kit test equipments. The values of other parameters of
water sample such as sodium, potassium, calcium, silicate, sulfate, ortho phosphate were
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estimated by flame Photometer and Spectrophotometer, using standard methods (APHA
1992).
Results and Discussion
Status of surface water chemistry in Dacope Upazilla: The study deals with major
components such as Na+, K+, Ca2+, Mg2+, Cl-, HCO3-, SO42-, PO43- and NO3- of surface
water. As the shallow and deep aquifers in the area are contaminated with saline water
intrusion most of the people are habituated with consuming pond water. In some places
pond water is treated through pond sand filter (PSF) which hardly can separate floating
materials.
In the study area, most of the water pH ranged from 6.40 (Bz2) to 7.75 (D1) (Table 1),
which show a very gentle pH range that satisfies the pH value of Bangladesh and WHO
standard; pond water pH is suitable for domestic and irrigation purpose.
EC varied from 1.50 (P1) to 14.25 (Kl3) mS/cm in pond water. About 80% sample of the
pond water is within 5 mS/cm. It is also evident that TDS is not strongly correlated with
EC, where the correlation value is 0.015. EC is negatively correlated with Na+ (–0.173),
K+ (–0.118), Cl-(–0.147), Mg2+ (–0.119) and poorly correlated with salinity (0.044)
(Table 2).
TDS varied from 5510 ppm (P2) to 204 ppm (B1) in pond water, where Bangladesh and
WHO standard is 1000 ppm. Here 21.9% of the samples of pond water contained TDS
above the standard. This may be due to the presence of Ca++, Mg++ and HCO3- or SiO2
which may be due to intrusion of fertilizer/salt water from surrounding fishing ghers. In
general, water with a total solid content of less than 500 mg/l is most desirable for such
purposes. Water with higher solid contents often has a laxative and sometimes the reverse
effect upon people.
In Dacope Upazilla surface water salinity varied from 0.05 (K2, Ch3) to 4 ppt (Bz2).
Sample Bz2 shows salinity of 4000 ppm for its storage teqnique in earthen pot (Mutki).
The average concentration of sodium varies from 50 (D1) to 934 (S2) ppm in pond water
and most of the pond water within 200 ppm. The highest value of sodium found at a
pond of Sutarkhali union (S2) and lowest in ponds situated in Dacope Union (D1). The
influencing factors of sodium may be due to the natural agencies such as storms, high tide
and intrusion of seawater in coastal aquifer. In general sodium is a dominant cation in
most mineralized groundwater. In humid environments, sodium flushed from the soil and
unsaturated zones, whereas in more arid environments, the concentration of sodium in
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groundwater may be due to saltwater intrusion and humid environments (Sivasankaran
and Ramesh 2005).
Potassium varied from 3.5 (Bz1) to 70 (S2) ppm in pond water in the study area. Most of
them are within 10 and 30 ppm. Sixty four per cent of those samples contain potassium
concentration above the standard value (12 ppm). The highest value found in a pond in
Sutarkhali union (S2). Potassium exhibits positive correlation with SO42-(0.174), Mg++
(0.451), Na+ (0.325), PO3-4 (0.021) and Cl- (0.264). Potassium exhibits positive
correlation with Ca++, Mg++, HCO3- and Cl- (Table 2). Because of its lower geochemical
mobility in freshwater, potassium is seldom found in greater or almost equal
concentration of sodium (Na+). In spite of the greater resistance of K-feldspars and Ksilicates to the weathering, K+ ions are released by weathering. However, after prolonged
migration they tend to become fixed again through sorption on clay minerals and
formation of secondary minerals (Matthess 1982).
In Dacope Upazilla calcium varied from 22 ppm (Ch3) to 120 (L3) ppm in pond water.
Almost all the samples (86%) in the study area showed high concentration (>10 mg/l) of
calcium, that means those concentrations fall out of range of natural freshwater. This
high concentration may be due to primarily the presence of CO2 which causes CaCO3 to
dissolve. Magnesium varied from 4 ppm (S3) to 186 (S2) ppm. Bangladesh standard of
magnesium is 30 - 35 ppm, where 22% of the sample contains magnesium above the
standard. This may be due to high solubility of Mg; the metals tend to remain in solution
and are less readily precipitate than calcium.
The concentration of chloride in the area varied from 70 to 1250 ppm in pond water
where Bangladesh standard is 150 - 600 ppm. Twenty nine per cent samples of pond
water exceeded the potability standard and near about 16.13% samples of pond water
exceeded the tolerable concentration of chloride in the coastal region (1000 mg/l). The
higher value of chloride in pond water indicates the admixture of mineralized water or
pollution (Narayana and Suresh 1989).
Commonly the natural water contains bicarbonate less than 500 mg/l (Todd 1980).
Carbonate and bicarbonate represent alkalinity of water. The concentration of bicarbonate
at different location ranges from 25 to 600 ppm in pond water. It is evident that
bicarbonate has a correlation with K+ (0.67) and pH (0.49). Bicarbonate is the primary
anion in the water, which is mainly derived from carbon dioxide released by the organic
decomposition in the soil (Todd 1979). Most of the bicarbonate must have been derived
from the soil CO2 (Sivasankaran and Ramesh 2005).
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The concentration of phosphate ranged from 1.84 to 6 ppm in pond water in the area,
where Bangladesh standard is 6 ppm. It is found that most of the samples showed very
low concentration of phosphate compared to the standard.
Sulphate is one of the major anions occurring in natural waters. Considerable sulphate is
added to the hydrologic cycle from precipitation (Sivasankaran and Ramesh 2005). This
comes from dried sea spray as cyclic salt, continental dust, oxidation of H2S that enters
the atmosphere from coastal marshes and air pollution (Matthess 1982). In the study area
considerable sulphates may have been added due to the decomposition of organic matter
in soil. Natural water contains generally less than 300 ppm sulphate (Todd 1980).The
concentration of sulfates varied from 16 to 342 ppm in pond water. Sulfate has also
correlation with the K+ (0.174), Na+ (0.460), Ca2+ (0.187), Mg2+ (0.396), and Cl- (0.466).
Considerable sulfate is added to the hydrologic cycle from precipitation (Sivasankaran
and Ramesh 2005). In the study area sulfate concentration is within the standard value of
Bangladesh (400 ppm/l). The concentrations of nitrate-nitrogen ranged from 1.65 to 6.50
ppm in pond water in the study area.
Correlation matrices: According to Hounslow (1995) the relationship between two
variables is called correlation, and it measures the degree to which two variables vary
together (or vary inversely). It is measured by an index called correlation coefficient (r),
where the value of r vary from –1 to +1. Correlation between ions suggests the likely
source of surface water.
From the above correlation matrix it is found that, there is a strong correlation between
magnesium and chloride, sodium and chloride, where the correlation value is 0.751 and
0.817, respectively. In this study, chloride, sodium and magnesium have significant
correlation with salinity, the value is 0.300, 0.524 and 0.603, respectively. It is also found
that the ions have no significant effect on EC and TDS. Negative correlation is found
between those ions and parameters.
The result suggests that Na has strong positive correlation with Cl, that Na and Cl is coorigin in nature. Mg shows moderate correlation with SO4, so there is possibility of
seawater intrusion. K shows poor correlation with HCO3, so carbonate weathering is rare.
Source rock deduction according to parameter ratio: The ions commonly determined in a
water station includes Na+, K+, Ca2+, Mg2+, Cl-, SO42- and HCO3- (Table 3). Other
parameter includes TDS and hardness. It is essential for water quality analysis to
determine the source of major elements that are found in water and the ways by which
they may be removed from solution. The initial composition of groundwater originates
from rainfall which may be considered to be diluted seawater.
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During its return path of ocean, the water composition is altered by rock weathering,
evaporation (Gibbs 1970) and aeration. During rock weathering Ca2+, Mg2+, SO42-, HCO3are added to the water. The amount of each is dependent on the rock mineralogy.
Table 3. Source rock deduction summary of the water samples (Hounslow 1995).
Parameter

Attention value
(mmol/l)

Na   K   Cl 
Na  K   Cl   Ca 2

>0.2 and <0.8
<0.2 and >0.8

Na 
Na   Cl 

>0.5
=0
<0.5 TDS >500
<0.5 TDS <500
<0.5 TDS <50



Analysis
value
(mmol/l)
0.557

0.475

Ca 2 
Ca  SO 42 

=0.5
<0.5 pH<5.5
<0.5 neutral
>0.5

Cl 
sumanions

>0.8 TDS >500
>0.8 TDS<100
<0.8

HCO3
sumanions

>0.8
<0.8 sulphate high
<0.8 sulphate low

0.103

TDS

> 500
<500

> 500
<500

2

Na  K   Cl
Na  K   Cl  Ca2

0.397

0.676

Conclusion

Plagioclase weathering
possible
Plagioclase weathering
unlikely
Sodium sources other than
halite-albite ion exchange
Halite solution
Reverse softening, sea
water
Analysis error
Rainwater
Gypsum dissolution
Pyrite oxidation
Calcium removal- ion
exchange or calcite
precipitation
Calcium sources other
than gypsum-carbonates
or silicates.
Sea water or brine or
evaporates
Rainwater
Rock weathering
Silicate or carbonate
weathering
Gypsum dissolution
Seawater or brine.
Carbonate weathering or
brine or seawater
Silicate weathering

The ratio
shows if the result is > 0.2 and < 0.8, there plagioclase
weathering is possible. The samples show the possibility of plagioclase weathering.
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Ca 2 
2
The ratio Ca  SO4
2

shows if the result is < 0.5 then the source of calcium is removal of
ion exchange or calcite precipitation.
All stations from the study area show the source of calcium is removal of ion exchange or
calcite precipitation.
Na 
Na   Cl 

The ratio
shows if the result is <0.5 then the sodium source is other than halite
solution or reverse softening, sea water.
The stations from the study area show that the sodium source is other than halite solution
or reverse softening, sea water.
Cl 
From the ratio if Sumanions is <0.8 then the stations are from rock weathering. Here

shows the stations are from rock weathering.
HCO3
From the ratio Sumanions if the result is <0.8 and sulfate is low, then the source is

seawater or brine but if the sulfate is high, the source is gypsum dissolution. Most of the
stations from the study area are from seawater and a few from gypsum dissolution.
Sources of water according to piper (after Piper 1953): Piper diagram is a combination
of anions and cations triangle that lies on a common baseline. Per cent meq/l are plotted
on piper diagrams, approximate ratios may be calculated by measuring the placement of
the sample on the diagram. Four basic conclusions can be derived from the Piper
multiple analyses plotted on Piper diagram (Hounslow 1995). These are: (1) Water type,
(2) precipitation or solution, (3) mixing and (4) ion exchange.
Water that plots at the top of the diamond is high in (pond water) both Ca2+ + Mg2+ ; Cland Na+ +K+, which results in an area of salt water mixing as shown in figure 1. The pond
sand filtered water also has the same nature. Plotting the collected 31 samples from
different sources of Dacope Upazilla and from the nature of Piper diagram, it is clear that
the area is in abundance with Na, Cl and Mg. The presence of Na and Cl suggest the
salinity of the area and the presence and abundancy of Mg suggest the sea water intrusion
from surrounding shrimp culture ghers or other locations and its marine source.
Ionic hierarchy: A higher hierarchy of ions can be established based on the relative
importance of marine sea salt sources and continental sources.
Cl- = Na+ > Mg++ > K+ > Ca++ > SO4-- > NO3- = NH4+
mostly marine

mostly continental
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Fig. 1. Piper diagram of the study area.

Surface water containing significant amount of chloride also tend to have high amount of
Na ions indicating the possibility of contacts with water of marine origin. The major
cations of the average surface water in Dacope upazilla are in the order of Na+ > Mg++ >
Ca++ > K+ and major anions are in the order of Cl- >SO42- > HCO3- (Table 4). The samples
of pond water shows highest chloride concentration and higher concentration of
bicarbonate sulfate than bicarbonate. The analytical data reveal that sodium and chloride
are the dominant ions in the study area.
In general, sodium is the dominant cation in most surface water. It is also evident that if
Na>>K then K is more readily removed from solution by plants and clay mineral than
sodium. Both elements are equally common in most rocks originating as constituents
from the weathering of feldspars (albite and K feldspar) and micas. In addition sodium
commonly occurs from ion exchange (Hounslow 1995). Because of its lower
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geochemical mobility in freshwater, potassium is seldom found in greater or almost equal
concentration of sodium (Na+).
Table 4. Summary output of ANOVA analysis of the samples results.
Groups
HCO3 SO42PO4 3ClNO3Na+

Count
31
31
31
31
31
31

Sum (meq/l)
66.2613
110.7752
2.373
463.48
1.669
394.58

Average (meq/l)
2.137461
3.573394
0.076548
14.95097
0.053839
12.72839

31
31
31

14.607
72.753
118.599

0.471194
2.346871
3.825774

K+
Ca2+
Mg2+

Table 5. Drinking water standards (DoE 1997).
Water quality
parameter

Unit

Bangladesh
standard

Temperature
pH
EC
TDS
Sodium (Na+)
Potassium (K+)
Calcium (Ca2+)
Magnesium (Mg2+)
Chloride (Cl-)
Bicarbonate (HCO3-)
Phosphate (PO43-)
Sulfate (SO42-)
Nitrate (NO3-)

ºC
µs/cm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm
ppm

20 - 30
6.5 - 8.5
1000
200
12
75
30 - 35
150 - 600*
200
6
400
10

WHO standard
(1993)
7 - 8.5
1000
200
75 - 200*
50 - 150*
200 - 600
250
-

Study result from
Dacope Upazilla
27.6 - 35.3
6.40 - 7.75
1.50 - 14.25
204 - 5510
50 - 934
3.5 - 70
22 - 120
4 - 186
70 - 1250
25 - 600
1.84 - 6
16 - 342
1.65 - 6.50

* For coastal areas of Bangladesh, in case of non-availability of alternative sources value is 1000.

Potability status of pond water: Drinking water quality refers water supplies which is free
from any potential health hazard to the consumers. The different impurities in water
which cause undesirable effects may be classified into physical, chemical, bacteriological
and radiological parameters.
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The standards prescribed for potable water supplies by different authorities usually give
two types of norms e.g. permissible and tolerable range. Bangladesh has also set a
national standard for different physical, chemical and biological parameters level for
drinking water. WHO (1992, 1993) has set international standard for drinking.
To assess the suitability of potable surface water for drinking, WHO and Bangladesh
have standards for different parameters (Table 5).
According to the drinking water standards of WHO and Bangladesh, it is summarized
that the results from the laboratory analysis sometimes have been exceeded and
sometimes remained below the standard. In case of some parameters, the result is quite
satisfactory for the standards. But it can be easily said that the water used for drinking
purpose, is no more suitable for the local inhabitants.
The protected ponds in Dacope Upazilla, annually replenished by rainwater are the main
source of potable water in the area. However, various uses and unhygienic practices
pollute these ponds. In some areas, due to high salinity problem, around 36% of
households have been found to harvest rain water in the rainy season for drinking
purposes. But the quality of this water is deteriorated due to improper management of
preservation. Collection, storage and usage pattern of rainwater are not in an organized
manner and development through adoption of appropriate technologies.
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Abstract
A pot experiment was conducted using BRRI Hybrid Dhan-6 variety of rice at the
premises of the Department of Soil, Water and Environment, University of Dhaka,
Bangladesh to evaluate the capabilities of rice hull (RH: 0, 2, 4 t ha-1) and pistia (PT: 0,
400, 800 kg ha-1) for the improvement of growth performances of rice grown under field
moist (FM: 70% moisture) and 2 - 5 cm standing water (SW) conditions in saline soil.
Among the vegetative growth, the plant heights, number of productive tillers, fresh shoot
and shoot dry matter weights were found to be increased significantly (p ≤ 0.05) with the
increased rates of rice hull and pistia treatments, and the increments were more striking
by their combinations in most of the cases under both FM and SW conditions. The tallest
plant heights (112 cm in FM and 120 cm in SW) and the maximum number of productive
tillers (13 in FM and 16 in SW) were recorded at maturity stage of rice in the T8
(RH4PT8) treatment where rice hull and pistia were applied at the highest (RH: 4 t ha-1,
PT: 800 kg ha-1) dosages. Based on superiority in both the plant heights and number of
tillers, the amendments can be arranged in the sequence of T 8 > T7> T6> T5> T2> T3>T4>
T0 > T1. The analysis of variance on these data indicated that in the standing water
condition, fresh shoot and shoot dry matter weights of rice plants were found to be
increased significantly (p ≤ 0.05) by the application of the higher rates of the treatments
and their combinations. Thus, the application of indigenous organic amendments such as,
rice hull and pistia showed significant contribution for the growth performances of rice
under variable moistures but further researches are needed under variable soil and
climatic conditions to ensure food security under saline soil.
Key words: Moistures, Plant height, Pistia, Rice hull, Shoot yield, Tiller production

Introduction
Bangladesh has 710 km long coastline running parallel to the Bay of Bengal. The
economy of Bangladesh largely depends on agriculture and rice is the staple food of the
country. More than 30% of the cultivable land in Bangladesh is in the coastal area. Out of
2.86 million hectares of coastal and off-shore lands, about 1.056 million ha of arable
lands are affected by varying degrees of salinity (SRDI 2010). Farmers mostly cultivate
*Author for correspondence: E-mail: hossain.sadid90@gmail.com
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low yielding, traditional rice varieties during wet season. Most of the land remains fallow
in the dry season (January - May) because of soil salinity, lack of good quality irrigation
water and slow draining condition (SRDI 2010). Crop production of the salt affected
areas in the coastal regions differs considerably from non-saline areas. Because of
salinity, special environmental and hydrological situation exists, that restrict the normal
crop production throughout the year. In the recent past, with the changing degree of
salinity of some areas due to further intrusion of saline water, normal crop production
becomes very risky. Crop yields, cropping intensity, production levels and people’s
quality of livelihood are much lower than that of other parts of the country (SRDI 2010).
The problem of salt-affected soils has gained ever-increasing importance in science,
technology, ecology and society during the last few decades. It has been evidenced that
the coastal salinity is increasing in the coastal zone due to sea level rise, reduction of
fresh water flow in the southern rivers and also due to entrainment of sea water with
recurrent storm surges caused by the increasing frequency of tropical cyclones of higher
intensity (Quadir and Iqbal 2008). Salt affected coastal areas in Bangladesh mainly
include the problematic saline (>20%) and acid sulfate (>3%) soils, which occupied
>23% of the cultivable lands (Khan et al. 2016). They also added that these soils
displayed high agricultural potentials when they were to be reclaimed by appropriate
methods. Because of the highly saline (2% salts) sea or river waters and ground waters,
application of salt free water is quite impossible.
The agro-climatic conditions of the country are suitable for growing rice round the year.
However, the country’s average rice yield is much lower (2.97 t/ha, BBS 2017) than
those of China and Japan (6 - 6.5 t/ha, BRRI 2015). The BBS also reported that rice is the
staple food for about 160 million people of the country. The population growth rate is
2 million per year, and if the population increases at this rate, the total population will
reach 238 million by 2050 (BBS 2017). An increase in total rice production is required to
feed this ever-increasing population. Rice has been reported as salt susceptible in both
seedling and reproductive stages leading to a reduction of more than 50% in yield when
exposed to 6.65 dS m-1 ECe (Reddy et al. 2017). So rice production is drastically reduced
due to salinity and low fertility of coastal soils.
As an organic material, there is a significant quantity of rice hull at farmers’ level. It
improves water holding capacity of soil. It also increases organic matter content of the
soil and subsequently increase crop yield (Begum and Khan 2013). Prakash et al. (2002)
emphasized that rice hull improved soil silicon status and sustained better rice
production. Another organic amendment, Pistia stratiotes (water lettuce) is the world's
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most productive freshwater aquatic plant and considered an invasive species. On dry
matter basis, it contained 49.3% total C, 2.95% N, 0.57% P, 4% K, 103.6 ppm Zn, 19.03
ppm B in leaf and 46.4% total C, 2.45% N, 0.49% P, 1.2% K, 264.8 ppm Zn, 17.08 ppm
B in root (Kanwal et al. 2011). They also added that it contained 94% moisture. In saline
soils, water movement is one of the major problems due to the adverse effects of salinity
on soil physical properties which may be improved by the indigenous organic
amendments like rice hull and pistia. Hence, the salinity affected coastal areas could be
reclaimed by different management strategies, such as improved hydrology, application
of agricultural amendments, adaptation and screen out of different salt tolerant crops.
These multi-approached works will not only be helpful for understanding the real nature
of the problem but also assist proper reclamation, improvement of soil health resulting in
food security under variable climates and economic use of saline soils which could be a
new resource for the society/country. Against this background, this present research was
undertaken to evaluate the effects of rice hull and pistia on the vegetative growth of rice
and physico-chemical properties of saline soil under variable moisture levels.
Materials and Methods
A pot experiment was carried out using BRRI Hybrid Dhan-6 variety of rice in the
premises of Department of Soil, Water and Environment, University of Dhaka. The saline
soil used in the experiment was collected from Musulliabad, Kalapara, Patuakhali during
April to July, 2017. Indigenous organic amendments such as Rice Hull (RH) and Pistia
(PT) were used for the studied soil. Five kilograms of air dried, ground and 5 mm sieved
composite soil was filled in each earthen pots (size: 8 kg). The experiment was designed
following completely randomized design with the application of Rice Hull (having 3
doses 0, 2, 4 t/ha) and Pistia (having 3 doses 0, 400, 800 kg/ha) having 3 replications
under 2 sets of moisture levels (Field moist: FM and 2 - 5 cm standing water conditions:
SW). The treatments were T0 = (Control) RH0PT0, T1 = RH0PT4, T2 = RHoPT8, T3 =
RH2PT0, T4 = RH2PT4, T5 = RH2PT8, T6 = RH4PT0, T7 = RH4PT4, T8 = RH4PT8. Basal
doses of N, P and K were applied at the rate of 120, 60 and 80 kg/ha from urea, TSP and
MoP fertilizers, respectively. The whole TSP, MoP and half of the urea were applied
during soil preparation by thorough mixing of the fertilizers with soils. The remaining
urea was top dressed in two splits, one at active tillering and another at panicle initiation
stage.
Seedling was collected from Bangladesh Rice Research Institute. Thirty-day-old
seedlings of BRRI Hybrid Dhan-6 were transplanted at the rate of 3 plants per hill and 3
hills per pot. For the proper establishment of the rice seedlings, all pots were irrigated
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with tap water for two weeks after transplantation and then the moisture levels were
maintained by the irrigation from the same tap water. In the case of moist condition: 70%
water content seemed to be optimum for the survival of rice plant and did not allow
standing water. But in the case of saturated condition: more than 100% water, i.e. 2 - 5
cm standing water was maintained during irrigation and kept the field always wet
throughout the growing period. Intercultural operations were practiced throughout the
experiment when necessary. The physico-chemical characteristics of initial soil were
determined by following standard methods (Table 1). The bulk soil samples were airdried, crushed and passed through 2 mm seive before analysis. After treatment with 1 M
CH3COONH4 (pH 5.0) and with 30% H2O2 to remove free salts and organic matter
respectively, particle size distribution of the initial soil was determined by the
Hydrometer method (Piper 1966).
Table 1. Physico-chemical characteristics of initial saline soil (1 - 15 cm) on oven dry basis.
Properties
Textural class
(Hydrometer)

Values
Silty clay
loam

Properties

Values

Exchangeable cations
(C mol/kg)

Soil pH (soil: water = 1 : 2.5)

6.3

Na+ (Flame Photometer)

4.02

EC (soil : water = 1 : 5, dS/m)

4.17

K+ (Flame Photometer)

1.90

2+

Organic carbon (g/kg, wet oxidation)

14.3

Ca (AAS)

2.90

Total N (Micro Kjeldahl, g/kg)

1.4

Mg2+ (AAS)

2.50

C/N ratio

10.20

Water soluble ions
(C mol/kg):

Cation exchange capacity (C mol/kg)

21.23

Cl-

2.63

Available N (mg/kg, Micro Kjeldahl)

42

SO4-2

1.75

Available S (mg/kg, Spectrophotometer)

192

Carbonate

Nil

Available P (mg/kg, Spectrophotometer)

14

Bicarbonate

0.98

Available K (mg/kg, Flame photometer)

24.16

Sodium adsorption ratio

2.45

Base saturation percentage

53.32

Exchangeable sodium
percentage

20.92

*AAS = Atomic Absorption Spectrophotometer.

Soil pH was measured at the soil-water ratio of 1 : 2.5 (Jackson 1973). The electrical
conductivity was determined at a ratio soil : water = 1 : 5 (Richards 1954). Organic
matter content was determined (Nelson and Sommers 1982) by wet combustion with
K2Cr2O7. Available N (1.3 M KCl extraction, Jackson 1973), available P (0.5 M
NaHCO3, pH 8.5 extraction, Olsen et al. 1954), available K (Pratt 1965) and available S
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(BaCl2 turbidity, Sakai 1978) were determined. Cation exchange capacity was determined
by saturation with 1 M CH3COONH4 (pH 7.0), ethanol washing, NH4+ displacement with
acidified 10% NaCl, and subsequent analysis by steam (Kjeldhal method) distillation
(Chapman 1965). Water soluble SO4-2 and Cl- (Jackson 1973), HCO3- and CO3- (USSLS
1954) contents were determined. Exchangeable Na+, K+, Ca2+ and Mg2+ were extracted
with 1 M CH3COONH4 (pH 7.0) and determined by flame photometry (Na+, K+) and
atomic absorption spectrometry (Ca+, Mg+).
Plant samples were collected after harvesting the crop at maturity. The plants per pot
were cut at the 1 cm above ground level and the N contents were analyzed by the H2SO4
digestion through the micro-Kjeldhal method (Jackson 1973) and P contents by
spectrophotometry (Jackson 1973), K contents by Gallenkamp flame photometry (Black
1965). The analysis of variance (ANOVA) of the data and the test of significance of the
different treatments’ means were assessed by Tukey’s range test at 5% level.
Results and Discussion
The plant height is one of the most indicative parameters and the response of the
application of different organic amendments reflected quickly on this parameter.
Moreover, it indicates the influence of various nutrients on plant metabolism. Analyses of
the results demonstrate that the individual variables, such as, rice hull and pistia exerted
significant (p ≤ 0.05) effects on the growth of rice. Plant heights increased significantly
(p ≤ 0.05) with the increased rates of rice hull and pistia treatments and their
combinations under both field moist (FM) and standing water (SW) conditions. The
tallest plant heights (112 cm in FM and 120 cm in SW) were recorded at maturity stage
of rice in the T8 (RH4PT8) treatment where rice hull and pistia were applied at the highest
dosages (Fig. 1). The lowest plant heights (65 cm in FM and 70 cm in SW) were
observed at maturity stage of plants in the control treatment (T0 = RH0PT0). Though the
soil is different but almost similar results were reported by Kamara et al. (2015). They
used rice straw as organic amendment and reported that rice plants grown on soils treated
with rice straw were significantly (p ≤ 0.05) taller than those grown on soils without
treatment. Another study indicated that incorporation of rice straw into the soil combined
with application of cattle manure gave the maximum plant height (Parham et al. 2002).
The number of productive tillers at maturity stage of rice was influenced by the different
rates of rice hull and pistia and their combinations (Fig. 2). There was a positive
significant (p ≤ 0.05) increase in number of productive tillers with higher rates of organic
amendments and their combinations under FM and SW conditions. The maximum
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number of productive tillers (13 in FM and 16 in SW) was recorded at maturity stage in
the T8 (RH4PT8) treatment followed by the T7 (RH4PT4) treatment (Fig. 2). Based on
superiority, in case of tiller production, amendments could be arranged in the following
sequence of T8 > T7> T6> T4> T2> T3>T1> T0> T5. Tiller production was the lowest in the
T5 (RH2PT8) treatment which was unexpected. This might be due to the attack of insects

Fig. 1. Effects of rice hull and pistia on plant heights of rice (BRRI Hybrid Dhan-6) grown under
field moist (70% moisture) and 2 - 5cm standing water conditions.

Fig. 2. Effects of rice hull and pistia on the number of productive tillers of rice (BRRI Hybrid
Dhan-6) grown under field moist (70% moisture) and 2 - 5 cm standing water conditions.

on rice plants. Almost similar observation was found from another study conducted in
other coastal areas of Bangladesh (Kaniz and Khan 2013). They found that application of
rice hull increased growth and yield contributing characters of BRRI Dhan 47. Though
they have practiced for the higher rates and suggested to practice for the lower rates of
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treatments. So they concluded that the application of rice hull is effective in improving
the adverse effect of salinity and growth performance of rice plant.
The fresh shoot and shoot dry matter weights of rice plants were found to be influenced
by different rates of organic amendments (rice hull and pistia) and their combinations
under both the field moist and 2 - 5 cm standing water conditions (Figs 3 and 4). The
analysis of variance on these data indicated the fresh shoot and shoot dry matter weights
increased significantly (p ≤ 0.05) by the individual application of rice hull, pistia and
their combinations at the higher rates. In moist condition, the maximum fresh shoot (32.4
g) and shoot dry matter weights (18.4 g)

Fig. 3. Effects of rice hull and pistia on the fresh shoot weight (g) of rice (BRRI Hybrid Dhan-6)
grown under field moist (70% moisture) and 2 - 5 cm standing water conditions.

Fig. 4. Effects of rice hull and pistia on the shoot dry matter weight (g) of rice (BRRI Hybrid
Dhan-6) under field moist (70% moisture) and 2 - 5 cm standing water conditions.

were recorded at maturity stage in the T8 (RH4PT8) treatment which received the highest
rates of the combination of these treatments. The minimum fresh shoot (11.25 g) and
shoot dry matter weights (8.75 g) were measured at maturity stage in the control
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condition where no treatment was applied. In the standing water condition, fresh shoot
and shoot dry matter weights of rice plants were found to be increased significantly (p ≤
0.05) by the application of the higher rates of treatments and their combination. In case of
standing water condition, almost similar patterns of increase in fresh shoot and dry matter
weights were found with the increased rates of amendments.
There were remarkable variations in pH of post harvest soils with the changes in the
doses of organic amendments (rice hull and pistia) under both field moist and 2 - 5 cm
standing water conditions (Fig. 5). The highest value of soil pH (7.4) was recorded in the
treatment T6 (RH4PT0) in the field moist condition. In the standing water condition, the
maximum value (7.3) of soil pH was measured in the T2 (RH0PT8) treatment. Though
thesevalues did not comply with the best treatment regarding vegetative growth of rice,

Fig. 5. Effects of rice hull and pistia on the pH of the post harvest soils under field moist
(70% moisture) and 2 - 5 cm standing water conditions during cultivations.

which might be attributed to the soil pH values (7.3 - 7.4), which are not in the optimum
range of soil pH (5.5 - 6.5) for rice production. The lowest value of soil pH was obtained
from the control condition under both FM (pH 6.73) and SW (pH 6.87) conditions. The
pH of the soils were found to be increased bythe individual lower doses of these
treatments (T1 = RH0PT4, T2 = RHoPT8) and reached a peak value by the increased doses
of these treatments (T4 = RH2PT4, T6 = RH4PT0) and then declined by the highest dose of
treatment (T8 = RH4PT8). When the higher rates of organic amendments were applied,
decomposition of orgnaic amendments might help in releasing oranic acids, which are
responsible for decreasing soil pH. Moreover, pH of soils in SW was a little bit higher in
comparison to FM condition, which might be due to submergence as occurred by the 2 5 cm standing water condition. Another study conducted by Li et al. (2013) and they
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reported that initial soil pH 8.27 reached 7.36 due to 5% raw rice straw application which
is also aggreed with the present findings.
The EC values of the post harvest soils both in the field moist (FM) and 2 - 5 cm satnding
water (SW) conditions were found to be influenced by different rates of indigenous
organic amendments (rice hull and pistia, Fig. 6). The maximum EC values (3.60 dS/m in
FM and 3.43 dS/m in SW) were recorded for the T0 (control) treatment. It was observed
that the increased levels of treatments from T0 to T3, the soil EC values were decreased
and in the treatment T3 to T5, the EC values were almost stable. But the EC of soils

Fig. 6. Effects of rice hull and pistia on the EC values of the post harvest soils under field moist
(moisture 70%) and 2 - 5 cm standing water conditions during rice cultivations.

increased gradually from the T5 to T6 treatments and reached maximum with the higher
rates of amendments and their combinations. Another study conducted by Gonzalez
et al. (2010) and they achieved a substantially decreased EC of saline-sodic soils with the
addition of different organic amendments. The decrease in EC value was the result of
organic matter triggered leaching of excessive ions by improving the physical properties
of soil. The further increase in EC of soils might be due to presence of salts in organic
amendments. The present study is also in accordance with the finding of Gonzalez
et al. (2010).
Conclusion
The findings of the present study demonstrated that the application of rice hull and pistia
to the studied saline soil significantly (p ≤ 0.05) increased the vegetative growth of rice
variety BRRI Hybrid Dhan-6. Further, plant height, tiller production, fresh shoot and dry
shoot matter weights were found to have better responses in the 2 - 5 cm standing water
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condition than that of the field moist condition. The soil pHs in standing water
condition were a little bit higher in comparison to FM condition, which might be due to
the impacts of submergence as happened due to the application of standing water. The
findings also suggest further research is needed to carry out for the elevated dose of rice
hull and pistia to reduce the adverse effect of salinity in a cost-effective way. On the
other hand, moisture variation plays a potential role for the production of rice that
suggested for proper irrigation is necessary aimed at the higher production and
reclamation of saline soil.
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Abstract

The study was carried out to determine length-weight relationship and sex ratio of a
freshwater fish Amblypharyngodon mola (Hamilton 1822) collected from Dekar haor of
Sunamganj district during the period of January to August 2017. A total of 2000 fishes
were collected for the study and categorized these fishes into three groups namely males,
females and combined sexes. Among 2000 mola 777 were male and 1223 were female.
Length-weight equations and the correlation coefficients obtained for males, females and
combined ones were: males Y = –1.97 + 3.00X, r = 0.883; females Y = –2.30 + 3.41X,
r = 0.914 and combined Y = –2.11 + 3.16X, r = 0.904. Female’s A. mola attained more
weight with the increases in length. Value of correlation coefficient ‘r’ was 0.883 for
male and exhibited highly positive correlation between length and weight. On the
contrary, ‘r’ value for female was 0.914 and it had also strongly positive correlation
between length and weight relationships. Length-weight relationship of A. mola for male,
female and combined sexes showed allometric pattern of growth. Condition factor ‘K’ for
male, female and combined sexes was 1.09, 1.05 and 1.06, respectively and indicated
better condition of fishes. The highest sex ratio (1 : 2.05) was found in May and the
lowest (1 : 1.33) was in February. Dominance of females over males throughout the year
was observed with an average ratio of male and female 1 : 1.57. Therefore, results of the
study indicate that the existing hydrobiological conditions of the haor are conducive for
food availability, free movement, feeding and better growth of the fish.
Key words: Correlation coefficient, Condition factor, Sex ratio, Haor

Introduction
Amblypharyngodon mola (Hamilton 1822) is one of the most abundant and nutritious fish
species found all the year round in Dekar haor (depressed low land with seasonal and
perennial waterbodies connected with canals and rivers). It is commonly known as
‘Indian carplet’ or ‘pale carplet’ and widely distributed in freshwater habitats like ponds,
streams, rivers, flood plain wetlands, canal and paddy fields. Though A. mola is a small
indigenous species (SIS), it has tremendous importance due to its high content of
vitamin-A. The studies on its nutritive value revealed that A. mola contains >2680 retinol
*Author for correspondence: E-mail: islamms2011@yahoo.com
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activity equivalents per 100 g of raw and edible portions (Roos 2001). It is also rich in
Fe, Zn and Ca (Roos et al. 2007). This fish is relished by the common man of the region
in fresh, smoked, dried as well as pickle form. In different parts of Bangladesh, it is
locally known as mourala, mola, mowa or mowka. This fish is distributed in India,
Bangladesh, Pakistan and Myanmar (Talwar and Jhingran 1991). Earlier the fish was
considered as weed fish but in advent of time the fish is now highly demandable,
economically valuable and costly fish in the market. Considering nutritious value, taste,
income source, availability, family chosen fish and to alleviate poverty recently emphasis
is given to culture small indigenous fish in Bangladesh, out of which mola is one of them
(ARG 1986). Recently, it has also got its entry in ornamental fish trade and has been
reported to be available in ornamental fish markets with moderate demand and
availability. Mola (A. mola) is a self-recruiting species and its culture is being encouraged
among the farmers in national economy of Bangladesh to overcome the nutritional
deficiency (Gupta and Banerjee 2012).
Morphometric relationships between length and weight can be used to assess the wellbeing of individuals and to determine possible differences between separate unit stocks of
the same species (King 2007). In addition, length-length relationships are also important
in fisheries management for comparative growth studies (Moutopoulos and Stergiou
2002).
Condition factor is one of the standard practices in fisheries, which is used as an indicator
of the variability to attribute growth coefficient. It expresses the condition of a fish such
as degree of well-being, relative robustness, plumpness or fatness in numerical terms.
The condition of a fish reflects recent physical and biological circumstances and
fluctuates by interactions among feeding condition, parasitic infections and physical
factors (Le Cren 1951). It is strongly influenced by both biotic and abiotic environmental
conditions and can be used as an index to assess the status of the aquatic ecosystem in
which fish lives. Condition factor also gives information, when comparing two
populations living in certain feeding, density, climate and other conditions, the period of
gonadal maturation and when following up the degree of feeding activity of a species to
verify as to whether it is making good use of its feeding source (Anene 2005).
According to Pantulu (1961), sex ratio is an indicator of population behavior and
fecundity. An understanding of the sex ratio of a fish in different months and seasons is
essential for obtaining information on different segregation of the sexes and also their
differential growth. To the best of the knowledge, information on length-weight
relationship and sex ratio of A. mola in haor environment are not available in
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Bangladesh. Considering these, the study was undertaken with the aim to determine
length-weight relationship and sex ratio of male, female and combined of A. mola from
Dekar haor of Sunamganj district, Bangladesh.
Materials and Methods
The study was conducted in Dekar haor of Dakshin Sunamganj, which lies between
latitude 24°46´N and 24°57´N and longitude 91°20´E and 91°31´E. Sample collection
was done during eight months from January to August 2017. Samples were collected
twice in a month at 15-day intervals.
A total of 2000 samples were collected randomly. After collection, the samples were
transported to the laboratory in a large polyethylene bag with 5% formalin. Then washed
and transferred to a filter paper to remove excess water from the body surfaces of fishes.
Standard length of fish was measured from tip of the snout to base of the caudal end
using measuring scale (cm) and weight up to 0.1 g using digital weighing balance,
respectively. Statistical relationship between length and weight was established by the
parabolic equation given by Froese (2006), W = aLb, where, W = Weight of fish (g), L =
Length of fish (cm), a = Constant and b = A regression coefficient expressing relationship
between length and weight. The relationship (W = aLb) was converted into logarithmic
form of equation giving a straight line relationship graphically, Log W = Log a + b Log
L. The equation is same to Y = a + bX, where, Log W = dependent variable (Y), Log L =
independent variable (X), b = regression coefficient or slope, a = intercept.
Condition factor ‘K’ was calculated by Fulton’s (1904) equation, K = W ×100/L3, where,
K = Condition factor, W = Observed body weight (g), L = Observed length of fish (cm).
Sex determination was done by secondary (external) sexual characteristics of fishes.
Normally female fish is larger than male and male is brighter than female. In matured
female, abdomen is soft and swollen, pelvic fins are smooth and caudal fin is deeply
forked in spawning season and their distended abdomen is easily visible. For
determination of sex ratio, a total of 2000 fishes were used and ratio was analyzed by χ2
test.
2
∑(O – E)
2 =
E
where, O = Observed value and E = Expected value.
Data were analyzed using Microsoft Office Excel and SPSS software (Version 20) with
p < 0.05 considered significantly different.
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Results and Discussion
Higher degree of correlation between length and weight was indicated by correlation
coefficient ‘r’. The observed length and weight relationship of male, female and
combined are presented in scatter diagrams (Figs 1 - 3). Values of regression coefficient
computed were 3.00, 3.41 and 3.16, respectively for male, female and combined sexes.
Table 1. Length-weight relationship and condition factor of male, female and combined
Amblypharyngodon mola.
Sex

No. of
sample

Value
of 'b'

Logarithmic
equation

Correlation
coefficient 'r'

Condition
factor 'k'

Male

777

3.00

Y = –1.97 + 3.00X

0.883

1.090

Female

1223

3.41

Y = –2.30 + 3.41X

0.914

1.052

Combined

2000

3.16

Y = –2.11 + 3.16X

0.904

1.066

Fig. 1. Length-weight relationship of male A. mola.

Correlation coefficient ‘r’: Values of correlation coefficient ‘r’ for both male and female
were 0.883 and 0.914, respectively and showed strongly positive and significant
relationships between length and weight (Table 1 and Figs 1 - 2). Combined population
also exhibited strongly positive correlation and showed ‘r’ value as 0.904, which is
closed to 1 (Table 1 and Fig. 3). Findings of the study reveal that the growth performance
of both male and female A. mola are higher owing to correlation coefficient ‘r’ exhibits
high degree of positive allometric correlation between the length and weight relationship
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of A. mola (Table 1). Positive allometric growth might be due to higher proficiency in
feeding and better environmental condition for survival of the species (Soni and Kathal
1953, Saikia et al. 2011). Gohain and Goswami (2013) and Deka and Bura (2015) also
reported the effect of availability of food and other associated factors to be responsible
for positive allometric growth.

Fig. 2. Length-weight relationship of female A. mola.

Fig. 3. Length-weight relationship of combined A. mola.

Regression coefficient value ‘b’: Regression coefficient ‘b’ is an indicator of
isometric/allometric pattern of fish growth. In the present study, value of ‘b’ was 3.00 for
male, which indicated isometric pattern of growth in ideal condition and 3.41 for female,
which indicated positive allometric pattern of growth (Table 1 and Figs 1 - 2). ‘b’ value
of combined sexes was 3.16, which also indicated positive allometric growth (Table 1
and Fig. 3).

190

Das et al.

In all cases the values of ‘b’ are not found in normal ranges between 2.5 and 4.0.
Findings of the study also indicate that ‘b’ value follows the ‘Cube law’ strictly for male
as it remains constant at 3.0 for an ideal fish and deviates from female in a particular
environmental condition. Several biological factors like sex, size of fish, physiological
condition and gonadal maturity, feeding and fatness have significant influence over
length-weight relationship of fishes (Le Cren 1951, Devaraj 1973, Reddy and Rao 1992).
Regression value of female and male of the present study is more or less similar to the
findings of Mitra et al. (2005), Kumar et al. (2006), Prasad and Ali (2007) and Baishya et
al. (2010) who worked on Puntius sophore, Labeo bata, Rasbora daniconius and
Amblypharyngodon mola, respectively in India and Bangladesh. Higher regression value
of female fish may be attributed to the general condition of appetite, gonadal contents of
fish and also environmental conditions.
Condition factor ‘K’: Values of condition factor ‘K’ for male, female and combined
sexes were 1.090, 1.052 and 1.066, respectively and it was higher than the value of 1,
which indicate good condition of the fishes (Table 1 and Figs 1 - 3). It was observed that
males indicated slightly better condition than females, which might be associated with
food proficiency, physiological or other better environmental factors of the waterbody.
Fish with higher value of ‘K’ are heavy for its length, while with low ‘K’ are lighter
(Bagenal and Tesch 1978). ‘K’ value greater than 1 indicates better condition of fish (Le
Cren 1951). These findings are in agreement with the findings of the present study.
Sex ratio: Data on sex ratio of A. mola revealed that number of females was more than
that of males. Per cent of individual month and total percentage of male and female
showed females were dominated in natural population throughout the year (Table 2). Out
of 2000 fishes, 777 were males and 1223 females. Monthly sex ratio between males and
females ranged from 1 : 1.33 to 1 : 2.05 and average was 1 : 1.57 (χ2 = 68.34, p < 0.05, N
= 2000). The highest sex ratio was obtained 1 : 2.05 in May, which are not coincided
with the result of Gogoi and Goswami (2014) who reported the highest sex ratio of male
and female as 1 : 3.61 in July. These may be occurred due to location, food availability
and environmental factors.
Dominance of females over the males in freshwater fish A. mola was also reported by
Azadi and Mamun (2004) as well as Afroze et al. (1991-92). Dominance of females was
also seen in other species of fishes like E. vacha. Different populations inhabit in
different regions and show different sex ratios. Higher sex ratio was found during first
breeding season and lower sex ratio in second breeding when water parameters are at
their peak as reported by Singh (1994). A rising temperature and moderate water
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velocity, vulnerability of females to their predators and other natural hazards, migratory
phase in brood population are some of the reasons for changes in sex ratio in fishes
(Gogoi and Goswami 2014).
Table 2. Monthly distribution of sex ratio and Chi-square (χ2) value of Amblypharyngodon mola.
Male

Month

Female

Combine

Ratio of male
& female

Chi
value

p
value

Count

%

Count

%

Count

%

January

102

42.7

137

57.3

239

100.0

1.00:1.34

50.25

<0.05

February

112

42.9

149

57.1

261

100.0

1.00:1.33

18.665

<0.05

March

106

40.2

158

59.8

264

100.0

1.00:1.49

63.24

<0.05

April

90

38.1

146

61.9

236

100.0

1.00:1.62

52.95

<0.05

May

81

32.8

166

67.2

247

100.0

1.00:2.05

102.23

<0.05

June

95

37.5

158

62.5

253

100.0

1.00:1.66

74.14

<0.05

July

99

40.6

145

59.4

244

100.0

1.00:1.46

44.25

<0.05

August

92

35.9

164

64.1

256

100.0

1.00:1.78

72.25

<0.05

Total

777

38.8

1223

61.2

2000

100.0

1.00:1.57

68.34

<0.05

Findings of the study imply that females of A. mola are more healthy and haviour with
increases in length than males. Length-weight relationship of A. mola in male, female and
combined sexes shows positive allometric pattern of growth of the fishes. So it can be
concluded that existing hydrobiological conditions of the haor is conducive for feeding,
free movement and better growth of the fishes. Results of the study also indicate that
most of the fishes are females during breeding season, whereas numbers of males are
close to female fishes during nonbreeding seasons but not above.
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Abstract
The study examines the long-term and seasonal climatic variations in north-western part
of Bangladesh (NWPB). Long-term variation of different climatic parameters reveals that
significant increases in temperature are associated with decreasing evaporation which
could be attributed to wind speed variation and seasonal variation of temperature.
Increase of monsoon rainfall during monsoon period and scarcity or absence of rainfall
during dry periods increase the region’s vulnerability to monsoon flood and seasonal
drought, respectively. The area witnesses a single peak of rainfall in July during the first
half of the study period (1964-1985), whereas the same experiences bimodal peak of
rainfall during July and September in the second half of the study period (1986-2007).
This may signify the changes of climatic condition in the studied area. Annual variability
of rainfall as well as the unpredictable shifting of rainfall periods might be a possible
reason for the seasonal drought. The aridity index indicates that the overall dryness of the
area has increased during winter season. The study shows that humidity increases at all
stations throughout the year. The study also shows that long-term seasonal variation of
both surface and groundwater level is also prominent. Gradual decrease of surface water
level was observed in Teesta River which might be due to unilateral withdrawal of
surface water in the upper riparian. Detailed investigation on hydrometeorology of the
study area is required to see whether there is any trend of climate change in the area.

Key words: Aridity index, Climate change, Hydrometeorology, Seasonal drought, Monsoon flood

Introduction
Geographically Bangladesh extends from 20º34´ N to 26º38´ N and 88º10´ E to 92º41´ E
latitude and longitude, respectively. Climatically the country belongs to sub-tropical
region where monsoon weather prevails throughout the year. Three distinct seasons can
be recognized in Bangladesh from climatic point of view: (i) The dry winter season from
November to February, (ii) the pre-monsoon hot summer season from March to May, and
(iii) the rainy monsoon season which lasts from June to October (Rashid 1991).
*Author for correspondence: Email: msaiful@du.ac.bd
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Bangladesh is one of the most disaster-prone countries in the world. High spatial and
temporal climatic variability, extreme weather events, high population density, high
incidence of poverty and social inequity, poor institutional capacity, inadequate financial
resources, and poor infrastructure have made Bangladesh highly vulnerable to disaster
(Ahmed and Kim 2003).
The average temperature of Bangladesh ranges from 17 to 20.6ºC during winter and 26.9
to 31.1ºC during summer. The average annual rainfall of the country varies from 1,329
mm in the northwest to 4,338 mm in the northeast (Shahid et al. 2005). The gradient of
rainfall from west to east is approximately 9 mm/km. The western part of Bangladesh
experiences an average areal rainfall of approximately 2,044 mm, which is much lower
than that of other parts of the country. The rainfall is also very much seasonal, almost
77% of rainfall occurs during monsoon. Like high annual variability of rainfall,
temperature also fluctuates intensely in the country. In summer, the hottest days
experience temperatures of about 45ºC or even more in the region. Again in the winter
the temperature even falls at 5ºC in some places. Hence, the region experiences the two
extremities that clearly contrast with the climatic condition of rest of the country
(Banglapedia 2003).
Drought is a prolonged, continuous period of dry weather along with abnormal
insufficient rainfall. It occurs when evaporation and transpiration exceed the amount of
precipitation for a reasonable period. Drought causes the earth to dry up and a
considerable hydrologic imbalance resulting water shortages, wells to dry, depletion of
groundwater and soil moisture, stream flow reduction, crops to wither leading to crop
failure and scarcity in fodder for livestock. In the context of global warming, most of the
climatic models project a decrease in precipitation in dry season and an increase during
monsoon in south Asia (Christensen et al. 2007).
The study area is located in the north-western part of Bangladesh and extends from 23º
80' to 26º 38' N latitude and from 88º01' to 89º 70' E longitude (Fig. 1). The climate of
the study area i.e., the NWPB is dominated by tropical monsoons. It is characterized by
high temperature, moderate rainfall with often excessive humidity and fairly marked
seasonal variations. The most striking feature of this climate is the reversal of the wind
circulation between winter and rainy season, which is an integral part of the circulation
system of the Indian subcontinent (Rashid 1991). Drought has become a recurrent natural
phenomenon of NWPB in recent decades.
Prime objectives of the study were to determine the long term and seasonal changing
patterns of various hydrometeorological parameters with time. The partial influences of
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changing climatic condition and human intervention for the recurrent drought and flood
in the study area were also emphasized.

Fig 1. Relative location of the stations and the rainfall distribution map in the study area (Modified
after Shamsuzzoha et al. 2011).

Materials and Methods
Time series data of available hydrometeorological parameters were collected and simple
mean (M) was used for this work. Data of mean wind speed, humidity, temperature,
rainfall were divided into two halves (1964 - 1985 and 1986 - 2007) in all stations to
determine and compare the long term seasonal variation. The periods ranging from the
years 1964 to 1985 and 1986 to 2007 hereinafter are referred to as first half and second
half, respectively. Data of temperature and rainfall during winter, monsoon and summer
were prepared to determine the long-term seasonal variation with time. Data for
evaporation, surface water level (SWL) and groundwater level (GWL) were analyzed at
selected time intervals (1968 - 1972, 2003 - 2007), (1995 - 2004) and (1995 - 2004),
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respectively. Aridity index (AI) curves were prepared to determine the variation of
dryness at two selected intervals. Hydrographs from selected rivers were prepared to
determine the long-term variation of SWL. Mean maximum and minimum SWL and
GWL were measured at two intervals (1995 - 1999, 2000 - 2004) to understand the
change of water level at different locations with time. GWL data were collected from
nine observation wells and hydrographs were prepared to determine the GWL fluctuation
at different locations. At last all of these parameters were correlated to understand the
long term change in climatic condition of the study area. All hydrometeorological data
were procured from Bangladesh Meteorological Department (BMD) and Bangladesh
Water Development Board (BWDB).
Results and Discussion
Temperatures: Significant differences in seasonal temperature occur across the NWPB
which is influenced by latitude and monsoon activities (Brammer 1996). Mean minimum
temperature increases throughout the year at all stations. On the other hand, summer and
winter mean maximum temperature decreases except at Ishurdi and Bogra. The highest
increase of both mean maximum and minimum temperatures were found during
monsoon. Both mean maximum and minimum temperatures at all stations during
monsoon period were found higher than the previous years.
Most significant increase was observed at Bogra which rose from 34.67 to 35.52ºC.
Highest temperature was found about 35.67ºC at Rajshahi during the period of 1986 2007. The lowest monsoon temperature was found at Rangpur which was about 22.17ºC
during the second half. The fluctuation between the summer mean maximum and
minimum temperature decreased during the year range of 1986 - 2007 compared to that
during the period 1964 - 1985. The mean maximum temperature at all the stations
decreased during summer except that at Ishurdi. The highest summer temperature
increased up to 40.2ºC at Ishurdi and the lowest summer temperature was found at
Rangpur which was 16.44ºC during the second interval. No significant fluctuation of
mean winter temperature was observed at all stations. Highest winter temperature was
found at Bogra which was about 30.49ºC and the lowest was found about 9.36ºC at
Ishurdi (Table 1).
Wind: Wind in NWPB generally shows nearly the opposite direction of movement due to
the differential heating and cooling of landmass and oceans during summer and winter.
During the monsoon, a center of low pressure and monsoon trough develops over the
west-central part of India because of intense surface heat. To replenish the low air
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pressure zone air containing high water vapor moves from the southern sea i.e. the Bay of
Bengal which takes its route along the studied area. On the other hand, the high
Himalayan mountain acts as an effective barrier for the airflow during winter period. Air
subsiding beneath westerly jet stream (southern) causes subtropical high pressure and
gives dry out-blowing over the studied area towards south which is mostly devoid of
water vapor (Trewartha 1968). Pre-monsoon summer and autumn are the transition
season which is characterized by lighter wind speed and more complicated flow patterns
(Islam 2003).
Table 1. Mean maximum (Max) and minimum (Min) temperature at selected stations during monsoon, summer
and winter period in the studied area.

Location

Monsoon temperature ( ºC)

Summer temperature (ºC)

Winter temperature (ºC)

1964-1985

1986-2007

1964-1985

1986-2007

1964-1985

1986-2007

Max

Max

Max

Max

Max

Min

Min

Max

Min

Bogra

34.67

22.27 35.52 22.77 38.26

Min

16.96

37.14

17.67 30.23 10.15 30.49

Min

Min
10.9

Dinajpur

35.04

22.28 35.26 22.78 37.95

16.95

36.97

17.67 29.26 10.09 29.18

10.93

Ishurdi

35.16

21.75 35.37 22.52 37.3

19.4

40.2

21.2

30.16 8.52

30.19

9.36

Rajshahi

35.45

22.19 35.67 22.53 39.71

16.82

39.5

16.72 30.22 9.95

30.12

9.37

Rangpur

34.9

22.02 35.01 22.17 36.57

15.7

35.76

16.44 28.72 9.75

28.79

10.15

Source: BMD.

Mean wind speed at Ishurdi, Dinajpur and Rajshahi decreased but it was increasing at
Bogra and Rangpur during second half (1986 - 2007). During the first period (1964 1985), mean maximum wind speed was observed at Ishurdi which ranged from 5.37 to
7.48 knots. However, during the second period (1986 - 2007) the wind speed at Ishurdi
was significantly lower than the past. The highest wind speed of about 4.76 knots was
observed in April during the second half of the study period at Rangpur (Fig. 2).
Rainfall: Amount of precipitation in north-western Bangladesh shows spatial and
seasonal variation. In the studied area the highest mean annual rainfall was recorded
about 2338 mm at Rangpur. On the other hand, Dinajpur, Bogra, Ishurdi and Rajshahi
experienced 2083, 1844, 1688 and 1465 mm of rainfall, respectively. From this
observation it can be assumed that the amount of rainfall is gradually decreasing from the
N-E to the S-W part of the studied area which is more or less controlled by the
geographical location of the area based on the proximity of the Himalayan.
The variations of mean annual rainfall at successive years are prominent in the studied
area. The amount of precipitation in different years varied between 1758 and 2877, 1427
and 2969, 1431 and 2243 mm, 1184 and 2097 and 1161 and 1806 mm at Rangpur,
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Dinajpur, Bogra, Ishurdi and Rajshahi, respectively without following any definite
increasing or decreasing trend during the period from 1965 to 2007. The upward and
downward shifting of the amount of rainfall is given in Table 2 (Shamsuzzoha et al.
2011).

Fig. 2. Changes of mean monthly wind speed in the studied area - 2A: Ishurdi; 2B: Bogra;
2C: Dinajpur; 2D: Rangpur and 2E: Rajshahi.

At all the stations the maximum peak distribution of rainfall were observed at July both
in 1964 - 1985 and in 1986 - 2007. Long-term seasonal changes in rainfall show that
rainfall increased in most of the stations during the period between 1986 and 2007
compared to the first time interval especially during monsoon. Exception was observed at
Ishurdi, which shows the opposite result during the months between April and August
(Fig. 3). One important observation was that during the first half the pattern of rainfall
exhibits unimodal peak which was found in July at all the stations but during the second
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half pattern of rainfall shows bimodal peak distribution. During the second interval, the
first peak was found in July and another one in September with comparatively lower
values. In Ishurdi the two rainfall peaks were almost equal. These evidences of the
changing trend of rainfall pattern might be considered as a precursor for the shifting of
rainfall peak seasons.
Table 2. Variation (Var.) of mean annual rainfall (mm) and their percentage.
Year

Bogra (1847)

Dinajpur (2089) Rajshahi (1461)

Rangpur (2333)

Ishwardi (1681)

Var.

%

Var.

%

Var.

%

Var.

%

Var.

%

1970

↓087

4.67

↓668

31.90

↓085

5.76

↓336

14.37

↑130

7.68

1975

↓42

22.49

↓040

1.89

↓305

21.00

↓568

24.27

↓177

10.48

1980

↓22

11.8

↓128

6.17

↑116

7.88

↓211

9.12

↓227

13.39

1985

↓14

7.6

↑006

0.25

↓210

14.49

↑540

23.11

↑097

5.82

1990

↑236

12.71

↓010

0.44

↑342

23.51

↑155

6.65

↑411

24.39

1995

↑403

21.75

↑522

24.90

↓028

1.97

↑477

20.49

↓498

29.69

2000

↓019

0.94

↓566

27.07

↑231

15.69

↓579

24.76

↑128

7.57

2005

↑245

13.24

↑887

42.42

↓057

3.84

↑522

22.30

↑139

8.22

↓ Rainfall decrease, ↑ Rainfall increase.

Source: Shamsuzzoha et al. 2011.

Comparatively higher rainfall during the monsoon period might aggravate the intensity of
monsoon flood in the studied area. On the other hand, relative decrease in rainfall during
dry period along with shifting of higher rainfall period and the uneven distribution of
total annual rainfall in different years might increase the possibility of seasonal drought
in the studied area.
Evaporation: In general, sunshine duration in Bangladesh is decreasing at an alarming
rate. The overall annual decrease for the entire Bangladesh is about 0.36 hours a day in
every 10 years. In general, evaporation rate during winter was comparatively lower than
the rest of the months at all of the stations. Significant lowering of evaporation rate was
observed at Dinajpur and Rajshahi but in Rangpur evaporation slightly increased during
winter compared to the past (Fig. 4). Higher reduction of mean evaporation rate at
Dinajpur and Rajshahi might be correlated with lower wind speed and decrease of mean
maximum temperature at those two regions. Both maximum and minimum winter season
temperature slightly increased in Rangpur which was not singly sufficient to explain the
increasing amount of evaporation rate. Here, the variation of wind speed along with
temperature might play a vital role for the variation of evaporation rate in all of these
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three areas. The reduction of sunshine duration can also be ascribed as one of the
principal reasons for such a decrease in evaporation (IWFM 2009).

Fig. 3. Changes of mean monthly rainfall in the studied area - 3A: Bogra; 3B: Dinajpur;
3C: Ishurdi; 3D: Rajshahi and 3E: Rangpur.

Values of mean monthly evaporation during 1968 - 1972 varied between 48.65 and
147.17 mm, 34.02 and 121.66 mm, and 58.65 and 168.8 mm at Dinajpur, Rangpur and
Rajshahi, respectively. During the period 2003 - 2007, the values ranged between 32 and
109.02 mm, 59.37 and 101.58 mm, and 38.38 and 98.01 mm, respectively.
Aridity index (AI): Aridity Index (AI) can be used to demarcate the dry and wet periods
and also to estimate the intensity of dryness and wetness of an area. AI values below 0.5
signify potential evaporation is two times the rainfall (McIntosh 1972) indicating a region
of dry climate and vice versa. Values of AI at all of the measured stations were below 0.5
in winter and exceeded this limit during the rest of the months. Wet condition increased
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significantly during July in all of the regions but the difference declined during August.
In Rangpur, the dryness significantly increased during August compared to the past years
and also during the winter.

Fig. 4. Changes in mean monthly evaporation in the studied area - 4A: Rangpur; 4B: Dinajpur;
4C: Rajshahi.

In Dinajpur, AI value ranged between 0 and 6.19 during the period of 1968 - 1972
whereas the value ranged between 0.17 and 11.96 during 2003 - 2007. At Rangpur, AI
value ranges from 0.01 to 3.93 during the period of 1968 - 1972 and 0.06 to 6.26 during
2003 - 2007. Comparison of AI values in both of the regions showed that the value
slightly reduced in winter especially during November to January. The value increased
during the rest of the months. Most significant increase in AI value was found during
monsoon. At Rajshahi, AI value was found between 0 and 3.44 during the period of
1968 - 1972 whereas the value ranges between 0.04 and 14.51 during 2003 - 2007. The
value increased throughout the year except winter. Significant increase in AI value was
found during monsoon. Here, the highest AI value of about 14.51 was found at Rajshahi
which indicated the higher possibility of flood in that area (Fig. 5).
Comparison of the second half with the first interval showed that the dryness of the area
increased during the winter. Significant increase of AI value during monsoon represents
the higher possibility of flood during those months.
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Humidity: In general, highest values of humidity were observed during monsoon period.
During the period of 1964 - 1985 mean annual humidity in the studied area varied
between the lowest 872 at Isurdi and the highest 962 at Rangpur. On the other hand,
humidity increased up to 969 at Rangpur and 931 at Isurdi and Dinajpur during 1986 2007. During the second interval total mean annual humidity increased at all of the
stations. The highest increase was found at Isurdi and the lowest at Rangpur (Fig. 6).
Comparison between the variations of humidity of the two intervals showed that the
mean monthly humidity increased remarkably at most of the stations throughout the year
but relatively lower increases were found during monsoon. In winter, relative increase in
humidity higher than the past might be related to the higher evaporation rate during
winter season in the second half.

Fig. 5. Aridity Index (AI) curves at selected locations in the studied area - 5A: Rangpur;
5B: Dinajpur; 5C: Rajshahi.

Surface water level (SWL): Construction of dam and significant withdrawal of water at
the upstream regions affect the natural flow of transboundary rivers in the NWPB which
create scarcity of surface water. It also tends to create negative impact for the
replenishment of the upper unconfined aquifer in the studied area. Study showed that the
March flows of Ganges River are as much as 57% lower than in the pre-Farakka days
(Treadwell and Akanda 2009). Due to the significant withdrawal of water the
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downstream riparian country of Teesta barrage are going to be dried up. Karotoa, Fakirni,
Buri Teesta, Sonavori, Fulkumar and few other smaller rivers and tributaries in this region are
going to be dried up for the same reason (www.probenewsmagazine.com/index).

Fig. 6. Changes in mean monthly humidity at different stations - 6A: Bogra; 6B: Rajshahi;
6C: Rangpur;6D: Dinajpur and 6E: Ishurdi.

Long-term hydrographs from five surface water stations were used to determine the longterm variation of SWL at the selected rivers. No significant variations of SWL were
observed in Deonair river at Bogra, Ghagoti river at Rangpur and the Korotia river at
Dinajpur. Reduction of SWL was observed in Fakirni river at Rajshahi. Declination of
SWL is more remarkable at Teesta river at Rangpur (Fig. 7). Both of these two rivers
were influenced by the human intervention in the upstream countries.
At Bogra, Rajshahi and Dinajpur the peak of the mean SWL generally started in July
during both of the intervals (1995 - 1999 and 2000 - 2004). But at Rangpur the peak of
mean SWL started in July during the first half but later the peak shifted to June.
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Fig. 7. Long-term changes of surface water level at different rivers in the study area - 7A: Deonair
river at Bogra; 7B: Fakirni river at Rajshahi; 7C: Ghagoti river at Rangpur; 7D: Karatoa
river at Dinajpur and 7E: Teesta river at Rangpur (Source: BWDB).
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Correlating with the rainfall intensity during different months it was found that
everywhere the peak of the mean SWL was following the peak of monsoon rainfall. Both
of the mean maximum and minimum SWL at station SW 83 in Rajshahi and SW 294 in
Rangpur decreased throughout the year. At SW 96 in Rangpur, the mean SWL slightly
increased in summer and monsoon months but decreased during the winter. However, the
mean SWL slightly decreased during the monsoon but slightly increased during the
winter and summer period at SW 65 in Bogra. At SW 143 in Dinajpur, both the mean
maximum and minimum SWL increased throughout the year (Table 3).
Table 3. Mean monthly maximum and minimum SWL in m at different year range.
Ranges of mean monthly SWL (m)
Station
name

Location

SW 65

1995-1999

2000-2004

Max

Min

Max

Min

Bogra

11.09 - 15.186

10.7875 - 12.83

11.38 - 14.48

10.97 - 12.8

SW 83

Rajshahi

8.8 - 14.592

8.388 - 13.7

8.36 - 13.425

8.175 - 12.36

SW 96

Rangpur

31.1 - 33.7

30.97 - 31.93

31.16 - 34.19

31.02 - 31.95

SW 143

Dinajpur

26.59 - 31.56

26.52 - 27.62

26.82 - 30.91

26.73 - 27.87

SW 294

Rangpur

27.16 - 29.78

26.7675 - 28.7

26.5 - 29.5

26.202 - 28.5

(Source: BWDB).

At SW 65 in Bogra, the mean minimum SWL was found in April during the two intervals
(1995 - 1999 and 2000 - 2004). The mean maximum SWL during the first interval was
found in September but in second interval it shifted to October. On the other hand, the
mean maximum SWL was found in October for both intervals but the mean minimum
SWL shifted from April to May at SW 83 in Rajshahi. Negligible seasonal shifting of
mean maximum and minimum SWL was observed at SW 96 and SW 294 in Rangpur and
SW 143 in Dinajpur. So, overall seasonal changes of the availability of surface water
might negatively affect the seasonal irrigation water requirements in the NWPB.
Ground water level (GWL): According to UNDP (1982), the studied areas were
categorized as zone A, D, E and F for groundwater development. Dinajpur district i.e.
zone D is characterized by the sediments of mostly coarse detrital piedmont deposits. The
clay and silt layers overlying the permeable surface sediment is thin enough to allow
maximum infiltration of rainfall. Rangpur district i.e zone A consists mostly of coarse
sediments which has the highest transmissivity in the country. The southern districts of
the studied area i.e Bogra, Rajshahi and Ishurdi fall in mostly zone E and F, which
consists of comparatively thicker layers of overlying clay and silt deposits. As a result,
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the rate of infiltration is relatively lower in the southern districts of NWPB (UNDP
1982).
The highest mean monthly GWL was found at DIO-25 in Dinajpur which was 35.72 m
and the lowest was found at Rajshahi in RJ-029 which was 5.02 m during the period 1995
- 1999. During the year range 2003 - 2007, highest GWL 36.07 m was observed at the
same station of Dinajpurand the lowest 5.82 m in RJ-029 at Rajshahi. Mean monthly
GWL showed that its elevation decreased during the second interval (2003 - 2007)
throughout the year at B-067, but slight fall was observed at Bogra in B-030, B-009 and
B-028. On the other hand, DIO-067 at Dinajpur showed continuously decreasing pattern
throughout the year and DIO-025 showed significant reduction during winter and
summer but increased higher during monsoon than the past. At both of the stations of
Rajshahi, GWL elevation was very low. GWL at RJ-032 was continuously declining but
at RJ-029 GWL increased from October to March. GWL was continuously declining
throughout the year except the months between April and July at RA-31. No shifting of
maximum and minimum GWL was observed in B-028, DIO-025 and RJ-029. At B-03,
DIO-067 and RA-031 the minimum GWL was found in April but in all stations
maximum GWL shifted from September to October at the second interval. At B-9,
minimum GWL shifted from April to March and maximum GWL from November to
October. At RJ-32, mean minimum GWL shifted from June to May (Table 4).
Table 4. Mean monthly maximum and minimum GWL in different periods.

Station
name

Ranges of mean monthly GWL (m)
Location

1995-1999

2000-2004

Max

Min

Max

Min

B-030

Bogra

6.78 - 9.4

6.56 - 8.72

6.84 - 8.81

6.58 - 8.4

B-003

Bogra

13.04 - 18.36

12.34 - 17.61

14.05 - 18.1

13.17 - 16.85

B-028

Bogra

10.03 - 13.94

9.76 - 13.08

10.44 - 13.67

10.17 - 12.26

B-009

Bogra

8.97 - 12.99

8.23 - 12.38

9.72 - 14.14

8.84 - 13.43

DIO-25

Dinajpur

33.43 - 35.72

32.87 - 35.41

31.48 - 36.07

30.99 - 35.76

DIO-67

Dinajpur

26.51 - 29.48

27.76 - 30.02

25.18 - 29.25

25.59 - 29.94

RJ-029

Rajshahi

6.29 - 13.1

5.02 - 12.22

6.11 - 13.4

5.82 - 13.16

RJ-032

Rajshahi

9.8 - 11.76

9.62 - 11.63

8.98 - 10.5

8.48 - 10.05

RA-31

Rangpur

28.9 - 31.44

28.57 - 30.54

28.94 - 31.03

28.64 - 30.3

(Source: BWDB).
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Conclusion
Significant variation in temperature, atmospheric humidity, evaporation rate and wind
speed were observed during different seasons in the NWPB. Increased rainfall in
monsoon period and contemporaneous decrease in dry period might aggravate the flood
condition during monsoon and drought during the winter period. More changing trend of
rainfall pattern than the previous time clearly indicates the changes of climatic condition.
Higher annual variability along with unpredictable rainfall shifting than the past might be
a reason for the seasonal droughts which badly affect the agricultural production in the
NWPB. Comparatively higher AI values during monsoon and lower values during the
other seasons than the past shows the higher possibility of flood during the wet monsoon
season and drought condition during the dry periods. Remarkable reduction of SWL at
Teesta river in Rangpur and also at the Fakirni river in Rajshahi throughout the year was
observed. Decrease in SWL and seasonal shifting of peaks may badly affect the
agricultural practice. Seasonal shifting of mean maximum GWL at most of the stations
with continuous declining of GWL in a few other stations increases the possibility of
drought. Finally, the changing pattern of the climatic condition in this study necessitates
further vigorous research for better understanding the climatic status in the NWPB.
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Abstract
Risk assessment provides the scope to understand the vulnerability situation of any area
based on different hazard context. The study has been conducted in the eastern part of
Jamuna floodplain area to examine its flood vulnerability. To perform the analysis, the
whole study area has been surveyed and examined applying Geographic Information
System. The entire hazard, vulnerability as well as the capacity factors are assessed and
have been classified into different categories from very low to very high. Individual
factor analysis has been considered to realize the specific condition of different factors.
Finally, flood hazard map has been prepared to examine the vulnerability of the proposed
area. This type of work helps the planners and disaster managers to identify the most risk
zone which should receive immediate hazard mitigation measures as well as help to take
a decision in an emergency situation when a flood may occur in the study area.

Key words: Flood hazard, Vulnerability, Capacity, Geographic information system

Introduction
Risk assessment is becoming popular in the management and policies of all the major
countries especially in disaster management sector like a flood (Meyer et al. 2009). In the
context of Bangladesh, risk assessment is even more important as she faces different
natural calamities on a regular basis and flood is one of them. It noticeably damage
humanlives, properties, environments and contributed about 39.26% of worldwide natural
disasters and caused about US$ 397.3 billion worth damage between 2000 and 2014 (Emdat 2010). As Bangladesh is part of the world’s most dynamic hydrological and the
biggest active delta system, the landscape, position, and outfall of the three major rivers
shape the annual hydrological cycle of the land. Too much rain in rainy season and too
little water in the dry season is the annual phenomenon in a hydrological cycle. Here
regular monsoon event, flood, the depth, and duration of inundation are the deciding
factors whether it is affecting beneficially or adversely. Monsoon inflow along with
rainfall historically shapes the civilization, development, environment, ecology and the
*Author for correspondence: E-mail: marufbillah413@gmail.com
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economy of the country. Extreme events of flood adversely affect the development,
economy, poverty and almost every sector. The quick advancement of satellite-based
innovations and the remarkable advancements in spatial data examination and
demonstration have empowered various improvements in exact flood risk evaluation and
also rational flood management.

Fig. 1. Study area (Karzakram 2011).

Materials and Methods
The concept of risk: A risk is observed as the likelihood of occurrence or the gradation of
loss of a specified element expected from a specific hazard (Schneiderbauer and Ehrlich
2004). While risk measurement varies according to discipline. In hazard research, a risk
is equal to the product of two or three factors (Crichton 2002, Wisner et al. 2004), though
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dissimilar views exist (Chakraborty et al. 2005) . For example, (Crichton 2002)
summaries chance with a three-way relationship in which risk, presentation, and
helplessness contribute freely. On the other hand, Asian Disaster Reduction Center
(Shaluf 2007) defines hazard as the coverage areas of three factors - hazard, exposure,
and vulnerability - that act simultaneously to generate the risk of natural hazards, which
can be expressed as:
Risk = Hazard × vulnerability

(Eq. 1)

Risk = Hazard × exposure × vulnerability

(Eq. 2)

While hazards are a probable threat to inhabitants and the surroundings, a risk is an
interplay between hazard and vulnerability. Elements at risk, a commonly used term in
hazard research, allows the assessment of economic losses from a life-threatening event
(Meyer et al. 2009). But it is usually not included in the risk equation; it is considered as
a part of the vulnerability and exposure analysis.
However, according to the United Nations Disaster Relief Coordinator Office (Peduzzi
et al. 2009), a risk is the function of elements at risk (e.g., population), hazards, and
vulnerability. It varies from the concept of others, who describe risk as a production of
hazard and vulnerability (Wisner et al. 2004). The risk to a specific community varies
over time and time and depends on their socio-economic, traditional, and other
characteristics (Cannon 2000, Wisner et al. 2004). Moreover the risk of the natural
hazards relay on both the hazard and the capability of the community to withstand shocks
from disaster.
Risk assessment: Risk assessment refers to the evaluation of the capacity of estimated
risks based on the local society's suitability criteria. Processed data and information have
been used in the developed model and finally a risk map has been prepared using the
following speculation:
Risk =

Hazard × vulnerability
Coping capacity

(Eq. 3)

Concept of flood risk assessment: Flood risk assessment is an interdisciplinary task. It
combines various types of source, information and models. Some assessment attempts to
estimate many possible hazard factors like flood extent and inundation depth, how
probable they are and what may be the consequence (de Moel et al. 2015).
Integrated risk assessment model: Risk is the product of hazard, exposure, vulnerability,
and coping capacity. Using these measures, hazard (the probability or severity of flood,
elevation from sea level), exposure characterizes (structure, population, population
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density, distance from river), and capacity (awareness, relief system, economic strength,
use of indigenous knowledge, education system), it is possible to determine community's
risk to hazards and can take the necessary actions to lessen the risk of disaster. The
proposed model was mainly developed to assess the flood risk of the Jamuna Floodplain.
Hence, all these above-mentioned components are applicable to single hazard
investigation. The model is based on three important principles.
First, a single hazard perspective is used rather than a multi-hazard.
Second, it is only applicable for hazards that have spatial relevance, such as the flood.
Spatially non-relevant hazards such as disaster earthquake or cyclone cannot be used.
Third, the model may be useful to determine community risk by integrating hazard and
vulnerability. However, it is unable to recognize individuals' risk. An important pitfall of
this model is that it requires plentiful data to operationalize the concept.

Fig. 2. Elevation map.
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Topographic analysis: For the purpose of using geographical data in the planned model,
Upazilla map are constructed from an administrative shapefile provided by the
Government of Bangladesh. GPX converter (an online open source) has been used to
obtain elevation data for a particular area which was later processed and assembled into a
spatial database using GIS and image processing (Fig. 2). According to the elevation of
the study area elevation rank has been prepared on a map (Fig. 3).

Fig. 3. Elevation ranking.
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Analysis of variables of the proposed model
Raster elevation ranked as 20 meters and above height from the sea level is 5 in rank, and
1 is in risk rank while very low in risk index. The estimated values, ranks and risk index
are given in the Table 1.
Table 1. Elevation value, rank and index used in the model.

1-5
6 - 10
11 - 15
16 - 20
20 +

Values
1
2
3
4
5

Rank
5
4
3
2
1

Risk index
Very high
High
Medium
Low
Very low

Source: Tingsanchali and Karim 2010.
Table 2. Upazilawise population density in the study area.
SL. no.

Name of the
Area (sq.
Total
Density/ sq.
Density
Upazila
km)
population
km
rank (*)
1
Basail
157.78
148555
941
2
2
Bhaluka
444.05
264991
596
2
3
Delduar
184.54
175684
952
2
4
Fulbari
402.41
345283
858
2
5
Gafargaon
401.16
379803
946
2
6
Ghatail
451.30
341376
756
2
7
Gopalpur
193.37
252747
1307
3
8
Jamalpur Sadar 489.56
501924
1025
3
9
Kaliakair
414.14
232915
741
2
10
Kalihati
301.22
354959
1178
3
11
Madargonj
225.38
24306
107
1
12
Madhupur
500.67
375295
749
2
13
Melandaha
239.65
262478
1095
3
14
Mirzapur
373.89
337496
902
2
15
Muktagacha
314.71
321759
1022
3
16
Sakhipur
429.63
220281
512
2
17
Sharishabari
263.48
289106
1097
3
18
Tangail Sadar
334.26
680518
2035
5
19
Trisal
338.98
336797
993
2
* Population density index, 100 – 500 = 1, 501 – 1000 = 2, 1001 – 1500 = 3, 1501 – 2000 = 4,
2000+ =5
Source: Bangladesh Bureau of Statistics 2011.
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Analysis of population density of human settlement: The population density of the study
area provided further evidence of the problems especially in the case of losses of life due
to flooding. To assess the flood risk on population settlement, Upazila wise population
density statistics has been usedand shown in Table 2. A population density index map has
been developed for better visualization (Fig. 4).

Fig. 4. Population density index.
Hydrological analysis: The vulnerability of flood in any catchment or basin area or
floodplain depends on the hydrological characteristics of its own. To determine the actual
scenario of hydrological risk, distance from the river of each unit of land (Upazila)
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calculated and in this case the river Jamuna has been taken into consideration as a river.
Upazila wise distance rank has been prepared on the basis of a distance from the river.
The distance has been calculated using proximity toolset in Arcgis 10.1 version. Fig. 5
represents the distant ranking.
Table 3. Hydrological data used in the model.
Sl. No.

Name of the
Upazila

Area
(Sq. km)

Average distance
from the river (Km)

1

Distance
rank *

Basail

157.78

38.62

3

2

Bhaluka

444.05

51.49

4

3

Delduar

184.54

24.14

1

4

Fulbari

402.41

54.71

4

5

Gafargaon

401.16

86.90

5

6

Ghatail

451.30

32.18

1

7

Gopalpur

193.37

8.04

1

8

Jamalpur Sadar

489.56

40.23

3

9

Kaliakair

414.14

65.98

5

10

Kalihati

301.22

6.43

1

11

Madargonj

225.38

9.65

1

12

Madhupur

500.67

37.01

2

13

Melandaha

239.65

25.74

2

14

Mirzapur

373.89

41.84

3

15

Muktagacha

314.71

59.54

4

16

Sakhipur

429.63

45.06

3

17

Sharishabari

263.48

14.48

1

18

Tangail Sadar

334.26

17.70

1

19

Trisal

338.98

67.59

5

*Distance index, 0 - 16 = 1, 17 - 32 = 2, 33 - 48 = 3, 49 - 64 = 4, 65+ = 5

Average vulnerability index: To calculate the average vulnerability of the selected area,
population density and the distance from the river has been considered because the flood
will affect more if it sticks in a densely populated area rather than an area which has less
density. On the other hand distance from the river is another parameter as in our country
maximum flood occurs when the river cannot contain the excessive water flow coming
down from the upward in monsoon period. A vulnerability index map (Fig. 6) has been
developed using the average score of the distance from the river and population density.
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Coping capacities or coping strategies: Coping capacities or coping strategies are highly
complementary since greater resilience is achieved. People of the study area adapted
various strategies to cope with the flood of their own and also with the help of different
organizations. Focus group discussion (FGD), key informant interview (KII) have been
conducted in every Upazilla. Coping strategies of the local people used in the developed
model as furnished in the table below: (Table 4) and the map (Fig. 7) symbolize the
overall capacity scenario of that specific area.

Fig. 5. Distant rank from the river.

220

Billah and Ansary

Fig. 6. Average vulnerability index.
Flood risk ranking map: Based on the assessment final risk has been calculated through
the equation (Eq. 3). The developed model has run using Arc GIS and final flood risk
map have been developed. In the case of the final output of the flood risk map, three
major variables like hazard, vulnerability and capacity have been considered. Similarly,
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in scheming hazard, vulnerability and capacity both ordinal and nominal values were
calculated through the model. Fig. 8 is the final yield of flood rink valuation of the study
area.
Table 4. Coping capacity, variables and index (Upazila-wise).
Sl.
No.

Name of the
Upazila

Awareness

Index
Very high = 5
High = 4
Medium = 3
Low = 2

Variables of measuring coping capacity
Economic
Use of
Relief
strength
indigenous
system
knowledge
Index
Index
Index
Very good = 5 High = 3
High = 3
Good = 4
Medium = 2 Medium = 2
Satisfactory = 3 Low = 1
Low = 1
Not good = 2
Bad = 1

Education
level
Index
Very high = 5
High = 4
Medium = 3
Low = 2
Very low = 1

1

Basail

4

4

1

2

2

2

Bhaluka

4

5

2

2

2

3

Delduar

4

4

2

2

2

4

Fulbari

3

3

3

3

3

5

Gafargaon

4

2

2

2

2

6

Ghatail

4

4

2

1

2

7

Gopalpur

3

4

1

1

2

8

Jamalpur Sadar

3

3

3

1

3

9

Kaliakair

4

5

3

2

4

10

Kalihati

4

4

1

2

2

11

Madargonj

4

4

2

1

2

12

Madhupur

5

4

2

3

2

13

Melandaha

4

5

1

1

2

14

Mirzapur

5

3

2

3

2

15

Muktagacha

3

3

2

3

2

16

Sakhipur

4

3

2

2

2

17

Sharishabari

4

4

2

3

2

18

Tangail Sadar

4

2

3

1

2

19

Trisal

3

3

2

2

2

Index of economic based on monthly income taka 15000+ = 3, 10000 - 15000 = 2, 0 - 10000 = 1
Index of education (%), 0 - 20 = 1, 21 - 40 = 2, 41 - 60=3, 61 - 80 = 4, 80+ = 5.
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Fig. 7. Average capacity ranking.

Assessment of flood risk in the eastern part of Jamuna floodplain

223

.
Fig. 8. Flood risk ranking.

Conclusion
After analyzing all variables stated above, final flood risk has been assessed and is shown
in the final map (Fig. 8) which shows the index of flood risk of the Jamuna floodplain.
The proposed model could also be applicable for the assessment of flood risk for the
whole country as both social and topographical factors have been considered here. This
assessment has been conducted to identify the priority areas which should give more
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emphasis for flood mitigation procedures. This type of work is helpful for the planners,
disaster management organizations and also for the government to think about the future
plan in the considered area.
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