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HEALTH RISKS ASSOCIATED WITH SOURCES OF WATER:
AN EXPLORATORY STUDY FROM TURAG-TONGI RIPARIAN
AREAS, BANGLADESH

SHAMIMA PRODHAN" AND MAHBUBA NASREEN
Institute of Disaster Management and Vulnerability Studies,
University of Dhaka, Dhaka, Bangladesh

Abstract

The present study aims to investigate the available water sources for drinking and
domestic purposes and their relationship with the occurrence of diseases in a given
community. To accomplish this, 1826 households in the Turag River area of Tongi at
twelve different locations were surveyed. Six focus group discussions (FGDs) and twelve
key informant interviews (KIIs) were also conducted in six different Turag River
locations. Data on water quality has been gathered from various government surveys
(BNDWQS, 2011; BBS, 2017; SVRS, 2019, etc.), international reports (WHO, World
Bank, etc.), individual studies, and other relevant sources. Of all the recorded (13)
drinking water sources, motorized tubewells were the most common and were used by
73.8 percent of respondents. Other sources include pipe connections into the yard
(16.7%) and dwelling (4.5%), deep and shallow tube wells (2.6%), public tap water
(2.1%) etc. The study also revealed that a notable percentage (2.8%) of the survey
population still depended on open sources such as rainwater, rivers, lakes, ponds, etc., for
drinking and domestic purposes. The respondents also reported the presence of yellow
crust (iron) and other unwanted components in their water sources, with foul odors and
unpleasant tastes. It has also been documented that the communities have been suffering
from various diseases, such as diarrhea, skin diseases, dysentery, malaria, jaundice,
typhoid, tuberculosis, pneumonia, cholera, etc. diseases over the past year. The
Spearman’s rho (p’s) test showed significant associations between these diseases and the
water sources. The issues identified by the present study are likely to aid policymakers in
including water and health concerns in national policy and ensuring access to sustainable
water resources, aligning with SDGs 6.1, 6.3, and 6.4.

Keywords: Sources of water, disease incidence, water quality, river, drinking water.

Introduction

Access to safe and clean water is a fundamental human right, and its importance cannot
be overstated when maintaining good health. Yet, for several decades, roughly a billion
people in developing nations lacked access to reliable, safe water sources (Hunter et al.,

*Corresponding author: sp.idmvs@du.ac.bd
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2010). It has been estimated that 2.1 billion people worldwide (29% of the world's
population) have no access to safe drinking water and are responsible for 1.2 billion
deaths yearly (Hannah and Max, 2021). Over 70 percent of the urban population in
developing countries either lack adequate water supplies, or receive unsafe water, or both
(Kamal, 2003). Safe drinking water availability in urban areas is a major challenge (Zuthi
et al., 2009) due to the steady population growth, declining groundwater availability, and
river water pollution (Nahar et al., 2014; Parvin et al., 2022; Xu et al., 2022).

Drinking water quality is essential to human health, as 80 percent of diseases worldwide
are linked to poor drinking water quality (Lin et al., 2022). While Bangladesh has made
significant progress in providing universal access to improved water sources, access to
safe drinking water remains 41 percent (1.8 million out of its 165 million people) in 2023
(Water.org, 2023). Bangladesh faces an enormous challenge in supplying safe water to
the capital city's fast-growing population (ABD, 2013), resulting in many households
heavily relying on a combination of safe sources such as shallow tube wells, piped water
supplies, etc., and unsafe sources, such as rivers, canals, dug wells, rainwater, water
vendors, etc., to meet their daily water needs (ABD, 2013; Roy and Dutta, 2017). Poor
sanitation practices, industrial waste, and agricultural runoff put these water sources at
risk of contamination. Due to the practice of discharging untreated domestic and
industrial waste, rivers in urban areas have also been linked to water quality issues. This
has increased the level of toxic metals (Rashid et al., 2012; Zakir et al., 2013; Hasan et
al., 2014; Islam et al., 2015), fecal coliform, and other harmful bacteria (Zuthi et al.,
2009; Sarker et al., 2019), which has a variety of adverse health effects (Schwarzenbach
et al., 2010; WHO, 2012; Alidadi et al., 2019; Lin et al., 2022; Sing et al., 2022). Usage
of contaminated water from both safe and unsafe sources causes various waterborne
diseases like diarrhea, cholera, jaundice, typhoid, hepatitis, etc. (Rahman, 2016). It is
responsible for approximately 3.5 million deaths annually (World Vision, 2021), making
it one of the leading causes of global mortality (Berman, 2009). Additionally, according
to estimates from WHO and UNICEF in 2000, as well as Rosegrant and Cai (2002), poor
drinking water contributes to an estimated four billion instances of diarrhea each year,
which results in two million fatalities. The lower income group suffers the most since
they cannot afford safe drinking water for an active and healthy life (Rahman and Jahan,
2003).

The Seventh Five Year Plan (SFYP, 2016-2030) of the Government of Bangladesh calls
for the availability and accessibility of safe drinking water to all rural and urban
residents, synonymous with the goal (six) of the United Nations' Sustainable
Development Goals (SDGs, 2016-2030). The current research, therefore, can benefit
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policymakers by highlighting the significance of safe water for public health and
suggesting strategies for the sustainable supply and management of water for those who
lack access to it. However, the present study entails understanding a) available water
sources for drinking and domestic usage and b) the differential impacts of water quality
on the health of the dependent communities.

Methods

Selection of study area and population: The Turag is a prominent river in Bangladesh
that is only 7.9 km away from Dhaka (Haque, 2018). This river is of paramount
importance as the main drainage channel of Dhaka city (Salam and Alam, 2014) and is of
great importance from an economic point of view (Ahmed and Bodrud-Doza, 2013). The
Turag is also home to a substantial amount of human activity ranging from navigation
(Rahman et al., 2013), fishing (Baki et al., 2015), agriculture (World Bank, 2007), and in
many instances, as a source of water for domestic purposes (Bhuiyan et al., 2011).
Considering the sources of drinking water and the proportion of households adjacent to
the Turag River, twelve areas, namely Konabari, Kashimpur, Ichharkandi, Palasana,
Gutia, Gusulia, Bhakral, Bhadam, Rashadia, Kathaldia, Abdullahpur, and Mausaid (Map
1) were selected for the survey. Before selecting these survey areas, several
reconnaissance visits were made to familiarize the area with potential samples and
identify the diverse water security challenges in different areas. The visits also enabled us
to design the survey questionnaire and sampling strategy.

The study follows a probability sampling technique in drawing the sample households,
the unit of analysis. The study population covered the households living within half a
kilometer of the banks or canals of the Turag River with the samples from the newly
growing industrial zones. Households living near a river within a given distance having
the chance of being exposed to the river were treated as the target population. Similarly,
the households residing a short distance from the river and less likely to be exposed to the
river were treated as the control population.

Data collection and analysis: To capture the intra-household water resource usage, the
survey focused on individual household data. A total of 1826 households were surveyed
purposively from December 2017 to February 2018 across the selected twelve sites along
the Turag River area. The data was collected using a mobile data collection software
called "Organizational Network Analysis (ONA)." To do this, the questionnaires have
been transformed into an online version and made suitable for ONA. The household head
or his/her spouse was the target respondent. A standard semi-structured survey
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questionnaire was developed and applied to collect data from the respondents. The
questionnaire was pre-tested through eight interviews during scoping and revised
following the pre-test. The questionnaire was in English, but interviews were conducted
in the local language, Bangla.
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Map 1: Study sites along the Turag river area (Source: REACH, Oxford)

Likewise, six FGDs comprised 7 to 8 participants, and twelve Klls were conducted
concurrently at six selected study sites (Kashimpur, Konabari, Bhadam, Bhakral,
Abdullahpur, Mausaid). A thematic checklist was developed to collect information
through focus groups and key informant interviews. Locally knowledgeable persons,
political leaders, doctors, local volunteers, members of civil societies, government
officials, and non-government officials participated in the KII. Local medical institutes



Health risk associated with sources of water 125

were also visited to understand the extent of waterborne diseases in the survey areas. In
addition, we carefully analyzed over seventy (70) scientific articles, conference and
workshop proceedings, national and international reports, survey data published by the
government and other respected organizations (BBS, DoE, BNDWQS, SVRS, HIES,
etc.), books, online citations, and other relevant materials. This helped us understand the
current state of groundwater and the Turag River, the quality of available water sources,
and the sources of contamination.

The study employs statistical and descriptive techniques to analyze the survey data. Any
errors in spelling, grammar, or punctuation have been corrected. The primary level of
analysis was done using ONA, and further statistical analysis was done using the
Statistical Package for Social Sciences (SPSS) version 25. Descriptive statistics were
utilized to explore the general characteristics of the study population. Spearman’s rho
(p’s) values were obtained to investigate the relationship between the dependent variable
(disease incidence) and independent variables (water sources) of the study. The statistical
significance level was set at 97.5% for both ends (equivalent to 95% significance level).
Then again, to examine how communities become infected with diseases linked to water
usage, disease ecology theory was used to understand the process.

Results

Respondents’ characteristics: Among the 7134 population in 1826 households surveyed,
50.1 percent (n=3573) were male, and 49.9 percent (h=3561) were female. The average
household size is 4.0, slightly smaller than the national average urban household size of
4.4 (BBS, 2011). Out of all households, 91.4 percent are headed by males (n=1669) and
only 8.6 percent by females (n=157), which is 84.1 percent of male-headed and 15.9
percent of female-headed households in Dhaka according to Bangladesh Sample Vital
Statistics (2020). The highest concentration of the population exists in the age group of
16-25, with male and female percentages of 20.6 and 25.2, respectively. Age group
ranges from 26-35 and 6-15, securing 2" and 3™ highest rank (20.1% and 19.4%,
respectively). The percentage of the population aged 0-5 is 7.5 percent, and the
population aged 66 and over is 2.3 percent. Of the surveyed respondents, 28.5 percent
(n=928) were recorded as illiterate, 25.8 percent (n=923) completed primary school, and
only 3.3 percent (n=160) had a bachelor's or higher degree. The surveyed household
members were found to work in garment factories (10.8%), in business (7.5%), as skilled
laborers (2.7%), in non-government services (1.5%), in farming (2.8%), in fishing
(1.2%), etc. occupations.
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Sources of water for drinking and domestic purposes: Fig. 1 shows that the motor
tubewell (73.8%) was the primary source of water supply among the studied
communities, followed by piped water into the dwelling (4.5%), piped water into the yard
(16.7%), deep and shallow tubewell water (2.6%), and tap water (2.1%). Communities
were also found to depend on vented water sources (bottled water/tanker trucks/cart
tanks) (0.4%) when other alternative sources were unavailable. Other water sources
(0.7%) include neighbors® water sources, compressor and submersible pumps,
brickfields, etc. Also, a certain percentage (2.8%) had been recorded using open sources
such as rivers, lakes, ponds, and rainwater for drinking purposes. As this group has no
fixed sources, they alternatively collect drinking water from electric/motor tube wells
owned by other households (2.2%), deep and shallow tube wells (0.3%), public
standpoints (0.1%), ponds (0.1%,), etc. based on its availability and whenever they get
accessed to it.

Public piped into dwelling D 4.5

Public piped into yard | 16.7

Public tap 21

—]

Electric tube well (with motor only/ both... 73.8

Tubewell (deep and shallow) D 26
Open source (rainwater, river, lake, pond) D 2.8

Vended cart, tanker truck, bottled water 0.4

Others ﬂ 0.7
0

10 20 30 40 50 60 70 80

Fig. 1. Sources of drinking water (%) identified in the studied area.

The household survey also shows that communities' primary water sources for domestic
uses come from motorized tubewell (69.1%), piped water (19.8%), tap water (2.1%), and
deep and shallow tubewell water (2.3%). A noticeable percentage of people (21.1%) were
also found to depend on unsafe sources like rivers, canals, ponds, lakes, and rainwater for
cooking, washing (vegetables, clothes, dishes, etc.), bathing, and hygiene purposes.
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Respondents also revealed that the water they drank is unsafe (4.2%); their primary
justifications for this belief include the presence of yellow crust in the storage pot locally
identified as iron (2.9%) and various unwanted components (1.3%), with terrible odor
and taste (1.0%). Also, when asked about the condition of the water they use for domestic
purposes, 6.9 percent (n=126) of respondents reported that the water they use is dirty.
Interestingly, these people found supply or ground sources, especially motor tubewell
water, much more polluted than the Turag River water they depend on for various
domestic uses (FGDs).

Disease incidence among studied communities

Disease prevalence among the studied community over the past year: The surveyed
community suffered (27.5%, n=1968; N=7134) from various diseases in the past year;
gastric ulcers and stomach pain ranked the highest (36.6%). Diseases like skin problems
(12.6%); dysentery, diarrhea (12.5%); chikungunya, and dengue (11.1%); jaundice
(9.2%); typhoid (6.0%); tuberculosis, pneumonia (5.4%); cholera (0.8%), etc. (Fig. 2)
were also well documented. IlInesses such as body pain, back pain, respiratory problems,
gynecological problems, tonsils, and fever were most frequent under other categories and
represented 30.1 percent of the total count. Gender-wise illness shows no significant
variation, although the females were affected more (64.8%) than males (59.5%). Both
males (16.6%) and females (20%) were documented to suffer from gastric ulcers at a
higher percentage than other diseases recorded. They may stem from irregular eating
habits and water consumption from unsafe sources. Overall, focus group discussions and
key informant interviews revealed that women continue to have higher rates of cholera,
dysentery, and skin issues than males due to their considerably higher engagement in
water-related activities.

Area-wise (Table 1), the rate of unsafe water intake was the highest among the
communities living in Ichharkandi (1.4%) and Palasana (1.1%). However, disease
incidence in those areas remained lower than in other areas regarding the total population
surveyed (13.1% in Ichharkandi and 15.8% in Palasana). Among other areas, the second-
highest surveyed population was documented in Kathaldia (n=914; 12.8%), though
disease occurrence remained the lowest (14.8%). Drinking water sources in this
community were piped connections (7.2%) and motorized tube wells (4.9%), and no
interaction with unsafe water was documented.



128 Prodhan and Nasreen

40 OTotal (%) BMale (%) @ Female (%) r 40

35 I 35
30 r 30
25 F 25
20 - 20

12,6 125

66 ¢ 65 g 5.6 5.5 2.3 49 5 0.8
H |_| H |E7|—| @I e rz-l 05 03
>

15 F 15

10 - 10

< N
& S & & <¥ &
N ¢
& O @
& > ) & Nl
é& Y d;s

2 3 a
R &

& o

P\

Fig. 2. Gendered variations (%) of disease occurrence.

Table 1. Area-wise disease occurrence and dependent sources of water.

Sources of drinking water

Area Population Disease Disease

incidence Supply/ Open water
(%) groundwater sources

n % n % n % n %
Konabari 1040 146 400 5.6 385 248 13.7 0 0.0
Kasimpur 786 11.0 306 4.3 38.9 204 11.3 1 0.1
Ichharkandi 582 8.2 76 11 13.1 163 9.0 25 1.4
Palasana 411 5.8 65 0.9 15.8 109 6.0 21 1.1
Gutia 435 6.1 78 11 17.9 104 5.8 0 0.0
Gusulia 2719 39 60 0.8 215 65 3.6 1 0.1
Bhakral 362 51 132 19 36.5 85 4.7 0 0.0
Bhadam 590 83 171 24 29.0 197 10.8 0 0.0
Kathaldia 914 128 135 19 14.8 222 12.1 0 0.0
Rashadia 270 38 145 20 53.7 69 3.9 0 0.0
Abdullahpur 832  11.7 533 7.5 64.1 221 12.1 3 0.2
Mausaid 633 89 344 48 54.3 140 7.7 0 0.0
Total 7134 100 2445 343 34.3 1827° 1002 51 2.8

*M.R.; Source: H.H. Survey, 2017-18; Supply/groundwater: motorized tubewell, pipe water, tap
water, deep and shallow tubewell, etc.; Open water sources: river, lake, pond, rainwater, etc.
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The FGD participants identified skin diseases, dysentery, diarrhea, dengue, chikungunya,
respiratory problems, typhoid, cholera, fever, jaundice, and gastric as their greatest health
risks (Table 2). Women are more likely to engage in water-related activities and work
with dirty Turag River water for domestic chores, making them more susceptible to
developing skin problems (FGDs and KIIs). Itching in intimate parts was also an issue for
women as they were contingent on polluted water for bathing and toileting (FGDs and
Klls).

Table 2: Health profile of studied communities based on FGDs and Klls

The greatest health risk identified by the community Score Rank

Skin problem/itching 11

=
o
=

Stomach upset/dysentery/diarrhea
Respiratory problem/asthma
Dengue/chikungunya

Jaundice

Typhoid

Cholera

Fever

Gastric

Kidney problems

P R, R NN DN W R DN
o o o Ol ol ol W W N

Body swelling

Source: FGDs and Klls, 2018

Spearman’s rho analysis (p’s) results, as presented in Table 3, show that among all
diseases, dysentery shows significant relation with piped water into the dwelling
(p<0.016); cholera with pond water (p<0.001); typhoid with rainwater (p<0.005);
jaundice with deep tubewell (p<0.009) and vended water (p<0.017); gastric, ulcers with
piped water into the dwelling (p<0.002), piped water into the yard (p<0.032), river water
(p<0.002) and pond water (p<0.018). Chikungunya, dengue, and malaria show significant
relation with piped water into the dwelling (p<0.001), piped water into the yard
(p<0.001), shallow tubewell (p<0.001), and motor tubewell water (p<0.003); diseases
like tuberculosis, pneumonia found significantly linked with river and canal water
(p<0.001).
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Table 3. Spearman’s rho (p’s) test of association between disease incidence and water sources

Spearman’s rho (p’s) test of association p-value
Dysentery/ Diarrhoea ~ Piped water into the dwelling 0.016**
Cholera ~ Pond 0.001
Typhoid ~ Rainwater 0.005*
Jaundice ~ Deep tubewell 0.009*
Jaundice ~ Vended truck 0.017**
Gastric/ulcers ~ Piped water into the dwelling 0.00Z
Gastric/ulcers ~ Piped water into the yard 0.032**
Gastric/ulcers ~ River/canal 0.00Z
Gastric/ulcers ~ Pond 0.018**
Chikungunya/Dengue ~ Piped water into the dwelling 0.001*
Chikungunya/Dengue ~ Piped water into the yard 0.001*
Chikungunya/Dengue ~ Shallow tubewell 0.001*
Chikungunya/Dengue ~ Motor tubewell 0.003
Tuberculosis/ Pneumonia ~ River/Canal 0.001

(Each value on the table represents the test statistics value at a 95% significance level).
**significant at 0.05, *significant at 0.01

Case of malnutrition among the studied communities: Collecting and analyzing
malnutrition data is essential because it increases the susceptibility to disease occurrence.
Of the total people surveyed (n=7134), 18.2 percent (n=1298) were documented
malnourished, and more females (51.3%, n=666) were found malnourished than males
(48.7%, n=632). It is also found that malnutrition remains highest among the most active
age groups, i.e., 16-25 yr (20%), 6-15 yr (18.2%), 26-36 yr (16.1%), 36-45 yr (12.9%),
and 46-55 yr (10.3%) while it was lowest among infant (>5 yr) and elderly (<66 yr)
group.

Discussion

This section is further discussed under two main parts. The first part provides a general
discussion of findings to support the objectives set. The second part attempts to fit the
study findings on the adopted theory.

Linking disease occurrence with sources of water: Though in the present study,
motorized tube wells, deep and shallow tube wells, and piped and tap water supplies were
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documented as the primary water sources, communities were also found to depend on
rivers, ponds, and other sources of doubtful water quality for household use (21.1%) as
well as for drinking (2.8%) due to lack of sufficient and easily accessible water supply.
According to the BBS (2017) and SVRS (2019) reports, tap water accounts for 23.7 and
27.5 percent of the primary drinking water sources in urban areas, respectively, while
tube wells make up 60.2 and 67.1 percent. Additionally, the SVRS (2019) report found
that 1.8 percent of Bangladesh's population (about four million people) depended on
unsafe sources (ponds, rivers, streams, or unprotected wells, springs, etc.), which
corresponds to 3 percent of the country's overall population according to the World Bank
(2018) report. In a similar work, Jinnah's (2007) research shows that 3.8 percent of
Bangladesh's slum dwellers use rivers, ponds, lakes, and canals as drinking water
sources. As revealed in the current study (FGDs and KllIs), interacting with unprotected
sources, in this case, the Turag River water for cooking, washing, bathing, and other
domestic uses results in health issues like dysentery, skin problems, respiratory problems,
etc. among the examined people (Table 2).

The presence of yellow crust or iron in supply water has been confirmed and labeled as
unsafe to drink by the studied community (2.9%). According to BNDWQS (2011), the
average concentration of iron (Fe) present in the shallow (2.65 mg/L) and deep tubewell
(1.37 mg/L) water throughout the country exceeded DOE (1997) Bangladesh standards of
0.3 mg/L and 1.0 mg/L, respectively. Consuming excessive iron has the potential to cause
multiple organ dysfunction such as liver fibrosis (Heming et al., 2011), diabetes
(Swaminathan et al., 2007; Heming et al., 2011), lung and heart disease (Milman et al.,
2001), etc. as reported in case of the studied population. Simultaneously, unpleasant
tastes or odors pointed out by the studied communities (1.0%) in microbiologically safe
water supplies may act as a deterrent to the use of safe sources, exposing them to
unprotected water sources, in this case, the Turag River, and thereby increasing the
people health risks (Hunter et al., 2010). As reported by the World Bank (2018), E. coli is
found in 80 percent of private piped water taps across the country, a number that is
comparable to water taken from ponds. MICS (2019) report verified that 84.1 percent of
households in Dhaka use water sources tainted with E. coli. Moreover, the work of More
(2017) demonstrates that in Bangladesh, very high E. coli risk levels (p>100 CFU/100
mL) were found in 46.3 percent of piped water into dwellings and 3.6 percent of tube
wells. The presence of microorganisms in the tubewell water of Bangladesh is also
confirmed by the work of Hoque et al. (2006), Rahman et al. (2014), Kabir et al. (2016),
Sarker et al. (2019), etc. Thus, disease incidence among the studied communities might
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result from microbial components and other harmful contaminants in their relied water
SOUrces.

Although in the present study, most of the disease occurrence shows significant relations
with safe water sources, diseases like cholera, typhoid, and tuberculosis depend entirely
on open sources such as ponds (<0.001), rain (0.005), river water (< 0.001), etc. As
shown in Table 3, diarrhea and dysentery are associated with piped water. Payment et al.
(1997) also discovered tap water to be a pivotal contributor to these diseases. Worldwide,
cholera continues to be a serious public health issue that can result in up to 4.0 million
cases and 95,000 fatalities each year (Ali et al., 2015). However, the prevalence of
cholera in the current study is still low (0.8%; Fig. 2) but shows a strong association with
pond water (p>0.001; Table 3), which is consistent with Sheppard's (1995) findings that
cholera transmission is associated with surface water. Additionally, according to
Hashizume et al. (2008), the chance of acquiring cholera is raised due to drinking
tubewell water and visiting unhygienic toilets. Also, practices like bathing, washing
utensils and clothes, washing mouth in pond water, and occasionally drinking are
significantly associated with this type of illness (Mukherjee et al., 2011). The work of
Parvin et al. (2022) indicates that rain influences typhoid occurrence by increasing fecal
contamination, supported by the present study findings where the occurrence of typhoid
is found to be significantly linked with rainwater (Table 3). However, some studies
(Corner et al., 2013; Dewan et al., 2013) show that communities living near large bodies
of water (lakes and river networks) are particularly susceptible to typhoid outbreaks,
which is true in the case of the present study. Jaundice, which was found to be
significantly associated with tube wells (p<0.009) and carts water (p<0.017) in the
studied communities, is brought in by a high concentration of coliforms and gram-
negative bacteria. Jaundice is also believed to be associated with water deficits in all
megacities (Kumar et al., 2022), sewage water infiltration in the water supply, and
improper water handling practices (Rathour et al., 2022). The association of jaundice
with cart water (vented truck) might be because it was in short supply from regular
sources and handled unhygienically by seller groups. On the other hand, the possible
explanation for the connection of jaundice with tubewell water in this study is likely due
to its contamination with sewage lines or old, rusted pipelines lying close to sewer lines.
According to HIES (2016), gastric ulcers among urban dwellers (20.3%) are most
common; in the present study, gastric ulcers were found linked to both safe (piped water
into dwelling and yard) and unsafe (river and pond) sources (Table 3). Nonetheless, the
increased prevalence of stomach ulcers in surveyed communities might result from an
irregular diet, drinking less water, and stress-related factors (Shamsuddeen et al., 2009).
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Dengue and chikungunya fever are rapidly spreading viral diseases that are very common
among the studied population (Fig. 2). Stagnant water in urban areas and poor waste
management create potential breeding grounds for mosquitoes and other disease-carrying
vectors, increasing the risk of dengue and chikungunya fever. They spread because the
vectors breed in water bodies close to where the surveyed people are living. Though not
regarded as a water-related illness, respiratory problems (tuberculosis, pneumonia) in the
surveyed communities are found in a percentage of 5.4, corresponding to 9.4 percent of
the population in metropolitan areas (BBS, 2017). While skin problems are quite
prevalent among the examined populations (12.6%), their prevalence is still lower (2.4%
in the metropolitan area), according to the BBS report (2017). Many interviewees (FGDs)
affirmed having skin issues because of their engagement in water-related household
activities and regular exposure to river water, in line with similar findings from the works
of Halder and Islam (2015), Hanif et al. (2020), etc. This type of skin problem occurs
when hazardous substances accumulate in the body because of the disposal of textile dyes
in the surrounding river (Ahmed et al., 2005) and contaminated groundwater through
infiltration (Nishat et al., 2001; Motlagh, 2013; Mohiuddin, 2019). Another prevalent
condition in the populations under study is malnutrition (18.2%). Malnutrition can also
aggravate the risks of other diseases caused by water pollution. Priiss-Ustiin et al. (2008)
claimed that consuming contaminated water and exercising poor hygiene might lead to
persistent diarrhea and other infectious diseases, ultimately contributing to malnutrition.

Implications of adopted theory into study findings: The adopted theory, however,
suggests that the interaction of three factors- habitat, population, and behavior, often
affects disease prevalence (Meade and Emch, 2010). Hence, the study aims to
comprehend how host-pathogen interactions in urban environments with various types of
water sources affect the occurrence and spread of diseases.

The adopted disease ecology framework views the studied communities as the potential
hosts of the disease, where the people's susceptibility or resistance to diseases is
influenced by their age, sex, modalities of work, etc. Females are revealed to be more
susceptible to some illnesses than males due to their differing roles in domestic tasks
involving water. Alternatively, the most active age group (26-35 yr) of the studied
communities, primarily in charge of water-related household activities, continues to have
the highest rate (27.6%) of disease occurrence. The water resources (Fig. 1) on which the
communities under study rely for their daily water needs and the quality, availability, and
cost of these services are all considered habitats. The study communities' disease
occurrence has remained relatively high and linked with supplied and surface water
(Table 3). Water from these sources may contain harmful substances or microbes,
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exposing the community to diseases like diarrhea, dysentery, cholera, jaundice, typhoid,
etc. Disease ecology theory also recognizes the role of human behavior and water-related
activities in disease transmission. Human behavior, which includes household-level
hygiene practices, water collection, water storage, water handling practices, waste
disposal practices, etc., can contaminate water and cause the spread of diseases that are
transmitted through water. However, further research and analysis require a
comprehensive understanding of disease ecology and its relationship with urban water
SOUrces.

Conclusion

Water and health are intricately interconnected, and this exploratory study from urban
Bangladesh sheds light on the challenges communities face in accessing clean and safe
water. Safe water supplies free from microbes, parasites, and chemical or physical
contaminants are essential to sustainably growing cities and citizens’ well-being, as
ignorance of extending water services to millions of people plays a crucial role in
underpinning health. By prioritizing easy accessibility and ensuring its quality, we can
pave the way toward healthier and more sustainable urban communities in Bangladesh
and beyond. An expanded water intervention program by the Government and NGOs to
ensure a satisfactory level of safe water supply can effectively ensure good health.
However, future studies are urged to focus on aspects other than water quality, such as
household-level sanitation and hygiene practices, the quantity of water for drinking and
household uses, water storage and treatment practices to acquire a greater knowledge of
how diseases arise, like the issues addressed in Goal 6 of Agenda 2030 of drinking water,
sanitation, and hygiene.
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Abstract

Remote sensing and Geographic Information Systems (GIS) are essential tools in
determining the spatiotemporal extent of Landuse, and Land Cover (LULC) changes, as
well as a variety of individual concerns, such as annual and seasonal changes in LULC
caused by human interferences and interactions between the physical environment,
cultural context, and anthropogenic factors. This study focuses on the LULC change of
Sonadia Island, and it uses multi-temporal Landsat imagery from 1990 through 2020. The
output analysis revealed four sub-features: mudflats, vegetation, open space, and water
bodies. Vegetation cover decreased from 1486.71 hectares in 1990 to 986.13 hectares in
2000, and in 2020, the total area covered by vegetation increased significantly, reaching
1186.47 hectares, up from 497.97 hectares in 2010. Open space increased from 317.16
hectares in 1990 to 510.75 hectares in 2000. The net area expanded to 631.98 hectares in
2010 and then lost to 421.29 hectares in 2020. There was a consistent increase in the
mudflats section from 1990 to 2010, when the amounts were 491.4 and 1179 hectares,
respectively. By 2020, the area extent decreased to 796.41 hectares. From 1990 to 2000,
the waterbody declined from 305.46 to 262.17 hectares, then slightly increased to 291.78
hectares in 2010, and then shrank again to 196.56 hectares in 2020. Therefore, this study
could help policymakers decide on future landscape planning and evaluate Sonadia
Island's current condition for long-term coastal management.

Keywords: LULC change, Remote sensing, GIS, Landsat, Coastal management.

Introduction

Land use denotes any anthropogenic activities or economic purpose linked with a specific
piece of land. In contrast, land cover pertains to the features on the earth's surface
(Lillesand and Kiefer, 2000). Land use and land cover are the most widely used
techniques in geospatial analysis. Dynamic processes, land change matrices, and facts
have all been identified using this change-based research. Land cover refers to the
biophysical state of the earth's surface, which comprises soil, vegetation cover, water
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bodies, and other physical features (Liping et al., 2018). Land use is a method by which
we can get maximum advantages in multiple types of activities, such as agriculture,
habitations, industries, forestation, etc., through systematic land-use planning. This
process is imperative for such development works strongly associated with a particular
region's socio-economical outgrowth and to protect that region from environmental and
ecological degradation (Islam et al., 2011).

Sonadia Island at Moheshkhali of Cox’s Bazar district is located in the southeastern
coastal region of Bangladesh with partial regular inundations by saline water. The island
includes coastal and mangrove plantations, salt production fields, shrimp culture farms,
plain agriculture lands, human settlements, etc. The ecosystem of this island was affected
due to the accelerating rate of anthropogenic interceptions. To protect the ecosystem of
this island, it was declared an Ecologically Critical Area (ECA) in 1999 under a section
of the Bangladesh Environment Conservation Act, 1995 (MoEF, 2015). ECAs are
ecologically designated areas or ecosystems influenced by human activities (Arefin ef al.,
2017). Bangladesh's coastal regions are a well-known cyclonic path subjected to strong
cyclonic winds, storm surges, and tidal waves for many years, originating in the Bay of
Bengal. Since 1820, cyclones have killed an estimated one million people in Bangladesh
(Talukder et al., 1992), and the after-effects of these natural hazards include loss of
human life, crops, and houses, pollution of the drinking water due to the inundation of
land and ponds by saline water (Islam et al., 2011). Sonadia Island has gone through
profound changes because the Government required to make it a digital island with
seventeen projects, which include three power plants, four gas pipelines, two LNG
terminals, five economic zones, one regional highway, and one eco-tourism park along
with IT park (Mollah et al., 2021). Remote sensing and GIS techniques are becoming
some of the most useful and prominent analytical tools for resource planners and
managers (FAO, 1988), as they interlink spatial and attribute data for outputs in the form
of maps, tables, and figures (Hossain et al., 2007). Therefore, the study focuses on
detailed land cover and land-use transformations in Sonadia Island to find information
about pre-existing land-use patterns and spatio-temporal land-use changes in land use
over 30 years utilizing GIS and RS techniques.

Sonadia Island is located at 21°N and 91°E in Bangladesh's far southeastern edge, a few
kilometers north of Teknaf Peninsula, north-west of Cox's Bazar town, and is delimited
on the west and east by the Bay of Bengal (Fig. 1) (Arefin et al., 2017). The Moheshkhali
Channel separates Sonadia Island from the mainland, while the Bara Channel separates it
from Moheshkhali Island. The soil in this area is made up of various proportions of sand
and clay. The soil in the north is clayey, and it is flooded by the sea. The land in the
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southern half of the island is almost entirely sandy (DoE, 1999). The island as a whole
has a mild climate with significant humidity. Summer starts in March and lasts until the
beginning of June. Sonadia Island is a low-lying barrier island with a gently sloping
altitude range of 0-4 meters (DoE, 1999).

Sonadia Isla

30

nd

o

Legend: Boundary

Fig. 1. Sonadia Island in Moheshkhali upazila of Cox’s Bazar district, Bangladesh.

Materials and Methods

Data Acquisition and Image Processing: Table 1 shows the type of data collected from
which sources and the key information needed to understand the data acquisition clearly.
After data collection, the images were processed in ArcMap 10.8, which included layer
stacking and research area clipping through the shape file.

Development of Classification Scheme (Supervised Classification): The maximum
likelihood classification mechanism was implemented for image interpretation. In
supervised classification, sample pixels from images that are characteristics of specific
classes are picked. Then, image processing software (ArcMap 10.8) is used to classify all
other pixels in the image using these training sites as references.

Production of Initial Land Cover Map (Post-processing): After completing all the
required steps, the acquired maps have been produced by ArcMap 10.8. The statistical
analysis and graphs of different land classes of the images have been prepared with the
help of Microsoft Excel.
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Table 1. Landsat data acquisition details were used in the study.

Satellite ID Path/Row Acquisition date Spatial resolution
Landsat 5 136/45 16-1-1990 30 m
Landsat 5 136/45 28-1-2000 30 m
Landsat 5 136/45 23-1-2010 30m
Landsat 8 136/45 19-1-2020 30 m

Source: (earthexplorer.usgs.gov)

Accuracy Assessment: For image accuracy, the Kappa coefficient and overall accuracy,
including individual user and producer accuracy of each class, have been assessed (Table
2 and Table 3).

Table 2. Image accuracy assessment.

Category Formula

Overall Accuracy (Total number of correctly classified pixels/ Total Number of
reference pixels) *100%

User Accuracy {Number of correctly classified pixels in each category/ Total Number
of reference pixels in that category (The Row Total)} * 100%

Producer Accuracy {Number of correctly classified pixels in each category/ Total Number
of reference pixels in that category (The Column Total)} * 100%

Kappa Coefficient (T) {(TS *TCS) —% (Column Total * Row Total)} / {TS* T (Column
Total * Row Total)} *100%

Table 3. Image accuracy assessment results for LULC classification of the Sonadia Island.

Feature classes User (%) Producer (%) Overall Kappa
1990 2000 2010 2020 1990 2000 2010 2020 aci},‘/z;'cy °°Efﬁ(°‘,i/:;“ M
Mixed vegetation 80 100 875 100 80 857 100 100 92 89.2
Open space 100 875 100 100 833 100 100 100  92.3 89.7
Water body 100 100 100 100 100 100 875 918 962 98.3
Mudflats 88.8 833 888 888 100 833 100 100 96.9 95.8

Area Calculation and Spatio-Temporal Change Detection: Following the creation of the
initial land cover map, the area was measured using ArcMapl0.8 to detect spatio-

temporal changes.
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Results and Discussion

The land use land cover distribution maps, acquired from the Landsat images analysis,
are described below. Four different land classes have been identified from the images,
and each color symbolizes the distribution of the area of each classified LULC, which is
for four distinct periods (1990, 2000, 2010, 2020) outlined in the subsequent segment in a
regulated way.

Landuse/ Land cover classification

Land class (1): Mixed vegetation: Sonadia Island is mostly covered with mangroves and
coastal forest, which contains diverse vegetation, Jhau trees, and hilly forests. Sonadia
Island's natural safeguard against cyclonic wind and storm surges is the mangrove forest,
which is largely found in the southwestern half of the island. This class is critical for the
coastal ecology and, more importantly, for protecting people and property in the area
from cyclones and tidal surges. Again, the hilly forest, Jhau trees, and mixed vegetation
are essential for the local communities, as they protect the topsoil from the impact of
raindrops and add organic matter to the soil. Besides, they rely on the forest for many of
their daily needs, e.g., fuel, wood, fodder, etc.

Land class (2): Open space: The sections of vacant segments not used for any purpose
are called open spaces, including sand beaches, dunes, and salt fields.

Land class (3): Mudflats: Mud flats constitute the upper zone of tidal flats, depositional
processes being dominated by the fallout of suspended sediment comprising sortable silts,
flocs, and aggregates (Chang ef al., 2007; Flemming, 2012). Mudflats, or tidal flats, are
coastal wetlands formed on sheltered shores where the rivers or tides can deposit greater
sediments (silt, clay, and detritus). These form in areas where tides or rivers have
deposited sediments. As rivers and numerous streams are present in Sonadia and bounded
by the Bay of Bengal in the west, east, and south, this island has its fair share of mudflats.

Land Class (4): Water Body: Small wetlands, ponds, and lagoons are examples of
intertidal zones delineated by water bodies. This stretch's northwestern and northeastern
parts, which are mostly exposed to storm surges, include intertidal flat deposits.

Fig. 2 depicts the distribution of land cover for the study area in 1990. The map clearly
shows that there was a significant amount of vegetation present throughout the area. The
most prevalent land cover types then were vegetation cover and mudflats. The
distribution of the study area's land cover in 2000 is shown in Fig. 3. The map showed
that the area's substantial amount of vegetation, which was present throughout 1990, had
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decreased, and the number of mudflats emerged in the vicinity with the decline of
vegetation cover. Mudflats and open spaces were the two predominant land cover types at
the time. Figure 4 illustrates how the study area's land cover was distributed in 2010. The
map reflects that between 1990 and 2000, the area's substantial extent of vegetation cover
had declined. Around that area where the vegetation decreased, the number of mudflats
also expanded. The two most prominent land cover types at that time were mudflats and
open spaces. The distribution of land cover for the study area in 2020 is represented in
Fig. 5.

Fig. 2. Land Cover Map of Sonadia Island, Fig. 3. Land Cover Map of Sonadia Island,
1990. 2000.

The map made it apparent that the significant decrease in vegetation cover that had been

observed in previous years had dramatically reversed. Along with increased vegetation
volume, there was obvious evidence of a decline in mudflats and water bodies. At that
time, vegetation and mudflats were the most prevalent land cover types.

Changes in areal extent of LULC: The distribution of LULC extent of Sonadia Island
from 1990 to 2020 is represented as a data table in acres so that we can study the pattern
of changes in the LULC over time (Table 4). According to the analysis, the total quantity
of land on Sonadia Island was estimated to be above 6000 acres.

The total area covered by vegetation decreased from 1486.71 hectares in 1990 to 986.13
hectares in 2000. Compared to 2020, the entire area covered by vegetation increased
significantly, reaching 1186.47 hectares, from 2010, when it was substantially reduced to
497.97 hectares. 2000, there were 510.75 hectares of open space, up from 317.16 hectares
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in 1990. The size increased to 631.98 hectares in 2010 and then declined to 421.29
hectares in 2020. In the mudflats section, there was a consistent increase from 1990 to

2000 and 2010, when the extents were 491.4,

841.68, and 1179 hectares, respectively; by

2020, the extent reduced to 796.41 hectares. From 1990 to 2000, the waterbody declined
again, from 305.46 to 262.17 hectares, then somewhat increased to 291.78 hectares, and

then again reduced to 196.56 hectares.
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Fig 4. Land Cover Map of Sonadia Island,
2010.

Table 4. Spatio-temporal variations in areal
between 1990 and 2020.
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Fig S. Land Cover Map of Sonadia Island,
2020.

extent of LULC Change of Sonadia Island

Year Mixed Open space Mudflats  Water body  Grand total
vegetation (ha) (ha) (ha) (ha) (ha)
1990 1486.71 317.16 491.4 305.46 2600.73
2000 986.13 510.75 841.68 262.17 2600.73
2010 497.97 631.98 1179 291.78 2600.73
2020 1186.47 421.29 796.41 196.56 2600.73

The hypothesis of the analyzed LULC change of Sonadia island: Driving forces

influencing the changes

Vegetation Vs. Mudflats: It can be seen from the trend analysis graph of vegetation and

mudflats that there is an inverse relationship between mudflats and vegetation coverage
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of Sonadia Island from 1990 to 2020 (Table 4). There was a significant increase in
mudflat coverage from 1990 to 2010 but a significant decrease in mixed vegetation
coverage from 1999 to 2010.

The island area has lost its natural complexity due to human intervention, such as
extensive and illegal deforestation and slope modification, unplanned settlement
development, and crop cultivation on adjacent lands (Islam ez al., 2011). On the other
hand, Sonadia Island's mangrove forest has been infringed upon, primarily for shrimp
aquaculture. Mangroves, which generally inhabit mudflats during their early stages of
formation, live in the emerging tidal mudflats. It can be hypothesized from the analysis
that, even though locals have come to rely on the forest for many household necessities
like firewood, housing materials, and boat-building materials, as well as herbal plants for
traditional remedies and other minor items, mixed vegetation coverage has decreased
between 2000 and 2010. The extent of vegetation in 2010 was at its lowest level, as
shown in the trend analysis graph. Extremely Severe Cyclonic Storm Sidr, struck Sonadia
Island in 2007, causing damage to the island's infrastructure. From 1990 to 2010, the
expansion of mudflats may be due to increased local economic activities like shrimp
cultivation, salt farming, and watermelon farming. The overall percentage of mangroves
in the Sonadia Island region has been rising recently as a result of newly developed
mangrove forests along the eastern and western coasts, as well as the plantation of
mangrove trees by the Forest Department and locals as they become aware of the
significance of protecting their property (Hossain et al., 2023). The expansion of
vegetation cover in certain areas is a time-consuming process. After 2010, the Forest
Department and the Ministry of Environment and Forest (MoEF) launched an
afforestation program, resulting in a substantial increase in vegetation coverage in 2020,
and at the same time, mudflat coverage dropped substantially. As a result, the vegetation
and the mudflats have an asymmetric connection. Mudflat coverage expanded
significantly as vegetation coverage fell. Again, mixed vegetation coverage rose
disproportionately as mudflats coverage decreased. Thus, it is apparent from the trend
analysis of the hypothesis mentioned above that changes in open space and an increase in
mudflats resulted from a drastic decline in vegetation and water bodies.

Open Space: The open space segment consistently increased from 1990 to 2010, with
317.16, 570.15, and 631.98 hectares, respectively. Then it reduced to 421.29 hectares in
2020. However, effective coastal afforestation initiatives, particularly from 2000 to 2017
(Abdullah et al., 2019), led to a gradual increase in vegetation, impacting the extent of
the island's open spaces in 2020. The significant change in the open space segment (Table
4) is attributable to Sonadia Island's limited land use diversity. The soil texture in this
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area contains a sizable amount of sand (DoE, 1999). Since there is a lot of saltwater
intrusion, this land is unsuitable for farming.

Water Body: This section of the trend analysis graph (Table 4) depicts that water body
coverage continues to shrink. Due to anthropogenic activity and excessive use of
freshwater body features such as small wetlands, ponds, and lagoons, the volume of water
bodies has reduced. Anthropogenic interferences also contribute to the pollution of
certain freshwater bodies.

Conclusions

The current study uses remote sensing and GIS methods to depict spatio-temporal
changes in land use and land cover over a thirty-year period. Four sub-features, including
vegetation, open spaces, mudflats, and water bodies, were identified on Sonadia Island.
The key land classes that have significantly altered during the last thirty years include
vegetation, open space, mudflats, and water bodies. Knowing the island's various land
cover classes is necessary to assess and carry out effective land-use planning for any
development or improvement project on Sonadia Island.
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Abstract

The study explores the meandering patterns of the Kabodak River and investigates the
relationship among geometric aspects like sinuosity, width, amplitude, radius of
curvature, and wavelength. The variables like basin area, river length, and longitudinal
profile were measured, and the geometric aspects such as sinuosity, radius of curvature,
meander wavelength, and meander amplitude were interpreted and calculated using
Google Earth Pro and ArcGIS 10.5. With the aid of the software SPSS and unscrambler
X, the relationship among the geometrical aspects was examined. Besides, different
meander patterns have been identified by analyzing the meander form. The result reveals
that the upper and lower parts of Kabodak appear more sinuous than the middle. Nodal
patterns in river sections vary, with the upper and lower sections experiencing increased
sinuosity due to lower gradients, reduced flow, and blockage. In contrast, the middle
section exhibits less sinuous characteristics because of neotectonics upliftment. Among
the variables, meander wavelength, amplitude, and radius of curvature have weak
positive correlations between and among them, except for the wavelength-amplitude
relation. The relationship between wavelength and amplitude is inversely proportional.
The variable width appears non-responsive with other variables, which makes sense as
the river's width is already structuralized due to human interference. Theoretically, the
Kabodak River's meandering pattern deviated from other meandering river studies due to
human interference. Similar types of work on other meander rivers of the delta may be
explored to see if the result corroborates. Besides, the effect of human intervention on
meandering patterns and morphological processes needs further study.

Keywords: Meander, Kabodak river, Sinuosity, Longitudinal profile, Geometric aspects.

Introduction

Though a common sight in a deltaic environment, Meander rivers may also occur in other
parts of Bangladesh (Bagchi, 1944; Chowdhury, 1959). Because of its winding nature, it
appears sinuous when seen from the sky. Such a unique plan-view is deeply connected
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with a wide range of human activities like economic, ecological, environmental, and
cultural activities (Alam et al., 2022). In densely populated parts of the world, humans
use river courses for habitation and livelihood (Kusratmoko, 2017; Kusratmoko et al.,
2019). Therefore, managing the functions of the rivers is essentially linked with the
welfare of the population living along the river. In nature, the river bends due to
numerous independent factors, like geology, climate, gradient, and time. (Montgomery,
1999; Schumm, 1967; Hogan and Luzi, 2010). These factors, again, are linked with the
dependent variables, like river discharge, vegetation, hydraulic characteristics, and
sediment transport (Buffington et al., 2003; Montgomery and Buffington, 1993). The
meandering rivers constantly change their banking because of this interaction between
independent and dependent variables. In the short term, the gradient, energy (water
discharge), and matter (sediment transport) affect the shape of a meander river channel.
However, Church and Ferguson (2015) note that these variables' interactions typically
serve as their guides.

The formation and persistence of river meanders have intrigued multiple scientific
disciplines, including geomorphology, fluid dynamics, sedimentology, mathematics, and
engineering. As a result, several theoretical frameworks have been put forward in the
extended scholarly literature to provide a comprehensive understanding of the
phenomenon of meandering (Morisawa, 1968; Leopold et al., 1964). While
disagreements persist regarding the classification and identification of meanders, some
commonalities shed light on the mechanisms driving meander development. Early
attempts to quantify meander processes identified consistent geometric ratios, such as the
relationship between radius of curvature, meander length, and channel width (Thorne
et al., 1997). The relationships between meander length, channel width, and curvature
radius are independent of bed and bank materials and connected to an unspecified
mechanical principle (Knighton, 1977). The ratio of curvature to channel width is crucial
for understanding flow resistance and offers insights into why channels of different sizes
exhibit similar geometric patterns (Leopold and Wolman, 1960; Dury, 1970). Scientists
developed statistical models rooted in heuristic reasoning, treating meanders as a type of
random walk aimed at minimizing changes in flow direction through in-depth, velocity,
and slope adjustments. However, while valuable for understanding large-scale meander
patterns, these models do not fully predict the intricate details of meander evolution
(Komatsu and Baker, 1994; Schumm and Khan, 1972).
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Despite the abundance of scholarly literature on the subject matter, several academics
have agreed that a comprehensive and satisfactory explanation for meandering remains
elusive (Leopold et al., 1964; King, 1966; Morisawa, 1968). The Gulf Stream and other
streams characterized by straight sections with meandering thalwegs, sediment-free
streams situated on glacial ice, and sediment-free streams located on solid rock
formations much above base level all show meander patterns. This observation implies
that natural streams have an inherent tendency to meander (Knighton, 1972; Zhang et al.,
2008). Therefore, sediment's role in erosion, transportation, and deposition during the
creation and migration of meanders is mostly secondary (Leopold et al., 1964; Davis,
1913). In Bangladesh, meandering rivers are common regarding availability, followed by
braided rivers and linear channels (Chowdhury, 1959). In his 1959 work 'Morphological
Analysis of the Bengal Basin,' Chowdhury covers both parts of Bengal, encompassing a
wide range of studies that delve into the erosional, depositional, and transportation
activities of the Bengal rivers (Rob, 1989). The greater floodplains and the Ganges
deltaic plains are low-lying, and valley gradients are low; thus, channel meanders occur
quickly (Banglapedia, 2015). Furthermore, a second arc on the perimeter of the simple
loop gradually forms to create compound loops (Brice, 1974). Over time, each meander
slowly grows to greater and greater size, increasing in arc and radius, until the neck of a
valley-side spur or a floodplain lobe is narrowed and worn through (Schumm, 1963).

Knowledge about meandering rivers is essential, as many economic activities are
associated with these rivers. Learning about the nature and behavioral pattern of the
meandering river will help in river management. The researchers chose the Kabodak
River as a case study because of its unique characteristics. The river flows through a
moribund delta, a mature delta, and terminates near a tidally active deltaic region. This
makes it an ideal river for investigating the process of meander formation (Fig. 1). The
Kabodak River originated from the Mathabhanga River and disconnected from its source
in the Chuadanga district (Banglapedia, 2021). The river flows through the Jhenaidah,
Jessore, Satkhira, and Khulna districts and finally meets the Shibsha River at Paikgacha
upazila in the Khulna district. Along the whole length of the Kabodak River, it exhibits
different subsurface lithologic conditions and hydrogeomorphologic settings. The
objective is to identify the meandering patterns of the different parts of the Kabodak
River and investigate the relationship among geometric aspects like sinuosity, width,
amplitude, radius of curvature, and wavelength.
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Fig. 1. The Kabodak river.
Complied by the authors, 2023.

In this study, the Kabodak River of Bangladesh is selected to measure the types and
number of meander patterns developed by the river and the relationship among the
geometric aspects like width, amplitude, radius of curvature, and wavelength. The
specific activities carried out as a part of this study are summarized below:

Identification and delineation of the Basin area of the Kabodak River: The study
uses high-resolution DEM data downloaded from USGS (2019) to identify and delineate
the river basin. Then, the study computes the flow direction with the Flow Direction tool.
To find the contributing area, we used a flow accumulation threshold. The output is a
raster displaying the delineated watersheds for the Kabodak River.
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Measurement of the River Length: The Kabodak River's length was determined using
Landsat OLI images. To pinpoint the precise initiation and termination points of the
Kabodak River, a reference was made to Banglapedia 2021. Subsequently, a transect was
drawn across the middle section of the Kabodak River, and the river length was measured
accordingly.

Drawing the longitudinal profile: The river's geometric attributes were extracted from
the Digital Elevation Model (DEM) dataset. This involved identifying and delineating the
thalweg line, which corresponds to the river's lowest point. To obtain the longitudinal
profile of the Kabodak River, the elevation profile tool was utilized. This tool facilitated
the generation of a comprehensive representation of the river's elevation changes along its

entire course. (Fig. 2).
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Fig. 2. Longitudinal profile of the Kabodak river, 2023.
Source: Compiled by the authors, 2023)

Measuring geometric aspects of the meander: Sinuosity, width, amplitude, radius of
curvature, and wavelength are quantified as geometric aspects (Fig. 3). sinuosity was
calculated as the along-channel distance divided by the Euclidian distance per bend and
meander. Using the ruler tool in Google Earth Pro, the channel length is measured from
the centerlines. In the wet season, meander width is measured in Google Earth Pro by
measuring from bank to bank. The meander amplitude was calculated as the highest
normal distance of the channel position from the meander belt centerline as defined by
the inflection points. The radius of curvature was determined from the meander belt
centerlines using Google Earth Pro's ruler "circle” tool, and the meander wavelength was
estimated using the centerlines of two sequential meander bends. Finally, the relationship
among geometric aspects is measured using the SPSS and unscrambler X software.
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Amplitude

Assessing meander pattern: Based on the meander node and complexity, the authors of
this paper divided the shapes into four major groups (Fig. 4).
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Fig. 4. Complex Shape of Meander Bend of Kabodak River.
Compiled by the authors, 2023.
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Results

Basin area and length of the Kabodak River: The orientation of the river is north-south
directed. The current measurement of the river's entire length is around 262.5 km, while
the basin area of the Kabodak River is roughly 2,918.67 square kilometers.

The Kabodak River now relies mainly on channeling its tributaries for its flow. The first-
order stream within the Kabodak river basin (Fig. 5) has accounted for the highest
proportion of contribution, namely 50.24%. The subsequent notable contribution is
derived from the 2nd Order stream, which accounts for 24.88% of the total. The third-
order stream accounts for 10.14% of the total contribution, while the fourth-order stream
exhibits the lowest contribution at 6.28%. The contribution exhibits a reduction of 8.45%
in the fifth-order stream. This implies that this river's primary water source is derived
mainly from smaller tributaries. Fig. 5 demonstrates that the middle part has the greatest
quantity of order streams.

On the contrary, the upper part exhibits a shortage of primary and secondary streams,
leading to an exceedingly sinuous configuration due to diminished energy levels. In
addition, a substantial quantity of first-order streams in the middle part of the river
contributes to its heightened flow rate relative to other segments. The lower part of the
river is situated inside a region characterized by tidal activity, resulting in partial flow
from backwash water that aids in the river's continuation.

Longitudinal Profile of the Kabodak River

The sinuosity of a river is contingent upon its gradient. The longitudinal profile of the
Kabodak River provides an overview of the gradient decline pattern seen along the whole
river. The depiction of the upper, middle, and lower sections of the Kabodak River (Fig.
2) is based on the observed gradient decline. Upon analysis of the comprehensive profile
of the Kabodak River, it is evident that the river exhibits a consistent downward trend,
except for a notable deviation in the middle part. The upper part of the graph depicts a
state of equilibrium, but notably, the central part exhibits erratic fluctuations, suggesting
an unstable state inside this interval. This fluctuating state reaches a peak elevation of
around 7.6 meters above sea level and then descends towards sea level. The data exhibits
significant fluctuations. The underlying cause of this precarious state may be attributed to
indistinct refraction close to Jhikargacha. Also, near the midpoint of the lower part, it
eroded below sea level (-4.27 meters) because of extensive bed scouring during high
flood incidence in 2000 and 2011.



156 Tahsin and Alam

88°15'0'E 88°30'0"E 88°45'0'E 89°0'0"E 89°15'0"E 89°30'0'E
1 1 1 1 1

Stream Ordering of the Kabodak River

T T 1 L)
22°45'0"N 23°0'0"N 23°15'0"N 23°30'0"N

1
22°30'0'N

Legend
’ 1st Order Stream
’ 2nd Order Stream

’ 3rd Order Stream

)
22°15'0"N

4th Order Stream
ca |
’ 5th Order Stream 10 20 £
:I Basin Area R -é

Fig. 5. Stream order map in Kabodak river basin, 2023.
Compiled by the authors, 2023.

This river's lower reach is tidal and exposed to heavy siltation, thus covering lower
gradients and a high sinuosity ratio. On the other hand, the lower part has a sinuosity of
2.34, whereas the sinuosity of the whole river is 2.32. The central part would follow the
same sinuosity trend if the middle part didn't face the fault line.
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Sinuosity Ratio of Kabodak River: 2.32;
Sinuosity Ratio of the Upper part: 3.18;
Sinuosity Ratio of Middle part: 1.66;

The Sinuosity Ratio of the Lower part is 2.34.

The complex shape of the meander bend of the Kabodak River

The present categorization scheme classifies several forms of meander bends based on
the number of nodes and the level of shaping complexity. The intricate formations of the
Kabodak River can be classified into four primary categories (Fig. 4).

This research examines and analyzes 31 meander nodes within the Kabodak River. The
complexity of the structure is attributed to the significant decrease in sedimentation and
water flow originating from the top source. On the other hand, the lower portion is
subject to elevated sedimentation and retrograde discharge due to tidal impacts. The
energy diminishes, forming a lower gradient that gives rise to a complex meander in the
upper section. Likewise, a significant sedimentation process leads to a complicated
meander in the bottom section. Classifying a meander's form involves shape matching,
sinuosity, radius-of-curvature, breadth, amplitude, and wavelength. The meander forms
have been classified into four distinct groups. Thirty-one different shapes and planform
photographs were analyzed to characterize each particular meander. This analysis was
conducted to identify the specific shape type used in the present research, as shown in
Table 1.

Table 1. Different shapes of the meander bend of the Kabodak river.

Node types Upper part Middle part  Lower part

1. Single Node 8 3 4

2. Double Node

3. Double Node Complex Shape

4. Multiple Node Complex Shape
Source: Compiled by the Authors, 2023.

AR, N

0 1
2 0
0 6

Table 1 reflects a visual representation of the variation in meander form along different
river sections. The upper portion of the river exhibits the most complexity in meander
shape (48.39%). In contrast, the middle section displays the lowest diversity (16.13%),
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which may be attributed to the inflow of several tributary streams and a relatively steep
gradient compared to other parts of the river. The complicated structure of the bottom
section is mostly attributed to its low gradient and the backwash effect resulting from the
tidal activity in the area (35.48%).

Relationship among the Geometric Aspects of the Meander Pattern

It's important to know how the four geometric properties (width, radius of curve,
wavelength, and amplitude) relate because any change in one affects the other three
differently. Primary concerns in studying geometric aspects of meandering rivers include
point bar development and concave bank erosion (Harvey, 1988). For example, the
water-holding capacity will decrease as the river's width decreases, just as accretion will
rise in the point bar. In some areas, such as along riverbanks, erosion will accelerate, and
the amplitude is expected to increase. This can be understood better from the
chronological changes of the Kabodak River (Fig. 6). In 1780, the higher river width
exhibited lower sinuosity and amplitude; in contrast, during 2019, with decreasing
width, sinuosity increased, and amplitude widened along the whole length of the river.

For assessing the relationship among the geometric aspects of the Kabodak River, 54
meander bends are counted and analyzed. The relation among and between width-radius
of curvature (A), width-wavelength (B), and width-amplitude (C) are almost non-
responsive as the width of the river has been partly regulated because of human
interferences (Fig. 7). The link between wavelength and radius of curvature (D)
demonstrates a responsive correlation. A positive correlation exists between the
wavelength and the radius of curvature of a river. The research posits that an increase in
the wavelength of the river corresponds to an increase in the radius of curvature. The
result corroborates a similar study undertaken by Dury in 1970. However, as the values of
these two particular meander factors increase, it becomes challenging to forecast the
characteristics of the wavelength accurately.

The correlation between the radius of curvature and amplitude (E) implies a similar
outcome for the relationship between wavelength and radius of curvature (D). An
inverse-proportional connection exists between the wavelength and amplitude (F). An
increase in wavelength results in a reduction in amplitude. Conversely, a decrease in
wavelength will increase amplitude. This relationship applies to all meandering rivers.
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Discussion

The Kabodak River has a meandering pattern with a relatively high sinuosity ratio. The
upper part exhibits the most sinuosity compared to the other two segments. The upper
part of the channel has been disconnected from its main channel, resulting in a lack of
water flow (energy) from the upstream and subsequently causing an increase in the
sinuosity ratio. In contrast, it can be seen that the middle part of the river has the least
sinuosity, having a nearly linear alignment possibly in part due to neotectonics uplift, but
the lowest portion has a meandering pattern resulting from exposure to tidal siltation.

The Kabodak River has a consistent, progressive decrease in its gradient, resulting in a
concave form. The perfect longitudinal profile of a river has a concave contour. The
downstream section of the river is situated close to sea level. The lowest portion of the
area experienced significant erosion below sea level (-4.27 meters) due to considerable
bed scouring caused by heavy flood events in 2000 and 2011 (Tareq, 2016). The factors
contributing to the formation of various meander characteristics include width, radius of
curvature, amplitude, and wavelength. The process of altering the form of the radius of
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curvature, amplitude, and wavelength takes a long time. However, the width of a river
may be rapidly altered due to fluctuations in discharge volume or variations in the
severity of human interference. Significantly, in the case of the Kabodak River, which
has been subjected to human-induced structural interruptions, there is a lack of significant
correlation between its width and the radius of curvature, amplitude, and wavelength.
Types of human interferences responsible for narrowing the valley width are listed in

Table 2.

Table 2. Types of human interferences on river course and their effects in different aspects.

Aspects

Human Interferences

Effects

Geomorphological

Constructions of cross-roads

g_ 3

Encroachment of the river through
building and bridges construction
along and across the river length

i

Agricultural

Extension of agricultural practices
along the river length by landfilling

Biological

Water withdrwal for irrigation
purposes

Narrowing the river width to
save cost hampers rapid
downstream movement.
Increased upstream siltation
Decreased water holding
capacity

Flooding in streams due to
ponding effects

Expedite oxbow lake
formations

Narrowing width and
Altered the natural river

systems as well as the
ecosystem

Source: Compiled by the Authors, 2023
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The relationship between amplitude and wavelength is inversely proportional. The
inverse relationship between wavelength and amplitude holds for all meandering rivers
worldwide. There exists a positive correlation between the radius of curvature in terms of
wavelength and the radius of curvature in terms of amplitude, mainly when the values of
both parameters are low. As values rise, it becomes challenging to ascertain the precise
nature of the link between them. The relationship in question pertains specifically to the
Kabodak River, where the lower section of the river is subject to tidal influence and the
backwater effect. Predicting this relationship for the lower portion of the Kabodak River
presents a challenge.

Based on empirical observations and quantitative measurements, it is evident that the
occurrence of nodal patterns and their intricacy is mainly seen in the upper (48.39%) and
lower sections (35.48%) of the river. However, it is essential to note that the underlying
causes and processes contributing to these phenomena exhibit notable variations. Various
factors influenced the sinuosity of the river in different sections. The river showed
increased sinuosity in the upper and lower parts due to a lower gradient, reduced flow,
and blockage from the source. Conversely, the middle section (16.13%) displayed distinct
characteristics resulting from tectonic upliftment, the influx of energy from numerous
streams of different orders, and the discharge from the Bhairab River located in the
Jessore district.

Conclusion

The Kabodak River, located in the deltaic part, is a deceptively complicated meandering
river. Hydro-geomorphological conditions, along with human interference and
overexploitation of its resources, distinctly shape the river from other meandering rivers.
The relationship among and between geometric characteristics such as width, amplitude,
radius of curvature, wavelength, and patterns is more complicated than in any other
meandering rivers of Bangladesh. Therefore, the management strategy of the Kabodak
River might need a different approach from that of Bangladesh's other meandering rivers.
The true nature and behavioral pattern of three distinct meandering sections are entirely
different, thus necessitating different sets of measures for each section of the river.
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Abstract

A survey was conducted in the farmers’ orchards of 7 coastal districts, namely
Patuakhali, Barguna, Barishal, Khulna, Bhola, Laxmipur, and Noakhali of Bangladesh to
know the abundance of rugose spiraling whitefly on coconut and an experiment
consisting of 5 treatments and an untreated control following RCBD with 3 replications
was also carried out for controlling rugose spiraling whitefly at Patuakhlai Science and
Technology University (PSTU) campus during January to May, 2022. Results revealed
that the highest abundance (23 egg spirals, 34 nymphs, 31 adults per leaflet, respectively)
of rugose spiraling whitefly was found at Khulna, followed by Noakhali (19 egg spirals,
31 nymphs, 27 adults per leaflet, respectively) while the lowest (9 egg spirals, 13
nymphs, 11 adults per leaflet, respectively) was in Patuakhali among 7 coastal districts.
Although all insecticidal treatments (T, = Tyfos 48 EC (Chlorpyrifos) @ 1 ml/L of water,
T,= Caught 10 EC (Cypermethrin) @ 1 ml/L of water, T = Nitro 505 EC (Chlorpyrifos +
Cypermethrin) @ 1 ml/L of water, T,= Fyfanon 57 EC (Malathion) @ 1 ml/L of water,
Ts= Bioclean @ 1 ml/L of water) effectively reduced the different stages of rugose
spiraling whiteflies compared to untreated control, the lowest mean number of egg spirals
(0.00), nymphs (0.11) and adults (0.11) per leaflet were obtained by the application of
Nitro 505EC @ 1 ml/L of water followed by Bioclean @ 1 ml/L of water at 3 DAS. The
highest percent reduction of egg spirals (100%), nymph (98.82%), and adult (98.79%) of
whitefly population over control were also obtained by the application of Nitro 505EC @
1 ml/L of water followed by Bioclean @ 1 ml/l of water at 3 DAS. These two chemicals
were found to be very effective for controlling rugose spiraling whiteflies. Considering
environmental safety, Bioclean @ 1 ml/L of water is recommended to use against this
pest as an eco-friendly approach for safe food production.

Keywords: Abundance, coconut, control, rugose spiraling whitefly, Aleurodicus rugioperculatus

Introduction

Coconut palm, Cocos nucifera L. (Arecales: Arecaceae), is now widely grown throughout
tropical regions of the world, including Brazil (Omena et al., 2012), coastal areas of
Bangladesh, and is recognized as an essential source of income for coconut growers.
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Coconut is a fruit of high economic value due to its diversified utilization, which covers
0.65% of Bangladesh's total cultivated lands for fruit crops. About 80% of the country's
total production of coconut is contributed by the country's southern areas (BBS, 2011).
The national yield of coconut has been estimated at an average of 51 kg/fruit-bearing
tree/year with a total production of 3,83,833 MT/year from an area of 9,152 acres (BBS,
2016). But coconut production is enormously hindered by the ravages of various insect
and mite pests from seedling to their maturity. Bangladesh is a humid and subtropical
country favoring the luxuriant growth of different insect species with rich diversity.
Recently, coconut palms have been seen to be seriously affected due to the severe
infestation of an alien invasive crop pest known as the Rugose Spiralling Whitefly,
Aleurodicus rugioperculatus Martin  (Hemiptera: Stemorrhyncha: Aleyrodidae) in
Bangladesh. Martin described this species from Belize in Central America in 2004 based
on puparia collected from the undersurface of coconut leaves (Martin, 2004). These
whitefly species were newly added to the species list of whiteflies in Florida as A.
rugioperculatus Martin, known initially as the gumbo limbo spiraling whitefly. Still, it is
presently named the rugose spiraling whitefly. Foreign species can attain invasive pest
status when they are accidentally introduced to new areas where they are isolated from
their natural enemies and if indigenous beneficial species like predators and /or
parasitoids cannot suppress pest populations (Duan et al., 2015). It is a very destructive
pest that mainly threatens coconut plantations. It causes damage to coconut palms and
other broad-leaved host plants in its native range (Mayer et al., 2010). The pest was first
noticed in Tamil Nadu, Kerala, Karnataka, and Andhra Pradesh in July 2016 (Sundararaj
and Selvaraj, 2017; Karthick et al., 2018). The species caused damage to coconut trees
across vast areas on a large scale and infested other host plants. It cannot kill the host
plant by its infestation. Still, it may hamper the average growth of its host by excreting a
sticky glistering liquid substance called honeydew on which sooty mold grows which
retards photosynthesis. They can cause stress to the host plant by removing nutrients and
water and accelerating the growth of black sooty molds. Ants and wasps are also attracted
to honeydew and protect the whiteflies from their natural enemies (Stocks and Hodges,
2012). There are numerous available insecticides to manage whiteflies, but the technique
of spraying application and site to use the product vary by label (Mannion, 2010).
Sanitation and synthetic chemical control costs can substantially affect homeowners and
businesses (Kumar et al., 2013). Considering the above facts, the present experiment was
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undertaken to determine the abundance of invasive rugose spiraling whiteflies on
coconuts and their control in seven selected southern coastal districts of Bangladesh.

Materials and Methods

Survey on the abundance of rugose spiraling whitefly on coconut in seven southern
coastal districts of Bangladesh

Systematic surveys were carried out in the farmers’ orchards of 7 locations, namely
Patuakhali, Barishal, Barguna, Khulna, Bhola, Laxmipur, and Noakhali districts of
Bangladesh, to know the abundance of rugose spiraling whitefly on coconut during
January to May 2022. Fourteen upazilas, two from each district, were selected as study
areas of the survey. Seven hundred plants were selected randomly for data collection by
taking fifty coconut trees from each upazila. Out of 50, five trees were selected randomly
to observe the abundance of whiteflies (number of egg spirals, nymphs, and adults per 5
leaflets) per frond of a coconut tree.

Evaluation of insecticides for controlling rugose spiraling whitefly on coconut

The experiment was carried out on coconut trees grown in the Patuakhali Science and
Technology University campus, Dumki, Patuakhali, from January to May 2022. The
experiment was laid out in an RCB design with three replications. One tree was treated as
a treatment replication. Five treatments viz., T, = Tyfos 48 EC (Chlorpyrifos) @ 1 ml/L
of water, T,= Caught 10 EC (Cypermethrin) @ 1 ml/L of water, T3 = Nitro 505 EC
(Chlorpyrifos + Cypermethrin) @ 1 ml/L of water, T,= Fyfanon 57 EC (Malathion) @ 1
ml/L of water, Ts= Bioclean @ 1 ml/L of water and T¢ = Control were applied. The
spraying was done with the help of a hand sprayer. The spraying was done on all frond
leaflets by calculating the solution volume required for each treatment. Data on the
number of egg spirals/leaflets, nymphs/leaflets, adults/leaflets, and the presence of sooty
mold encrustation in fronds were recorded at 3, 6, and 9 days after spraying.

Statistical analyses: The data obtained were statistically analyzed to determine the
incidence and control of coconut whiteflies. The mean values of all the characters were
calculated, and analysis of variance was performed using WASP 1.0 (Web Agri Stat
Package) software, and means were separated by CD values.
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Plate 1. Photographs of different treatments applied for controlling rugose spiraling whitefly
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Results and Discussion
Abundance of rugose spiraling whitefly

Number of egg spirals per leaflet: Live egg spirals/leaflet ranged between 9.36 and 23.41
in most of the surveyed locations of coastal districts, while the live egg spirals/leaflet was
less than 10 in Patuakhali district. The highest number of egg spirals per leaflet was
found in the Khulna district (23.41 egg spirals/leaflet), followed by Noakhali (19.31 egg
spirals/leaflet) and Bhola (17.18 egg spirals/leaflet). But the lowest number was in
Patuakhali (9.36 egg spirals/leaflet), followed by Laxmipur (11.23 egg spirals/leaflet),
Barishal (13.24 egg spirals/leaflet) and Barguna (15.16 egg spirals/leaflet) (Fig. 1).
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Fig. 1. Number of rugoses spiraling whitefly egg spirals/leaflets of the coconut tree

Number of nymphs per leaflet: Nymphs/leaflets ranged between 13.41 and 34.17 nymphs
in the surveyed locations of coastal districts, whereas the population was less than 15 in
Patuakhali district. The highest number of nymphs/leaflet was recorded in the Khulna
district (34.17 nymphs/leaflet), followed by Noakhali (31.25 nymphs/leaflet), Bhola
(27.34 nymphs/leaflet) and Barguna (23.28 nymphs/leaflet). In contrast, the lowest
number was in Patuakhali (13.41 nymphs/leaflet), followed by Laxmipur (15.47
nymphs/leaflet) and Barishal (19.16 nymphs/leaflet). (Fig. 2).
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Fig. 2. Number of rugose spiraling whitefly nymphs/leaflet of coconut tree
Number of adults per leaflet:

Number of adults per leaflet: Adults/leaflets ranged between 11.13 and 31.36 in the
surveyed locations of coastal districts, whereas the adult population of the pest was less
than 15 in Patuakhali and Laxmipur districts. The highest number of adults/leaflet was
observed in Khulna district (31.36 adults/leaflet), followed by Noakhali (27.17
adults/leaflet), Bhola (24.29 adults/leaflet) and Barguna (21.34 adults/leaflet) while the
lowest number was in Patuakhali (11.13 adults/leaflet) followed by Laxmipur (14.22
adults/leaflet) and Barishal (16.41 adults/leaflet). (Fig. 3).
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Fig. 3. Several rugose spiraling whitefly adults/leaflets of the coconut tree.
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nymphs (A&B), adults (C), and sooty mold symptoms (D).

Control of rugose spiraling whitefly

Efficacy of insecticides on egg spirals of rugose spiraling whiteflies: The effect of
insecticides on the egg spirals of rugose spiraling whiteflies on different days after
spraying is presented in Table 1. At 3 DAS, no egg spirals were recorded in T; (0.00)
treated leaflets, but the lowest number of egg spirals was found in Ts (0.33) treated
leaflets, which was statistically similar to T; (0.67) and T, (1.00) and T, (1.33) treated
leaflets. The number of egg spirals/leaflets on all insecticidal-treated leaflets differed
significantly from untreated control (Te) leaflets, with the highest number (13.33) of egg
spirals/leaflets recorded.

At 6 DAS, no egg spirals were observed in T3 (0.00) treated leaflets, which was identical
to Ts (0.00), but the lowest number of egg spirals was found in T, (0.33), which was
statistically similar to T, (0.67) and T, (0.33) treated leaflets. The number of egg
spirals/leaflets on all insecticidal-treated leaflets differed significantly from untreated
control (Ts) leaflets, where the highest number (13.97) of egg spirals/leaflets was
recorded.
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At 9 DAS, no egg spirals were found in all treated leaflets, and no significant differences
existed among treatments. However, the number of egg spirals/leaflets on all insecticidal-
treated leaflets differed significantly from untreated control (Tg) leaflets, where the
highest number (15.39) of egg spirals/leaflets was observed.

The highest percent reduction of egg spirals/leaflets was obtained from T; (100%),
followed by Ts (99.23%) and T, (97.68%) treated leaflets, and the lowest was in T,
(95.99%) treated leaflets, followed by T, (96.13%).

Table 1. Efficacy of insecticides on egg spirals of rugose spiraling whiteflies at 3, 6, and 9 days
after spraying

Treatments Mean number of egg spirals/leaflets at Mean % reduction
3DAS 6 DAS 9DAS over control
T, 0.67b (1.05) 0.33b 0.00b 0.33 97.68
(0.88) (0.70)
T, 1.00b (1.18) 0.67b 0.00b 0.57 95.99
(1.05) (0.70)
T3 0.00b 0.00b 0.00b 0.00 100.00
(0.70) (0.70) (0.70)
Ty 1.33b (1.29) 0.33b 0.00b 0.55 96.13
(0.88) (0.70)
Ts 0.33b 0.00b 0.00b 0.11 99.23
(0.88) (0.70) (0.70)
Te 13.33a 13.97a 15.3%a 14.23 -
(3.76) (3.79) (3.94)
CV (%) 18.91 19.74 21.36
CD (at 1%) 1.934 2.150 2.575

DAS = Days after spraying; CD= Critical difference value. Figures in parentheses are transformed
values based on square root transformation, values are averages of 3 replications.

T, = Tyfos 48 EC (Chlorpyrifos) @ 1ml/L of water, T,= Caught 10 EC (Cypermethrin) @ 1 ml/L
of water, T = Nitro 505 EC (Chlorpyrifos + Cypermethrin) @ 1 ml/L of water, T,= Fyfanon 57 EC
(Malathion) @ 1 ml/L of water, Ts= Bioclean @ 1 ml/L of water and T4- Control.

Efficacy of insecticides on nymphs of rugose spiraling whiteflies: The effect of
insecticides on the nymphs of rugose spiraling whiteflies on different days after spraying
is given in Table 2. At 3 DAS, the lowest number of nymphs/leaflets was observed in T
(0.33) treated leaflets, which was identical to Ts (0.33) treated leaflets, followed by T,
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(0.67) and T, (0.67) and T, (1.00) treated leaflets. The number of nymphs/leaflets on all
insecticidal treated leaflets differed significantly from untreated control (Ts) leaflets, with
the highest number (12.00) of nymphs/leaflets recorded.

At 6 DAS, no nymph was observed in T; (0.00) treated leaflets, but the lowest number of
nymph was found in Ts (0.33), which was statistically similar to T, (0.33), T, (0.33) and
T, (0.33) treated leaflets. The number of nymphs/leaflets on all insecticidal treated
leaflets differed significantly from untreated control (Ts) leaflets, with the highest number
(9.64) of nymphs/leaflets recorded.

At 9 DAS, no nymph was found in all treated leaflets, with no significant difference
among treatments. However, the number of nymphs on all insecticidal treated leaflets
differed significantly from untreated control (Tg) leaflets, where the highest number
(6.23) of nymphs/leaflets was observed.

The highest percent reduction of nymphs/leaflet was obtained from T3 (98.82%) treated
leaflets, followed by Ts (97.36%) and T, (96.45%), which was identical to T, (96.45%),
but the lowest was in T, (95.26%) treated leaflets.

Table 2. Efficacy of insecticides on nymph of rugose spiraling whiteflies at 3, 6, and 9 days
after spraying

Treatments  Mean number of nymph/leaflets at Mean % reduction
3DAS 6 DAS 9DAS over control

T, 0.67b (1.05) 0.33b (0.88) 0.00b (0.70) 0.33 96.45

T, 0.67b (0.99) 0.33b (0.88) 0.00b (0.70) 0.33 96.45

T3 0.33b (0.88) 0.00b (0.70) 0.00b (0.70) 0.11 98.82

Ty 1.00b (1.18) 0.33b (0.88) 0.00b (0.70) 0.44 95.26

Ts 0.33b (0.88) 0.33b (0.88) 0.00b (0.70) 0.22 97.36

Te 12.00a (3.60) 9.64a (3.15) 6.23a (2.58) 9.29 -

CV (%) 21.62 21.38 23.21

CD (at 1%) 0.886 0.723 0.670

DAS = Days after spraying; CD= Critical difference value. Figures in parentheses are transformed
values based on square root transformation, values are averages of three replications.

T, = Tyfos 48 EC (Chlorpyrifos) @ 1 ml/L of water, T,= Caught 10 EC (Cypermethrin) @ 1 ml/L
of water, T = Nitro 505 EC (Chlorpyrifos + Cypermethrin) @ 1 ml/L of water, T,= Fyfanon 57 EC
(Malathion) @ 1 ml/L of water, Ts= Bioclean @ 1 ml/L of water and T4- Control.
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Efficacy of insecticides on adult rugose spiraling whiteflies: The effect of insecticides on
the adults of rugose spiraling whiteflies on different days after spraying is presented in
Table 3. At 3 DAS, the lowest number of adults was observed in T3 (0.33) treated
leaflets, which was identical to T, (0.33) and Ts (0.33) treated leaflets, followed by T,
(0.67), which was also similar to T, (0.67) treated leaflets. The number of adult/leaflets
on all insecticidal treated leaflets differed significantly from untreated control (Tg)
leaflets, where the highest number (10.00) of adult/leaflets was recorded.

At 6 DAS, no adult was observed in T3 (0.00) treated leaflets, but the lowest number of
egg spiral was found in Ts (0.33), which was statistically identical and similar to T,
(0.33), T, (0.33), and T, (0.33) treated leaflets. The number of adult/leaflets on all
insecticidal treated leaflets differed significantly from untreated control (Tg) leaflets,
where the highest number (9.24) of adult/leaflets was recorded.

At 9 DAS, no adult was found in all treated leaflets except T, (0.33) treated leaflets, and
there was no significant difference among treatments. However, the number of
adult/leaflets on all insecticidal treated leaflets differed significantly from untreated
control (Ts) leaflets, where the highest number (8.00) of adult/leaflets was observed.

Table 3. Efficacy of insecticides on adult rugose spiraling whiteflies at 3, 6, and 9 days after

spraying

Treatments Mean number of adult/leaflets at Mean % reduction
3DAS 6 DAS 9 DAS over control

T, 0.33b (0.88) 0.33b (0.88)  0.00b (0.70) 0.22 97.58

T, 0.67b (0.99) 0.33b (0.88)  0.00b (0.70) 0.33 96.37

Ts 0.33b (0.88) 0.00b (0.70)  0.00b (0.70) 0.11 98.79

Ty 0.67b (0.99) 0.33b(0.88)  0.33b (0.88) 0.44 95.15

Ts 0.33b (0.88) 0.33b (0.88)  0.00b (0.70) 0.22 97.58

T 10.00a (3.23) 9.24a(3.08)  8.00a (2.91) 9.08 -

CV (%) 24.19 27.79 18.04

CD (at 1%) 1.151 1.260 0.682

DAS = Days after spraying; CD= Critical difference value. Figures in parenthesis are transformed
values after square root transformation, values are means of 3 replications.

T, = Tyfos 48 EC (Chlorpyrifos) @ 1 ml/L of water, T,= Caught 10 EC (Cypermethrin) @ 1 ml/L
of water, T3 = Nitro 505 EC (Chlorpyrifos + Cypermethrin) @ 1 ml/L of water, T,= Fyfanon 57 EC
(Malathion) @ 1 ml/L of water, Ts= Bioclean @ 1 ml/L of water and T4- Control.
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The highest percent reduction of adult/leaflet was obtained from T; (98.79%) treated
leaflets, followed by Ts (97.58%), which was identical to T, (97.58%), but the lowest was
in T4 (95.15%) treated leaflets followed by T, (96.37%).

There is no available research report on the chemical control of rugose spiraling
whiteflies due to a new invasive coconut pest. Effective control can be achieved using
systemic insecticides in the soil as granular formulations, drenching, burying pellets, or
injection, to the trunk as trunk injection and as basal bark spray, or to the leaf; however,
soil and trunk applications receive the advantage of the systemic properties of these
products and give longer-term control (Mannion, 2010). Quick knockdown of the
whiteflies occurred by spraying contact insecticides on the leaves but will provide only a
few weeks of control. Elango et al. (2021) stated that the population dynamics of a new
invasive whitefly species, A. rugioperculatus, was found throughout the year on coconut
palms. Observations recorded at weekly intervals showed that the whitefly population
accelerated from the first week of July (130.8 nymph/leaf/frond), reaching the maximum
during the first week of October (161.0 nymph/leaf/frond), which gradually declined to a
minimum during April. The agro-climatic conditions of different regions varied, for
which arthropods showed changing trends in their natural incidence and extent of damage
to the crop. Weather parameters did not influence the incidence of rugose spiraling
whiteflies despite its requirement for developing management strategies. In the case of
large trees, there may be some barriers that need to be taken into consideration before
concluding.

First, getting sufficient insecticidal active ingredients or volume to large trees can
sometimes take much work. Second, it is challenging to design a sampling program to get
an accurate representation of the entire infestation of the tree. Third, seasonal leaf
shedding reduces the availability of leaves to the whitefly population, and therefore, it is
impossible to easily link the density of the whitefly population with insecticidal
treatment. Consequently, the efficacy of synthetic chemical insecticides in such a case
demands further investigation. These findings are also supported by Taravati et al.
(2013). Many reported plant species are expected to be incidental hosts that cannot
sustain long-term rugose spiraling whitefly populations and, therefore, need minimal or
no management practices. The prevalence of higher temperature increases metabolic
activities at a faster rate in insects, resulting in a rapid build-up of pest population density
in a shorter period. Likewise, the prevailing of high relative humidity influences the
building up of the insect population. The population of both pests and natural enemies is
reduced due to increasing rainfall, as heavy rains wash out the different life stages of the
pests and natural enemies.
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Conclusion

The abundance of rugose spiraling whitefly was the highest and most severe in Khulna
and Noakhali districts, while the lowest was in Patuakhali among 7 coastal districts. The
application of Nitro 505EC @ 1 ml/L of water and Bioclean @ 1 ml/L of water was
found to be very effective for controlling rugose spiraling whiteflies.
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situated on an elevated, laterally concave, pointed, chalk-white tubercle; anterior row
recurved, anterolaterals slightly larger than the anteromedians; posterior row longer,
posterolaterals situated on the lateral margin. Chelicerae brown, broad, both inner and
outer margins with 1 tooth (Fig. 2b). Maxillae longer than wide, anteriorly wide and
scopulate (Fig. 2c¢). Labium broad, posteriorly flat, anteriorly rounded and scopulate (Fig.
2c). Sternum brown, longer than wide, posteromedially wide, posteriorly pointed, clothed
with fine hairs (Fig. 2d). Legs long and slender, clothed with hairs and spines; leg
formula 1243 and the measurements (in mm) of different leg segments are shown in
Table 1.

Abdomen: Broad, posteriorly wide, narrowing anteriorly; posterior margin with 2 deep

constrictions forming a median rounded concave area; each of antero and posterolateral
margins pointed forming a tetrangular shape; dorsum with few spots; epigyne as in Fig.
le.

Figure 1. Thomisus aruni n. sp. a. Female; b. Male
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05 mm e

Figure 2. Thomisus aruni n. sp. a. Whole body of female (dorsal view);
b. Chelicerae; c. Maxillae & Labium; d. Sternum; e. Epigynum;
f. Male palp

Table 1. Measurements (in mm) of the leg segments of Thomisus aruni n. sp.

Leg Femur Patella Tibia Metatarsus Tarsus Total

| 4.00/4.00 1.80/1.80 2.50/2.50 2.50/2.50 0.90/0.90  11.70/11.70
1 3.90/3.90 1.80/1.80 2.30/2.30 2.00/2.00 0.80/0.80  10.80/10.80
11 1.50/1.50 0.90/0.90 1.00/1.00 1.00/1.00 0.80/0.80 5.20/5.20
v 2.20/2.20 1.00/1.00 1.20/1.20 1.50/1.50 0.80/0.80 6.70/6.70

Male little smaller than female and comparatively darker in colour. Male palp as in Fig. 1f.

Etymology: The species is named after Professor Arun Kumar Das, Department of
Botany, Government Profulla Chandra College, Bagerhat, Bangladesh, who helped in the
collection of specimens.
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Distribution: Bangladesh: Gardens of Agricultural Diploma Institute (ADI), Faridpur and
the rice-fields of district Pirojpur (type- localities).

Remarks: The species T. aruni n. sp. shows the following diagnostic characters:

1. Cervical furrows deep and distinct.

2. abdomen not overhanging the cephalothorax.
3. anterior margin of abdomen straight posteriorly, weakly convex.
4. transverse band on the ocular area of cephalothorax white and
5. much different epigynum.

Discussion

The new species Thomisus aruni n. sp. is a small, unique and brightly coloured crab-
spider. These are found in the gardens and crop-fields of Bangladesh. It shows some
special diagnostic features on the basis of those it is established as a species new to
science. From this study, we can expect that there are some considerable numbers of
endemic species present in the country.

Reports on the study of thomisid spiders in Bangladesh is scarce, except Okuma et al.
(1993), Biswas (2009) and Biswas and Raychaudhuri (2003, 2017). Therefore, a detailed
taxonomic study on these spiders may discover some new species in future.

Moreover, as the new species Thomisus aruni n. sp. is distributed in the gardens and
crop-fields, so, it may be assumed that they must have a predatory role in controlling
insect pests of both these ecosystems (as crab-spiders are good predators of insect pests).
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VEGETATION DYNAMICS OF COASTAL MANGROVE FOREST
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Research Officer, Plantation Trial Unit Division, Bangladesh Forest Research Institute,
Rupatali, Barishal, Bangladesh

Abstract

In the man-made coastal forest, the vegetation dynamics of protected and unprotected
coastal forests have been identified. This study examined and quantified the impacts of
grazing on coastal vegetation. The investigation was conducted between January 2013
and December 2020. In a transect line, fifty-two distinct tree, herb, and shrub species
were found in unprotected coastal areas, and 36 were found in protected areas. After eight
years, the number of saplings (p=0.031), poles (p=0.030), and total (p=0.026) (seedling,
sapling, and pole) regeneration were substantially different between protected and
unprotected areas. The current study found no significant differences in regeneration and
tree density after one and five years of establishing the protected zones. The greatest
number of natural poles were found in protected and unprotected areas from 2017 to
2020. The changes in tree density were considerable (p=0.03) after eight years. From
2014 to 2017, the highest rate of seedling recruitment was 36622 to 43439 individuals
observed in protected and unprotected areas. In protected areas, Excoecaria agallocha L.
and Avicinnia officinalis L. had the most extensive regeneration coverage, and nine
species of seedlings, saplings, and poles were seen in 2013 protected areas. After 8 years,
E. agallocha had a 47.01% while Phoenix paludosa Roxb. had a 30.81% success rate. In
2020, seedlings of Pongamia pinnata L. (6.6%), Herietiera fomes Buch.-Ham. (5.5%), A.
officnalis (5.30%) and the remaining six species were also seen. The species E. agallocha
comprised 69.11% of the trees at Soner Char tree density, followed by Sonneratia
apetala Buch.-Ham. (23.30%), P. paludosa (8.82%), H. fomes (3.43%), and the
remaining two species in 2020. After eight years, the species S. apetala declined by
43.64% and 23.90% in protected and unprotected areas, respectively. The species
Phoenix paludosa, H. fomes, A. officinalis, and Dolichandrone spathacea (L.F) Baill. Ex
K. Schum. was found to replace S. apetala in protected areas. Grazing affects the natural
recruitment stage of saplings and poles and tree stem density in unprotected areas. The
observations assume that S. apetala will diminish due to climatic conditions, and E.
agallocha will become the main dominating species in coastal areas.

Keywords: Vegetation, Soner Char, Char Kashem, Protected area, Tree density, Natural
regeneration, Man-made coastal forest.

Introduction

The coastline of Bangladesh is 710 km long and is associated with various environmental
and production activities (Ahsan, 2013). Bangladesh is a world leader in mangrove and
coastal afforestation. An afforestation program was started in newly accreted charlands
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along the coastal belt in 1966 (Rahman and Pramanik, 2015). Mangrove plantation areas
have increased in Bangladesh daily (Hasan, 2013). The Bangladesh Forest Department
has established approximately 209,140 hectares of coastal plantation in coastal regions,
with mangrove species accounting for more than 93% (DoE, 2015). The actual area under
the coastal plantation now stands at 61,574 hectares due to the plantation's failure and
extermination from natural adversity (BFD and UNDP 2018). Plantations along the coast
are seen as a successful adaptation strategy against the extreme weather events that
climate change is projected to bring about more frequently (Ahammad and Nandy, 2012).
It performs a wide range of beneficial ecological and biophysical tasks, such as
expanding the nation's forest cover, acting as a highly effective carbon sink, trapping
sediment, preventing erosion, stabilizing the land, providing habitat and a breeding
ground for wildlife and fisheries, and enhancing the recreational value of coastal areas
(Uddin et al., 2014; Iftekhar and Islam, 2004; Alongi, 2012; Saintilan et al., 2014;
Krauss et al., 2014; Lee et al., 2014). The coastal man-made forests are a source of
various economic products, including fish, mollusks, crabs, honey, fuelwood, timber, and
thatching materials (Islam and Wahab, 2005). Also, coastal forests are used as pasture
land for buffalo and cattle in Bangladesh. Approximately 0.5 million buffalo and many
cows have been grazing in Bangladesh's artificial coastal forest. (Faruque et al., 1990;
Huqgue and Borghese, 2013).

Forest protection practiced in Bangladesh was introduced by both in situ and ex-situ
conservation methods to maintain the country’s biological diversity (Mukul, 2007). The
Char Kukri-Mukri wildlife sanctuaries in the Bhola district, the Nijhum Dweep National
Park in the Noakhali district, the Kua-Kata eco-park (Fatrar Char), and the Soner Char
wildlife sanctuaries in the Patuakhali district are the coastal forest's protected areas
(Chowdhury and Koike, 2010; Mukul et al., 2017). Forest protection zones are a
powerful and effective tool for preserving the environment and the world's natural
resources for the long term (Mukul, 2007).

In Bangladesh, mangrove afforestation has been ongoing for about 55 years (Hasan,
2013). The forest floors of plantations and surrounding areas contain enormous amounts
of seeds. Any forest ecosystem's natural regeneration is a biological process of
reproduction. The assessment of regeneration is a fundamental tool for detecting the
overall condition of a forest (Wang et al., 2008; Rahman et al., 2019). To assess the
regeneration, vegetation, and tree density of the artificial coastal forest, Islam et al., 2015,
undertook a partial assessment of various islands or char in the coastal regions of
Patuakhali, Bhola, Hatiya, and Chattgram. Before now, no information was available
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regarding long-term observation of protected and unprotected vegetation in coastal
forests.

Additionally, recent grazing is seriously hampering the growth of the artificial coastal
forest (Islam et al., 2013; Miah et al., 2014). For baseline comparisons and to assess the
vegetation dynamics and regeneration condition of these forests, we included unprotected
forests. Our study aims to define tree vegetation change in both protected and unprotected
coastal forest areas. The impact of grazing on coastal forests was also considered. The
current study's findings will likely improve our knowledge of the status of protected
forest vegetation, including how it relates to artificial grazing as common land use.

Materials and Methods

Study sites: The two study sites were under the Rangabali Upazilla. The Rangabali
Upazilla is located in the Patuakhali coastline district of Bangladesh. Both protected and
unprotected man-made coastal forests were chosen as the study areas. Soner Char Wild
Life Sanctuary was the protected coastal forest, and Char Kashem was the unprotected
coastal forest. These two islands had mangrove plantations developed in 1973-1974 and
1975, approximately the same periods, with similar tree diversity. There have been 2377
mm of rain, and the weather is humid (District Statistics, 2011). The soil is non-
calcareous alluvium. The combined actions of the rivers Meghna, Brahmaputra, and
Ganges have influenced the landforms (FAO, 1988; SRDI, 2010). During the monsoon
season, the experiment sites almost experienced ebb and tide. Soner Char and Char
Kashem sites were submerged for nine to twelve months and three to five months.

Soner Char: The Soner Char Wildlife Sanctuary is situated in Bangladesh's Patuakhali
District, near Rangabali Upazila. It is located in the Patuakhali district's most southern
region. Soner Char Wildlife Sanctuary was established in December 2011 and had a
2026.5-hectare forest (Mukul et al., 2016). The IUCN classifies these areas as protected
areas. According to the Vulture Safe Zone-2 Schedule issued by the government of
Bangladesh in 2012, it is one of the safe zones for vultures (BFD, 2020). The Soner Char
Wildlife Sanctuary's soil was non-saline for most of the year in the northern regions, but
it became saline to variable degrees during the dry season. During the rainy season, some
moderately deep flooding occurred in the northeast (IPAC, 2012). It is the floodplain of
the Ganges. The little river and canal that ran through this island group split it into
smaller islands. Soner char inhabits coastal plantation-type forests. The Soner Char
wildlife reserve is located at latitude 21°50-26°30 N and longitude 88°47-90°10 E (IPAC
2012).
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The mangrove plantation began at Soner Char in 1974-1975, covering 7270 hectares
(Char Development and Settlement Project-4 2012). These locations support a
considerable number of weed species. Initial plantings in the Soner char included
Sonneratia apetala and Avicennia officinalis. Later, in 1995, the Bangladesh Forest
Research Institute introduced several significant mangrove species as experimental bases,
including Heritiera fomes, Excoecaria agallocha, Xylocarpus molucencis (Lam) M.
Roem., Xylocarpus granatum J. Koenig., Bruguira sexangula (Lour.) Poir., Aegiceras
corniculatum, Ceriops decandra (Griffith) Ding Hou., and Phoenix paludosa, Lumnitzera
racemosa willd. (Islam et al.,, 2013). Additionally, certain mainland plants were
introduced on an experimental basis on the raised ground of Soner Char Island, including
Thespesia populnea (L.) Sol. Ex Correa. on small mounds, Pithocellobium dulce (Roxb.)
Benth., Samania Saman (Jacq.) Merr., Casuarina equisetifolia L. Acacia nilotica (L.)
Delile and Albizia lebbeck (L.) Benth. (Islam et al., 2014). Most experiments were
successful, and the current plantations' growth performance is impressive (Islam et al.,
2013). Islam et al., (2015), conducted a partial investigation of this island and discovered
the regeneration of A. officinalis, H. fomes (Sundri), E.agallocha (Gewa), X. mekongensis
(Passur), A. corniculatum (Khalshi), P. paludosa (Hantal), Tamarix indica (Nona Jhao).
There are restrictions on this island because it is a wildlife sanctuary, and grazing has not
been allowed after December 2011. This one is safer from anthropogenic disruptions than
other nearby or coastal islands. Generally speaking, this island is home to various wildlife
species, including deer, monkeys, feral buffalo, wild boar, pigs, rats, snakes, and other
creatures. Among the notable bird species are spines, cranes, wild geese, ducks, and
jungle fowl.

Char Kashem: An adjoining island of Rangabali called Char Kashem is divided from the
main island by the Buragauranga River. It is located at latitude 21°52-21°54'18"N and
90°25-90°2748'E. The mangrove plantation at Char Kashem was created over roughly
10,000 hectares during the fiscal years 1973-1974. However, due to soil degradation, the
current mangrove forest is only 4459.5 acres (Ahmed, 2019). This coastal habitat is not
protected. Grazing is permitted for cattle, buffalo, and other animals. Grazing and soil
erosion have seriously disrupted the Char Kashem coastal forest. Eighty-seven
homesteads and 600 people live in Char Kashem, adjacent to a forest (BBS, 2011). These
people rely entirely on the forest to supply their fuelwood needs. They depend on fishing,
a small quantity of agriculture, and collecting fuel wood to survive. Initially, pioneer
mangrove species were tried in these chars and other recently accreted chars in the
coastal areas. In the 1990s, the Bangladesh Forest Research Institute planted some
experimental plantations with notable mangrove and non-mangrove species like Soner
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Char under the S. apetala forest. The cultivated species demonstrated Impressive growth
rates (Islam et al., 2013; Islam et al., 2014). A. officinalis, H. fomes, E. agallocha, X.
molucensis, P. paludosa, T. indica, D. spathacea (pani kapila/gorshingra/vaterkathi), P.
pinnata, and other kinds of herbs were identified to regenerate (Islam et al., 2015). A few
weeds flourish on each of these islands. As well as certain mammal species, including
wild boar, monkey, and deer, this area is home to notable bird species like wild geese,
wild ducks, jungle fowl, cranes, and spines.

Data collection: In the chosen Permanent Sample Plots (PSP) regions, the transect
approach was used to determine the tree species currently serving as seed suppliers.
When measured parallel to the water channel, the transect width was 3 meters, and its
length was 200 meters. In each location, there were five transects. Data on only the tree
species used as seed sources were collected from these transect lines to understand the
diversity of mature tree species in the research sites. The Random Simple Selection
Method was used to choose the Permanent Sample Plots (PSPs). Under artificial S.
apetala plantations, PSPs were developed in both protected and unprotected areas. There
were no other types of artificial plantations in the PSP areas. Each island had 12 PSPs
created for 24 PSPs in protected and unprotected areas. The Permanent Sample Plots
(PSPs) size was 10 meterx10 meter (100 m?). The sample plots were chosen randomly
from different age groups in both locations. The naturally existing information, such as
seedlings noted (up to 0.5 height), saplings reported (0.51 m - 1.0 m height), poles noted
(1.1 m - 3 m height), and trees documented (3 m above), was gathered for various tree
species. Between January 2013 and December 2020, the survey was conducted in various
PSP areas on the Soner Char and Char Kashem. From January 2013 through December
2020, data has been gathered once a year. Data on other types of plants, such as herbs and
shrubs, was noted annually.

Data analysis: Data on various growth parameters and regeneration states were computed
and examined using Excel and Minitab statistical software. T-tests were used to compare
the protected and unprotected coastal forests regarding seedling, sapling, pole, new
seedling recruitment, tree density, herb and shrub abundance, etc. The threshold for
statistical significance was fixed at 0.05, and p-values below this threshold were regarded
as significant.

Results and Discussion

Table 1 shows the presence of various plant species along the transect line. Thirty-six
plant species were identified in January 2013 along the five transect lines of the Soner
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Char protected forest, the sanctuary for wild animals. Thirty-six herb, shrub, and climber
species and tree, palm, and rattan species were found in 2013 at Soner Char. Most of this
island's tree and palm species were planted at various times. D. spathacea, T. indica, S.
caseolaris, and other herbaceous, shrubby, climber, and rattan species were observed to
be grown in natural conditions (Table 1).

Fifty-two species at Char Kashem's unprotected flora were documented simultaneously
along the five transect lines. Most of the tree and palm species were planted, and the Char
Kashem homesteads contained 15 cultivated species. Only three tree species—
Dolichandrone spathacea, Tamarix indica, Sonneratia caseolaris, and all herbaceous
shrub and climber species—were found in their natural habitat (Table 1).

Natural regeneration (seedling, sapling, pole) was recorded in the Soner Char protected
areas in 2013, and these were 8 tree species, 2 palm species, and 8 species of herb and
shrub. In the Char Kashem area, 9 tree species, 2 palm, and 7 herb and shrub species
were identified at PSPs in 2013. In the PSP areas of Soner Char, 8 tree species, 2 palm
species, 1 climber, and 7 species of herb shrub were found in 2020. In the case of Char
Kashem, 9 trees, 1 palm, and 9 herbs and shrub regenerated species (seedling, sapling,
and pole) were found in 2020 after eight years. Seven and nine species of herbs and
shrubs were counted in PSP areas of Soner Char and Char Kashem in 2020 (Table 2).
The naturally regenerating Cynmetra ramiflora and Buruguiera sexangula species were
recorded in Char Kashem but not present on Soner Char in 2020. The natural
regeneration of Amoora cuculata and Calamus tenuis was not present in Char Kashem in
2020, but they were found at Soner Char. On Soner Char island and Char Kashem, the
largest total number of natural regeneration (seedlings, saplings, and poles) per hectare
area was observed in 2013. Soner Char protected forest had higher seedlings (10644),
saplings (4311), and poles (589) than that of Char Kashem unprotected forest (seedlings
7455, saplings 2778, and poles 522) in 2013. (Fig. 1).

However, there were no significant differences between Soner Char (protected area) and
Char Kashem, 2013 (unprotected region) in terms of seedling (p=0.92), sapling (p=0.91),
pole (p=0.75), or total regeneration number (p=0.91) (Fig. 1).

In 2016, after five years of declaration as a wildlife sanctuary, Soner Char registered
more natural regeneration than Char Kashem (46722 nos, 33633 nos), seedlings (34067
nos, 26589 nos), and saplings (12144 nos, 6300 nos), respectively. In 2016, after four
years, the establishment of PSP at Char Kashem (811) surpassed Soner Char (522) as the
pole with the greatest number. However, there were no significant differences between
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Table 2. Regeneration of several species (seedling, sapling, and pole) identified at Soner Char
and Char Kashem at PSPs between 2013 and 2020.

SI.  Name of Species Location and Data Collection Year
No Soner Char Char Kashem
January December January December
2013 2020 2013 2020

1.  Excoecaria agalocha + + + +
2. Avicinnea officinalis + + + +
3. Nypa fruticans + + + -
4. Hibiscus teliacea + + + +
5. Phoenix paludosa + + + +
6.  Herietiera fomes + + + -
7. Aegeras corniculatum + + + -
8.  Xylocarpus molucensis + - + +
9.  Tamarix indica + - + +
10. Buruguiera sexangula + - + +
11. Dolichandrone spathacea + + + +
12.  Anodendron paniculatum + + + +
13. Derris trifoliate + + + +
14. Dalbergia spinosa + + + +
15.  Acanthus ilicifolius + + + +
16. Ipomoea fistulosa + + + +
17. Mikania cordata + + + +
18. Mucana monosperma + + + +
19. Aglaia cuculata - + - -
20. Pongamia pinnata - + - +
21. Calamus tenuis - + - -
22.  Cynometra ramiflora - - - +
23. Salacia prinoides - - - +
24. Colocasia esculenta - - - +

( + present, - absent)
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Soner Char and Char Kashem in terms of recruitment of seedlings (p=0.35), saplings
(p=0.25), poles (p=0.87), and overall numbers of regeneration (p=0.31) (Fig. 2). The total
number of regeneration (seedling, sapling, and pole) per hectare area was highest after
eight years in 2020, with a value of 24233 stems in the Soner Char protected area and
11558 in the Char Kashem unprotected regions (p=0.026). After eight years, Soner Char
and Char Kashem had the highest number of seedlings per hectare (15283 and 6500,
respectively; p=0.084). After eight years, Soner Char Wild Life Sanctuary discovered
5767 and 2833 stems of the sapling and pole value, respectively (Fig. 3).

18000 1 p value for seedling=0.92
p value for sapling=0.91 ® Soner Char 15544
% 16000 - p value for pole=0.75 Char Kashem
5 p value for total=0.91
& 14000 -
g
5 12000 - 10644 10755
e}
g 10000 -
S|
=]
S 8000 - 7455
b I
g
g 6000 -
% 4311
F 4000 - 2778
I
2000 -
589 522
0 ’ T T - = 1
Seedling Sapling Pole Total

Fig. 1. Regeneration status of vegetation at protected forest (Soner Char) and unprotected
forest (Char Kashem) in 2013 (at the initial stage of the wildlife sanctuary).

In Char Kashem's unprotected areas, after eight years, the numbers of sapling and pole
stems were 3425 and 1633 per hectare, respectively. After eight years, the p values for
the seedling, sapling, and pole were determined as (0.084), (0.030), and (0.030),
respectively. After eight years, there was a noticeable difference between protected and
unprotected forests in the overall number of regeneration, saplings, and pole stems.
Conversely, there were no appreciable changes regarding seedling recruitment between
protected and unprotected forests (Fig. 3).
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Fig. 2. Regeneration status of vegetation at wildlife sanctuary (Soner Char) and open forest

(Char Kashem) in 2016 (after four years).
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Fig. 3. Regeneration status of the vegetation at protected area (Soner Char) and unprotected
area (Char Kashem) in 2020 (after eight years).
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Between 2014 and 2017, the highest naturally occurring seedling recruitments were
observed at Soner Char (a protected area) and Char Kahsem (an unprotected area) PSPs
(36622 to 43439 seedlings per hectare) (Fig. 4).
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Fig. 4. Variations in recruitment of seedlings at Protected Forest (Soner Char) and
Unprotected Forest (Char Kashem) in Selected PSP Areas from January 2013 to
December 2020.

In protected regions, the greatest natural pole stems were seen between 2017 and 2020
with a value of 1132 to 2833/hectare, respectively, and in unprotected areas, the values
were 930 to 1633/hectare, respectively (Fig. 5).
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Fig. 5. Variations in the recruitment of pole stem at Protected Forest (Soner Char) and
Unprotected Forest (Char Kashem) in Selected PSP Areas from January 2013 to
December 2020.

After eight years of the proclamation of a wildlife sanctuary, Soner Char had the largest
number of trees per hectare (2250). At the same time, Char Kashem had the lowest
number of trees per hectare (1567). In the initial stages of the wildlife sanctuary, 355
trees per hectare at Soner Char and 811 trees per hectare at Char Kashem were observed
in the PSPs area in January 2013. After four years, the protected and unprotected sites
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had tree densities of 833 trees per hectare and 711 trees per hectare, respectively (Fig. 6).
Calculated were the p values for tree density in 2013 (0.068), 2016 (0.44), and 2020
(0.013). After eight years, the forest cover per hectare (2250) in protected locations varies
markedly from unprotected forests (1567). However, there were no apparent variations in
the tree density between these two locations between 2013 and 2016 (Fig. 6).

In PSP areas in Soner Char, 27411, 12878, and 7677 herb, shrub, and climber stems per
hectare were counted in 2016, 2020, and 2013, respectively. Conversely, Char Kahsem
was the site where the greatest variety of herb, shrub, and climber species was identified,
with 8678 stems in 2016, 8577 stems in 2020, and 5233 stems in 2013, respectively.
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Fig. 6. Variations in tree density per hectare stems of Soner Char and Char Kashem between
2013 and 2020 of the PSP areas.
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Fig. 7. State of the vegetation for various herb, shrub, and climber species in
protected and unprotected PSP regions in 2013, 2016, and 2020.
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The number of herb, shrub, and climber species between Soner Char and Char Kashem
PSPs regions stayed the same in 2013, 2016, and 2020. (Fig. 7). E. agallocha made up
80.43% of the total number of seedling recruitments, followed by A.officinalis (10.45 %),
T.x indica (2.48%), and eight other species, including N. fruticans, H. teliacea, P.
paludosa, H. fomes, A. corniculatum, X. molucensis, D. spathacea, and B. sexangula
(6.59%) were found in 2013 at Soner Char wildlife protected areas (Fig. 8).
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Fig. 8. Seedling recruitment of different Fig. 9. Seedling recruitment of different
species at the protected area (Soner species at the unprotected area (Char
Char) in 2013. Kashem) in 2013.

Excoecaria agallocha made up 91.36% of the Char Kashem (unprotected forest) in 2013,
followed by Bruguiera sexangula (5.05%), Dolichandrone spathacea (1.89%), and
Avicennia officinalis (1.68%) (Fig. 9).
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Fig. 10. Seedling recruitment of different tree  Fig. 11. Seedling recruitment of different tree
species in 2020 at Soner Char. species in 2020 at Char Kashem.

E. agallocha makes up 47.01% of all seedling recruitment at Soner Char Wild Life
Sanctuary in 2020 PSPs, followed by P. paludosa (30.81%), P. pinnata (6.6%), H. fomes
(5.5%), A. officinalis (5.3%), H. teliacea (3.94 %), and other 5 species (0.6%) (Fig. 10).
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In 2020, E. agallocha accounts for 81.05% of seedling recruitment in Char Kashem
unprotected areas, followed by P. pinnata (7.55%), A. officinalis (3.38%), H. teliacea
(3.38%), and other 7 species (4.54%) (Fig. 11).

When Soner Char was first declared a wildlife sanctuary, S. apetala comprised 66.67% of
the trees there, while E. agallocha made up 33.33%. At the same time, Char Kashem had
62.50% E. agallocha species and 37.50% S. apetala species (Fig. 12 and Fig. 13).
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Fig. 12. Tree density of different species at Fig. 13. Tree density of different species at
Soner Char in 2013. Char Kashem in 2013.
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Fig. 14. Tree density of different species at Fig. 15. Tree density of different species at
Soner Char in 2020. Char Kashem in 2020.

In 2020 at the PSP areas, E. agallocha made up 69.11% of the total tree vegetation of
Soner Char Wild Life Sanctuary (a protected area), followed by Sonneratia apetala
(23.03%), Phoenix paludosa (8.82%), Heritiera fomes (3.43%), Dolichandrone
spathacea (0.98%), and Avicennia officinalis (0.49%). E. agallocha comprised 85.79% of
the species documented at Char Kashem in the unprotected region, followed by
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Sonneratia apetala (13.60%) and Dolichandrone spathacea (0.61%) in 2020. (Fig. 14
and Fig. 15).

The current study examined the human-developed forests in Bangladesh's coastal regions
and changes in species composition over 8 years. Individual tree seedling, sapling, pole,
naturally regenerated tree, herb, and shrub species distributions were described in coastal
areas and contrasted with protected and unprotected forests. In this study, we observed
that 10 different mangrove species could naturally regenerate in the Soner Char Wildlife
Sanctuary and Char Kashem in 2020, respectively. In the coastal regions of Chattogram,
Bhola, and Patuakhali Coastal Afforestation Division, Siddigi et al. (1995) undertook a
visual observation between 1985 and 1994, but they did not find any naturally occurring
regeneration. Islam et al. (2014) found six natural regeneration species on Rangabali
Island in seven separate islands. Additionally, the locations where the current study
showed 46722 stems/ha of natural regeneration (seedling, sapling, and pole) in the Soner
Char protected PSP area and 33633 stems/ha at Char Kashem in 2016, and each had the
greatest seedling density of 36,000 stems per hectare. After eight years, Soner Char Wild
Life Sanctuary PSPs and Char Kashem Unprotected Forest PSPs were found to have
distinct total natural regeneration (stems, saplings, and poles) per hectare (p=0.026, Fig.
3). The graph of natural seedling recruitment from 2013 to 2020 showed that Soner Char
Wild Life Sanctuary had the maximum number of seedlings from 2014 to 2017; that
number substantially decreased in 2018 and was found there again in 2019 and 2020.
Like Soner Char island, unprotected sites in Char Kashem displayed the largest seedling
recruitment between 2014 and 2017. However, seedling recruitment in Char Kashem
significantly fell in 2018 and declined through the end of 2020. This can result from
grazing activity and human involvement (Fig. 4). In Char Kashem, the eye observation
revealed that numerous significant tree species were illegal between 2018 and 2020.
From 2013 to 2016, the pole stems regeneration recruitment pattern remained unchanged;
from 2016 to 2020, it grew. The graph showed that protected regions had more pole
stems per hectare. Between 2013 and 2019, pole recruitment increased at the unprotected
Char Kashem site, but it decreased significantly in 2020 (Fig. 5). At the Char Kukri-
Mukri islands, Siddigi and Khan (2004) noted spontaneously growing seedlings of S.
apetala and S. caseolaris. Additionally, they claimed that these species' seedlings,
particularly S. apetala, rarely mature into saplings. Grazing was recognized as one factor
contributing to this species extinction. The Char Kashem unprotected PSP area and the
Soner Char wildlife sanctuary could increase the number of trees per hectare from 2013
to 2020.
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When investigations began at Soner Char protected areas, E. agallocha seedlings were
found in the greatest numbers, followed by A. officinalis in tenths of a percentage.
According to the most recent findings, E. agallocha, P. paludosa, P. pinnata, H. fomes,
and the other seven species had higher seedling recruitment rates in 2020 than the other
species combined. The Soner Char Wildlife Sanctuary exhibited the recruitment of
multiple species of seedlings. At Soner Char Wild Life Sanctuary, more E. agallocha
seedlings are being recruited than in the first half of 2013. This pattern suggests that the
Soner Char Wildlife Sanctuary will be converted into a forest with diverse species.
Because of the established seed sources and untouched environment in the PSPs area of
Soner Char, certain key species were found to regenerate there (Fig. 8 and Fig. 10). In the
current research, due to observed tree vegetation and seedling recruitment during the
most recent observation in Soner Char Wild Life Sanctuary, the species E. agallocha has
been classified as a climax species and next P. paludosa. Only four distinct seedling
recruitment patterns were observed in the Char Kashem PSP zones in 2013. Of these
species, Excoecaria agallocha exhibited the highest recruitment (91.36%), followed by
the other three species (Fig. 9 and Fig. 11). Excoecaria agallocha seedlings made up the
majority (81.05%) of the PSPs in 2020, eight years after they were created, with the
remaining A. officinalis, Hibiscus teliacea, Phoenix paludosa, Herietiera fomes, Aegeras
corniculatum, Aglaia cuculata, Pongamia pinnata, Dolichandrone spathacea and
Calamus tenuis species. In the seven chars of Rangabali, 95.41% of E. agallocha
seedlings were documented by Islam et al. (2014), confirmed by the study's 2013
findings (Fig. 9 and Fig. 11). Buffalo and cattle commonly graze in the vast plains of
Char Kashem. Grazing has recently reached an alarming level at Char Kashem. In the
2020 trial, S. apetala was found to be replaced by E. agallocha in both protected and
unprotected regions. The current study found that between 2013 and 2020, the tree stems
density of S. apetala decreased by 43.64% at Soner Char Wild Life Sanctuary and
23.90% at Char Kashem Unprotected PSPs, respectively. Whereas the tree stems density
of E. agallocha increased by 35.78% and 23.29% between 2013 and 2020 in Soner Char
and Char Kashem (Figs. 12, 13, 14, 15). After eight years, E. agallocha was shown to be
the most abundant tree species in both research areas.

Additionally, under the current ecological conditions at these two trial locations, S.
apetala will decline and may become a minor species. According to Das and Siddiqi
(1985), S. apetala comes after E. agallocha in the ecological succession. Our
investigation showed that E. agallocha had replaced S. apetala in both places. However,
we also noticed that P. paludosa, H. fomes, and D. spathacea had done so at Soner Char
Wild Life Sanctuary. The tree stems of E. agallocha, P. paludoa, H. fomes, A. officinalis,
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and D. spathacea were spontaneously grown in the PSPs of Soner Char Wild Life
Sanctuary rather than planted. Unfortunately, at Char Kashem, only two species of stems
were identified as growing naturally simultaneously as Soner Char. In the current
investigation of 2020, the principal tree stems of E. agallocha, P. paludosa, and H.
fomes were recorded at Soner Char. After eight years, Soner Char Wild Life Sanctuary
had greater tree stem counts per hectare than the Char Kashem PSPs area. According to
the current research, Soner Char Wild Life Sanctuary will be converted into a mixed-
species forest owing to natural disturbances. Grazing for the relocated mixed forest also
impacted the Char Kashem areas.

Figs 16-19: (16). Transect line established in January 2013 at Soner Char. (17). Permanent
sample plot no. 1 at Soner Char established in January 2013. (18). Regeneration plot at
Char Kashem PSP areas (Photo: 2017). (19). Regenerated tree species of D. sparthacea
and P. paludosa at Soner Char protected areas (December 2020).

Because seedling recruitment was essentially the same in forests with and without

protection, after eight years, however, Soner Char Wild Life Sanctuary had more saplings

and pole stems than Char Kashem. This finding shows that interference from humans,
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livestock, and buffalo in Char Kashem areas affected the results. The current study states
that Char Kashem will find it more difficult to convert from a mono-specific to a mixed-
species forest due to human engagement and grazing influence. It should be mentioned
that the Bangladesh Forest Research Institute (BFRI) underplanted trials in the two
research regions. This has led to the seed sources of many mangrove species in this
region.

The S. apetala plantations had been growing for around 46 years, and the trees in both
study sites were already mature. The S. apetala species over-matured, and successional
alterations occurred due to the geomorphological changes and absence of inundation in
the planted regions. It is now important to develop various species of seed sources in the
many chars beneath the S. apetala forest to retain the natural regeneration inside the
coastal man-made forest. According to the current observation, grazing impacts natural
regeneration in unprotected places. Eight years later, protected areas are densely covered
in plants and have a diverse forest floor. Plans for the protected area include creating a
mixed-species forest. To improve a dense, long-lasting mangrove forest, conserving more
coastal forests that are not already protected is especially important. The main
environmental governing aspects of these two locations are climate (rainfall, temperature,
humidity, evaporation, wind, and cyclones), hydrological (tidal activities), edaphic (soil
salinity, nutrient status, and accretion), and biotic. These components engage in mutual
interaction and have an impact on ecosystem development. This study only focused on
the vegetation's condition and the species' dynamics affected by grazing, leaving out the
soil salinity, organic carbon levels, and other edaphic parameters in these two locations.
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