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Abstract
Rural freshwater ponds in Bangladesh are vital socio-ecological systems that provide essential Nature’s Contributions to 
People (NCPs), including water provisioning, flood regulation, livelihood support, and cultural sustenance. However, rapid 
degradation due to pollution, privatization, and mismanagement threatens these benefits, disproportionately affecting margin-
alized communities. This study examines the impacts of pondscape decline in Sultanpur village, Chattogram, through semi-
structured surveys with 210 residents. Findings reveal a stark reduction in material NCPs, with only 26.9% of households 
still relying on ponds for daily water needs due to contamination and shifting preferences for privatized alternatives like tube 
wells. Regulating contributions, such as flood buffering and microclimate cooling, have diminished, exacerbating climate 
vulnerabilities. Most critically, immaterial NCPs, such as spiritual practices, community cohesion, and mental well-being, 
are eroding, severing cultural ties to these once-thriving commons. Women, the primary water managers, face heightened 
health risks and labor burdens, while elders express solastalgia over lost traditions like religious rituals and communal sto-
rytelling. Drivers include pollution from septic systems, disputes over shared ownership, and policy neglect that prioritizes 
engineered infrastructure over ecological stewardship. The study underscores ponds as undervalued Nature-based Solutions 
(NbS) and calls for integrated governance that restores biocultural heritage, prioritizes equitable access, and aligns local 
knowledge with national conservation strategies. Without urgent intervention, the continued degradation of pondscapes risks 
irreversible losses to biodiversity, climate resilience, and the rural well-being in Bangladesh.

Keywords  Biocultural heritage · Freshwater ponds · Nature-based Solution · Nature’s Contributions to People (NCP) · 
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Introduction

Nature-based Solutions (NbS) are increasingly being advo-
cated as a way to tackle two of the current major crises in the 
world—biodiversity loss and climate change (Mendes et al. 
2020; Davies et al. 2021). NbS are defined as “[a]ctions to 
protect, sustainably manage, and restore natural or modified 
ecosystems that address societal challenges, such as climate 
change, effectively and adaptively, simultaneously providing 
human well-being and biodiversity benefits” (IUCN 2020). 
The use of NbS can support the provision of a variety of 
Nature’s Contributions to People (NCP), or the different 
ways in which living nature can affect people’s quality of 
life (Díaz et al. 2018; IPBES 2019), which includes contri-
butions like pollution control, greenhouse gas sequestration, 
flood risk management, and improved mental well-being 
(Liquete et al. 2016; Holgerson and Raymond 2016; Vujcic 
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et al. 2017; Turkelboom et al. 2021). Importantly, the NCP 
framework places a strong focus on the fact that culture is 
fundamental to all human-nature relationships, acknowledg-
ing that while nature offers a variety of crucial commodi-
ties and services, such as regulating processes or tangible 
products, it also has a deep cultural, social, spiritual, and 
religious significance that must be taken into consideration 
when making decisions (Kadykalo et al. 2019).

There has been a noticeable positive shift in the utiliza-
tion of freshwaters as prospective NbS in human-dominated 
ecosystems (Keesstra et al. 2018). At the landscape level, 
ponds are important sources of freshwater that are also home 
to a variety of endemic, vulnerable, or rare species (Davies 
et al. 2008). Ponds are defined as tiny water bodies that can 
range between 1 and 50,000 m2 and may be created naturally 
or man-made, and exist permanently or seasonally (Richard-
son et al. 2022). However, due to their often small size, the 
NCPs of ponds go rather underappreciated (Oertli and Parris 
2019), exacerbated by ponds’ particular vulnerabilities to 
anthropogenic impacts such as pollution, habitat loss, and 
climate change (Hill et al. 2021a).

Ponds are critical freshwater ecosystems that deliver 
numerous crucial NCPs to enhance human well-being (Díaz 
et al. 2018; Hill et al. 2021b), including, but not limited to, 
providing food, flood control, groundwater recharge, and 
improving water security, biodiversity conservation, climate 
regulation, pollution control, and other non-tangible benefits 
like recreation and spaces for educational and spiritual activ-
ities (Landuyt et al. 2014; Holgerson and Raymond 2016; 
Kabisch et al. 2017; Pascual et al. 2017). Indeed, because 
of their contributions to climate regulation, biodiversity 
maintenance, and other important NCPs, ponds can serve 
as an important NbS for various contemporary challenges 
(Cuenca-Cambronero et al. 2023). Even though ponds have 
a high potential for numerous contributions, evaluations of 
management practices generally consider only a few, par-
ticularly fish production, leaving out other benefits, attrib-
uted to the lack of available data (Landuyt et al. 2014), as 
well as the generally small size of this freshwater (Oertli 
and Parris 2019). As a result, ponds are often neglected, 
which can threaten the provision of different NCPs (Hill 
et al. 2018). Pond losses have significantly increased dur-
ing the past century, which has had severe adverse impacts 
on pond biodiversity (Horváth et al. 2019) and the general 
delivery of numerous NCPs (Gozlan et al. 2019).

Bangladesh is a country with several freshwater bodies, 
such as marshes, ponds, and rivers. Household freshwater 
ponds, which have historically served the daily needs of 
rural households, are one of the typical forms of freshwa-
ter ecosystems in Bangladesh. Ponds have numerous uses 
for rural households, including providing water for wash-
ing, bathing, and other household needs in addition to being 
used for fish cultivation (Dey et al. 2008). In the past, ponds 

were either intentionally made as miniature freshwater eco-
systems next to residences or naturally formed as borrow 
pits dug to supply soil for raising homesteads above flood 
levels during the wet monsoon (Huq 2017). Although ponds 
are one of the most noticeable landscape elements in rural 
Bangladesh (Dey et al. 2008), there is very little research on 
such small freshwater bodies, their usage, and their future 
potential in Bangladesh (Huda et al. 2010). Most that exist 
focus on aquaculture, primarily improving productivity, 
management, nutritional contributions and food security 
(Ahmed and Waibel 2019; Islam et al. 2020, 2021; Khan 
et al. 2021; Rahman et al. 2022, 2023; Sumi et al. 2023), and 
the public health risk concerns associated with pond water, 
primarily emerging from the indiscriminate use of antibi-
otics for aquaculture and poultry farming purposes (Neela 
et al. 2015; Sadique et al. 2021; Kawsar et al. 2022). How-
ever, very few attempts have been made to map the multiple 
NCPs of household ponds in rural lives and livelihoods, as 
well as threats to the ability of ponds to effectively deliver 
positive NCPs. Some scholars, such as Rabbani et al. (2013, 
2018), demonstrated how the coastal dependence on ponds 
for irrigation, vegetable gardening, fish production, cooking, 
and drinking makes the populations highly susceptible to 
the impacts of hazards like cyclones, which inundate ponds 
with saline water. Similarly, Huq (2017) found that many 
households on the coast who have lost possession of ponds 
over the last two decades due to socio-economic issues are 
particularly vulnerable to the impacts of global environmen-
tal and climate changes, as they are no longer able to tap into 
the benefits offered by ponds. However, what continues to 
remain amiss is a picture of how the diminishing abilities of 
ponds in delivering important NCPs are affecting the more 
intangible dimensions of human well-being, beyond food 
and water security and livelihoods.

Therefore, addressing this gap, this study attempts to 
reveal the NCPs being delivered by ponds in a small vil-
lage of Chattogram, Bangladesh, how they may have 
changed over the years, and how this change was perceived 
by the local pond users, and the primary root causes for 
these changes. The NCP framework, unlike the concept of 
ecosystem services (ES), which is more widely invoked, 
explicitly integrates diverse knowledge systems, includ-
ing Indigenous and local perspectives, and emphasizes the 
dynamic, context-specific relationships between people and 
nature (Kadykalo et al. 2019; Díaz et al. 2018). While the ES 
framework often prioritizes quantifiable, utilitarian benefits 
such as provisioning and regulating services (Costanza et al. 
2014), the NCP framework expands this perspective by fore-
grounding the co-production of cultural values and relational 
dynamics between communities and their environments, 
thereby recognizing that human-nature relationships are not 
merely transactional but deeply embedded in socio-cultural 
practices (Chan et al. 2012; Pascual et al. 2017). This aligns 
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with our focus on intangible contributions and the cultural 
significance of ponds in rural Bangladesh, which are often 
marginalized in traditional ecosystem service assessments. 
By adopting NCP, we aim to foreground the lived experi-
ences of pond users and the systemic drivers of degradation 
that disrupt these contributions.

Methodology

The study was carried out at Sultanpur village, Raozan. Sul-
tanpur is one of the 103 villages that make up the Raozan 
subdistrict of Chattogram, which is located near the coast. 
There are currently 25,708 people residing in Sultanpur 
village, which is divided into three wards—Ward 4, Ward 
5, and Ward 6.1 The entire region has a tropical monsoon 
climate.

A 24-item semi-structured questionnaire was developed, 
comprising mostly closed-ended and a few open-ended ques-
tions to reveal the state of the NCPs from the ponds. For 
the survey, 70 individuals were chosen evenly from each 
ward using a random sampling method, totaling 210 par-
ticipants. To get more diverse information and perspectives, 
only one participant was chosen from each household to be 
questioned.

We categorized NCPs into three groups, material, imma-
terial, and regulating contributions, as proposed by Díaz 
et al. (2018) and Hill et al. (2021b), to systematically assess 
how ponds sustain both tangible livelihoods and intangible 
cultural practices, while also recognizing that each of these 
groups are fuzzy and deeply intertwined. However, while the 
NCP framework provides 18 generalizable categories (Díaz 
et al. 2018), our study adopted an inductive approach to cat-
egorize contributions based on responses from local pond 
users. This aligns with the NCP’s context-specific perspec-
tive, which prioritizes lived experiences and avoids impos-
ing externally defined classifications that may not resonate 
with local realities (Hill et al. 2021b). For example, “spir-
itual and religious practices” and “community building” 
emerged as distinct contributions in our analysis, reflecting 
their unique salience in the study area. Moreover, these criti-
cal immaterial NCPs intersected with material and regulat-
ing contributions. This flexible categorization mirrors the 
Intergovernmental Science-Policy Platform on Biodiversity 
and Ecosystem Services (IPBES) guidance on weaving gen-
eralizing and context-specific lenses to capture plural values 
(Hill et al. 2021b) and ensures our findings remain grounded 
in the socio-cultural context of rural Bangladesh.

The minimum age for participants was 20, with greater 
priority given to the older population (aged 50 or above) due 

to their long history and ties with the ponds. Depending on 
availability, the survey covered both male and female mem-
bers of the families, with women making up the majority. 
MS Excel software is used for overall data processing and 
analysis.

Ethical approval (protocol #S2022_28) for the study was 
sought and received from the Asian University for Women 
(AUW) Ethical Review Committee (ERC) on October 31, 
2022. All the data collection was conducted between Febru-
ary and March 2023.

Results and discussion

Current status of the pond ownership and primary 
use

This subsection examines ownership patterns, primary uses, 
and management challenges of rural ponds in Sultanpur, 
contextualizing socio-ecological shifts over time.

In our study area, 45.2% of respondents reported owning 
ponds, typically shared among four to five households—a 
proportion consistent with earlier findings in rural Bangla-
desh (Huq 2017). However, only 34.7% actively maintain 
these ponds, signaling a decline in stewardship practices that 
historically sustained these water bodies. Historical accounts 
describe adaptive co-management strategies, such as har-
vesting duckweed for livestock feed or applying lime to curb 
algal blooms (Plummer et al. 2012), which reinforced recip-
rocal relationships between households. Similar practices 
in agrarian communities globally highlight how communal 
labor and shared ecological knowledge underpin sustainable 
resource governance (Adhikari et al. 2014). Today, how-
ever, eutrophication and plastic pollution plague most ponds, 
reflecting broader trends in the Global South where rapid 
urbanization and eroding traditional governance transform 
communal water bodies into waste sinks (e.g., Sugam et al. 
2018; Adams et al. 2020; Roy-Basu et al. 2020).

Contrary to the dominant focus on aquaculture in Bang-
ladeshi pond literature (see the “Introduction” section), our 
findings reveal that fewer than 45% of pond owners engage 
in fish cultivation. Nearly half retain ponds as “natural capi-
tal” for future income—a strategy aligned with neoliberal 
resilience narratives that prioritize financial hedging over 
ecological or cultural vitality (Bailey et al. 2019). This pas-
sive retention, however, risks degrading both ecological 
functionality and social cohesion. Natural capital frame-
works often neglect the interdependence of ecological health 
and cultural practices (Muradian and Gómez-Baggethun 
2021), a gap evident in Sultanpur: ponds held as speculative 
assets frequently become neglected, accelerating eutrophi-
cation and undermining their capacity to deliver critical 
NCPs like flood regulation or communal bonding. This 1  According to the Raozan Union Council.
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mirrors patterns observed in Sub-Saharan Africa, where land 
reserved for speculative use loses socio-cultural relevance, 
eroding place-based identities tied to ancestral landscapes 
(Chigbu et al. 2017).

Nature’s Contributions to People provided by ponds

This section presents the findings related to the present state 
of the NCPs of ponds based on the three categories. Table 1 
summarizes the main findings presented in this section.

Material contributions

Ponds as water supply  Ponds have historically served as 
vital sources of water for domestic and agricultural needs 
in rural Bangladesh. They also serve as emergency fire 
buffers, with respondents emphasizing their irreplaceable 
role in mitigating nighttime fire risks—a stark illustration 
of their undervalued contributions to disaster resilience. 
However, only 26.9% of respondents now rely on ponds for 
daily household tasks, primarily due to limited access to 
affordable alternatives or proximity to functional ponds. The 
remaining 73.1% have shifted to privatized systems like tube 
wells or piped water, though many still turn to ponds during 
high-demand events (e.g., festivals, large-scale washing) or 

emergencies. Even among those with alternatives, degraded 
water quality in nearby ponds often forces households to 
travel long distances to secure usable water—a burden that 
underscores the diminishing reliability of these once-central 
resources.

The privatization of water infrastructure reflects what Cor-
nea et al. (2016) term the “infrastructural reconfiguration 
of power,” where access to “modern” systems (e.g., tube 
wells) becomes a marker of socio-economic status, giv-
ing an advantage to specific groups (e.g., affluent families 
with access to own water systems) while keeping others 
excluded. Similarly, as outlined by Zimmer et al. (2020), 
we have found that changing visions of nature, such as the 
idea that private “modern” water sources are more preferred 
than shared natural ones, ultimately contribute to an ongoing 
“uncommoning” of ponds. This transition not only weakens 
traditional communal heritage but also entrenches inequality. 
For example, while personal water infrastructure is conveni-
ent for a minority, the deterioration of ponds disproportion-
ately impacts those who are more dependent on ponds for 
their daily domestic needs, particularly poor households and 
women.

Our data shows that around 73.8% of respondents were 
women, which reflects their key role in directly interacting 

Table 1   Total NCP derived from the ponds in Sultanpur village and how they have changed

Contributions Examples Change 
(-) Degraded/no 
longer able to access 
(N/A) No change, or 
no longer applicable
( +) Improved/greater 
access

Material contributions
  Water supply Household purposes, cooking, drinking, agricultural, business, festival use, fire extin-

guisher
(-)

  Land Banks and nearby space provide areas for farming (vegetable and poultry), and land for 
burial

(N/A)

  Food Fish, naturally grown vegetables such as water spinach and water taro (N/A)
  Medicine Medicinal plants such as Indian pennywort and bitter vine (N/A)
  Fuel Collect fuels from the banks of the ponds such as small tree branches and leaves (N/A)
  Livelihood Opportunities for integrated duck-fish farming, or support for duck husbandry (-)

Regulating contributions
  Cooling effect Cool breeze during summer (-)
  Flood regulation and support Regulates flood and/or offers alternative water supply during flood (-)

Immaterial contributions
  Spiritual and religious Wu’du, sacrificing idols, worship, festival showers, wedding rituals, Pooja, discarding 

religious items
(-)

  Community building Group discussion, having showers together, experience and story sharing, place-based 
identity

(-)

  Recreational Swimming competitions, fishing, playing (-)
  Mental health Relaxation, focus, concentration (-)
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with water resources. As Sultana (2009) refers to, women’s 
daily interactions with water in rural Bangladesh are heavily 
influenced by gender norms. With most household chores 
and caregiving responsibilities befalling women, women are 
also usually tasked with collecting water for daily activities. 
Generally, women have to forgo more productive tasks when 
collecting water due to the time and effort expended. In addi-
tion, water collection is also associated with negative health 
consequences, such as long-term back injuries and micro-
nutrient deficiencies due to the high caloric expenditure of 
the water collecting tasks (Sorenson et al. 2011). Moreover, 
water insecurity exposes women to gender-based violence 
from partners and non-partners (Kayser et al. 2019). The 
physical toll of water insecurity, chronic injuries, micronu-
trient deficiencies, and exposure to gender-based violence 
(Wutich et al. 2020) intersects with symbolic violence, as 
women’s labor becomes devalued alongside the ponds they 
depend on.

For agriculture, ponds remain critical for 54.1% of 
respondents, yet declining water quality forces farmers 
to seek distant ponds or groundwater, exacerbating time 
poverty and reducing agricultural productivity. 45.9% of 
respondents who are basically local farmers reported being 
obliged to use ground water sources such as tube wells 
due to the lack of usable ponds. This paradox, reliance on 
degraded ponds due to lack of alternatives, mirrors patterns 
in South Asia where marginalized communities are trapped 
in “resource loops” of ecological decline and socio-eco-
nomic precarity (Walelign et al. 2020).

To understand how the water provisioning contributions 
of ponds changed in the past, our respondents were asked 
how their dependence on ponds for resources changed 
over the years. Interestingly, only 36% of the respondents 
maintained that their dependence on ponds for water, food, 
and other resources has remained the same. Upon closer 
inspection, it was found that these respondents were resid-
ing either in cleaner ponds or were using shared ponds that 
were still suitable, that is, with no perceivable eutrophica-
tion and littering. However, 64% claimed that the situation 
was vastly different from the past. Previously, they were 
fully reliant on ponds for everyday purposes, agricultural 
uses, and so on, because ponds were the main source of 
water supply. Other water sources, such as tube wells, deep 
tube wells, and motors, were rarely used in the past. This 
aligns with other studies (e.g., Fischer 2018; Paerregaard 
et al. 2020; Hommes et al. 2022) which document how 
“modern” infrastructure disrupts place-based hydrosocial 
cycles, eroding communal resource governance. Some of 
the respondents also stated that they used pond water for 
cooking and drinking as well. Moreover, almost all of the 
ponds were utilized for fishing at that time, which sup-
ported many households financially. Respondents men-
tioned that they also did not have to actively maintain the 

ponds regularly, which included removing algae or any 
floating waste, as the pollution level was low.

Utilization of pond banks  Pond banks in the study area serve 
as vital multifunctional spaces, addressing both socio-cul-
tural needs and livelihood demands amid acute land scar-
city. Communities repurpose these margins as cemeteries, 
poultry farms, and vegetable gardens—practices particularly 
prevalent in densely populated rural regions. Elevated banks 
are commonly used for burials by both Muslim and Hindu 
residents, a tradition that conserves land while reinforcing 
cultural continuity.

These practices exemplify the concept of “multifunc-
tional landscapes” (Fischer et al. 2015), where ecosystems 
simultaneously fulfill material, cultural, and spiritual needs. 
However, encroaching land privatization and pollution 
increasingly threaten these communal spaces, mirroring 
patterns observed across the Global South where urbaniza-
tion displaces traditional land-use systems (Rademacher and 
Sivaramakrishna, 2013). The degradation of pond banks not 
only erodes ecological functionality but also disrupts the 
socio-cultural practices embedded in them, underscoring the 
interdependence of human and environmental well-being.

Food, medicine, and fuel  Ponds in the study area serve as 
critical reservoirs of biodiversity, directly supporting local 
livelihoods through the provision of wild foods, medicinal 
plants, and fuel. Approximately 31% of respondents report 
harvesting organically grown food and medicinal plants, 
such as water taro (Colocasia esculenta), water spinach 
(Ipomoea aquatica), Indian Pennywort (Centella asiatica), 
and bitter vine (Mikania micrantha), from pond margins. 
These species, which grow spontaneously rather than being 
cultivated, contribute to dietary diversity and traditional 
healthcare. Additionally, ponds supply nutrient-rich fish 
stocks and organic fuel sources: leaves, twigs, and branches 
accumulating along pond banks are routinely collected for 
low-cost cooking fuel.

Beyond direct provisioning, ponds enable agroeco-
logical practices such as integrated duck-fish farming. 
Introduced in 1986 by the Bangladesh Fisheries Research 
Institute as a sustainable technique, this system remains 
underutilized compared to neighboring regions like India. 
Ducks forage on pond organisms (e.g., duckweed, snails), 
while their droppings fertilize water to enhance fish pro-
ductivity (Sasmal et al. 2010). The practice requires no 
additional land, as duck shelters are built on pond dikes, 
and relies on year-round water availability. Historically, 
61% of respondents collected duckweed and snails from 
ponds as primary feed, often using coconut leaves to 
attract snails. However, declining water quality has led 
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households to restrict ducks from polluted ponds, despite 
the birds’ natural inclination to forage there.

The gathering of wild foods and medicinal plants reflects 
the enduring role of traditional ecological knowledge (TEK) 
in rural resilience (Turner et al. 2011). Species like water 
taro and Indian Pennywort represent biocultural heritage, 
yet their decline due to pond degradation signals losses in 
both biodiversity and Indigenous pharmacopeia (Cámara-
Leret et al. 2019). Similarly, the abandonment of duck rear-
ing, despite its proven agroecological benefits, highlights 
systemic barriers to sustainable innovation. Pond pollution 
disrupts synergies between aquaculture and poultry farming, 
a pattern consistent with global observations of how ecologi-
cal degradation undermines biodiversity-dependent systems 
(Kremen and Merenlender 2018). These trends illustrate the 
fragility of TEK-driven practices in the face of environmen-
tal and institutional pressures.

Regulating contributions

Cooling effects during summer  Ponds play a critical role 
in mitigating heat stress in rural Bangladesh, where energy 
poverty limits access to artificial cooling. Over 95% of 
respondents emphasized ponds’ cooling benefits, consist-
ent with global evidence positioning blue spaces as micro-
climate regulators (Gunawardena et al. 2017). Historically, 
ponds functioned as communal cooling hubs during heat-
waves, bolstering social cohesion—a form of “social infra-
structure” vital for climate resilience (Klinenberg 2018).

However, degraded ponds now lack the vegetative buffers 
necessary to sustain evaporative cooling, diminishing their 
capacity to generate cooling breezes or provide thermal 
respite. This decline mirrors trends in rapidly urbanizing 
regions, where encroachment and pollution impair natural 
cooling systems (Norton et al. 2015). The loss exacerbates 
thermal discomfort and disrupts communal practices, con-
tributing to solastalgia, a form of ecological grief, among 
elders who recall ponds as vibrant social spaces (Cunsolo 
and Ellis 2018).

Flood regulation and alternative water supply sup-
port  Annual flooding affects nearly all 210 survey respond-
ents (94%), exacerbating water security challenges for 
households dependent on groundwater, shallow tube wells, 
or piped water systems. Power outages during floods com-
pound these difficulties, disrupting access for piped water 
users and limiting pumping capabilities for groundwater-
reliant households.

Historically, communities mitigated flood-related water 
shortages by relying on ponds, which remained functional 
even during inundation. At the time, tube wells were 

uncommon, making ponds the primary water source for 
daily needs. Today, however, only 20.5% of respondents 
continue to depend on ponds during floods, as most are now 
submerged, silted, or contaminated. This decline under-
scores a critical paradox: while climate change intensifies 
flood frequency and severity (Shahid et al. 2016), degra-
dation of traditional water systems simultaneously erodes 
community resilience.

This shift reflects a global trend where engineered infra-
structure, such as embankments, displaces decentralized, 
nature-based flood management, often heightening risks for 
marginalized populations (Thorne et al. 2018). Nevertheless, 
hybrid systems merging traditional knowledge with mod-
ern adaptations persist. For example, some households still 
use ponds with raised edges, demonstrating how localized 
practices can enhance flood resilience. Yet siltation, pollu-
tion, and inadequate maintenance increasingly undermine 
these systems, mirroring patterns observed across South 
Asia, where neglected water bodies amplify vulnerabilities 
(Pervin et al. 2020).

Socio-economic disparities further shape flood impacts. 
Lower-income households reliant on shallow tube wells 
or piped water face compounded crises during power out-
ages, whereas wealthier groups mitigate risks through pri-
vate infrastructure, such as deep tube wells or water storage 
systems. This gradient highlights how systemic inequities 
intersect with environmental pressures, leaving margin-
alized groups disproportionately exposed to flooding’s 
consequences.

Immaterial contributions

Religious rituals using ponds  Nearly half of the respondents 
(48%) reported that pond degradation has severely hindered 
their ability to perform religious rituals, underscoring a cri-
sis of biocultural erosion. For Muslim communities, ponds 
are integral to spiritual practices: mosques rely on them for 
ablution (Wu’du) water, while weddings and festivals like 
Eid ul-Fitr require water from seven clean ponds for ritual 
showers. Torn Quran pages or papers bearing Arabic script 
are also traditionally disposed of in ponds, reflecting beliefs 
about water’s sanctity.

Hindu communities similarly depend on ponds for rituals 
such as Bel Kumari and Gonga Pooja, which honor water 
bodies through offerings of milk and food. During Durga 
Pooja, idols are ritually submerged in ponds—a practice now 
fraught with shame and frustration due to polluted waters. 
Respondents lamented that even idol sacrifices, once acts of 
reverence, feel disrespectful under current conditions. The 
abandonment of traditions like decorating ponds with oil 
lamps during Diwali further signals the unraveling of sacred 
human-nature relationships.
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This dissonance between ritual intent and ecological 
reality mirrors global patterns where pollution degrades 
both ecosystems and spiritual integrity (Verschuuren et al. 
2012). For Muslims, compromised ablution water disrupts 
communal solidarity; for Hindus, desecrated rituals reflect 
a loss of cultural identity. Such tensions exemplify how 
environmental decline erodes rites tied to natural elements 
(Aswani et al. 2018), severing ties to biocultural heritage.

Social cohesion  Ponds historically functioned as “third 
places” (Oldenburg 1999), which are neutral, inclusive hubs 
fostering intergenerational and interfaith bonds. Respond-
ents unanimously affirmed their role in strengthening social 
ties, particularly for women and children who gathered at 
ghats (steps) for bathing, laundry, and recreation. Before 
degradation, communal activities like swimming (100%), 
group bathing (90%), and evening gatherings (95%) were 
ubiquitous. Summer nights brought cold breezes, drawing 
residents to pond banks for storytelling, singing, and inter-
faith picnics—practices that transcended class and religious 
divides.

Today, 67.6% of respondents report these activities have 
ceased, with ponds transitioning from commons to sites 
of exclusion. Children no longer learn to swim, leading 
to drownings in neglected waters—a stark human cost of 
lost stewardship (Adger et al. 2013). The decline of shared 
spaces mirrors Bangladesh’s broader erosion of pluralis-
tic heritage, as resource degradation fractures collective 
identity (Berkes 2009). Privatized water infrastructure has 
compounded this shift, replacing communal interaction 
with individualistic resource use.

The loss extends beyond leisure: ponds once democra-
tized social capital by enabling cross-community dialogue 
(Putnam 2000). Elders now describe a fragmented society 
where interfaith gatherings and collaborative stewardship 
are relics of the past. This decline underscores how envi-
ronmental degradation reshapes not just ecosystems but 
the very fabric of human relationships.

Mental health impacts of ponds  The concept of the “blue 
mind,” which is the restorative psychological effects of 
proximity to water (Conrad et al. 2021), manifests vividly 
in rural Bangladesh, where ponds historically provided sanc-
tuary from agrarian life’s stresses. Over 90% of respondents 
emphasized ponds’ profound mental health benefits, describ-
ing how sitting beside these water bodies alleviated anxiety, 
improved concentration, and fostered peace. Many reported 
studying or meditating near ponds, practices corroborated by 
global evidence on blue spaces’ capacity to enhance cogni-
tive function and emotional well-being (Britton et al. 2020).

Conversely, pond degradation has precipitated significant 
psychological distress. Sixty-one percent of respondents 
noted diminished aesthetic appeal and emotional attach-
ment to ponds, eroding their sense of connection to these 
spaces. This loss extends beyond functionality: participants 
mourned the dissolution of cultural rituals and intergener-
ational bonds, echoing Zimmer et al.’s (2020) findings in 
Gujarat, where degraded water bodies fractured community 
identity. The collective grief over these changes exemplifies 
solastalgia—a form of ecological mourning for lost environ-
ments (Albrecht et al. 2007).

Altered pondscapes also disrupt “sense of place,” chal-
lenging individuals’ emotional ties to their surroundings 
(Warsini et al. 2014) and undermining feelings of belong-
ing (McNamara and Westoby 2011). Respondents described 
heightened melancholy and rural identity erosion as pollu-
tion stripped ponds of their tranquility and scenic beauty, 
paralleling Tschakert et al.’s (2013) documentation of emo-
tional suffering linked to environmental decline.

While marginalized groups bear disproportionate bur-
dens, affluent households also lament lost relational non-
material benefits. Wealthier interviewees highlighted the 
irreplaceable value of pondside gatherings, aesthetic enjoy-
ment, and nature connection—losses that privatized alter-
natives cannot offset (Chan et al. 2012). This underscores 
the universality of blue spaces’ cultural and psychological 
significance, transcending socio-economic divides.

Causes for the degradation of pondscapes

Respondents identified multiple anthropogenic drivers 
degrading pondscapes. The most frequently cited fac-
tor is pollution from drains, septic tanks, and residential 
pipes, which has rendered ponds unusable for daily needs, 
prompting households to adopt privatized alternatives like 
tube wells or piped water. While this shift might appear as 
a neutral substitution of water sources, it masks significant 
socio-ecological trade-offs. First, abandoned ponds become 
dumping grounds for household waste due to inadequate 
waste management, accelerating eutrophication and further 
degrading water quality—a vicious cycle where pollution 
drives abandonment, and abandonment exacerbates pollution 
(Krzysztofik et al. 2015). Second, privatization reconfigures 
power dynamics (Cornea et al. 2016): affluent households 
transition seamlessly to “modern” systems, while marginal-
ized groups, particularly women and low-income families, 
remain dependent on degraded ponds for washing, bathing, 
and rituals, amplifying inequities in access to clean water.

The shift to privatized infrastructure also disrupts com-
munal stewardship. Shared ownership of ponds, while 
historically fostering collective management, now incites 
conflicts over responsibilities (Huq 2017), leading to over-
extraction and neglect. These conflicts are compounded by 
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population growth, which strains finite water resources and 
exacerbates eutrophication, a process accelerated by nutrient 
runoff from densely populated areas. Furthermore, financial 
barriers deter maintenance: constructing flood walls or stairs 
to improve accessibility is often prohibitively expensive for 
low-income households, reinforcing cycles of disrepair.

Critically, this substitution is not merely a replacement 
of water sources but a net loss of NCPs. Privatized systems 
fail to replicate ponds’ regulating contributions (e.g., flood 
buffering, microclimate cooling) or immaterial benefits (e.g., 
communal cohesion, spiritual practices). For example, aban-
doned ponds lose their role as social hubs, fracturing inter-
generational bonds and communal identity.

Conclusion and recommendations

While ponds are among Bangladesh’s most accessible and 
significant sources of water, a variety of human actions 
are presently causing them to lose most of their important 
aspects, such as greatly reducing the aquatic biodiversity that 
ponds uphold in a certain region, in addition to diminishing 
the important NCPs that ponds provide to human commu-
nities and the beauty of the environment. Despite being an 
important issue, research into ponds’ NCPs is one of the 
most neglected concerns that has not yet made an influential 
mark on the general public or legislators. As a result, this 
study assessed the consequences of pondscape degradation 
on NCPs that are currently experienced by the residents of 
Sultanpur Village in Chittagong.

This study found that significant NCPs of ponds, such as 
water and livelihood provision, flood and temperature regu-
lation, and socio-cultural contributions such as community 
building, recreation, mental health support, and spiritual 
and religious support, have dropped or even disappeared in 
recent years because of the pond water quality’s rapid deteri-
oration. Major causes include the community’s extreme reli-
ance on groundwater, which eventually makes pond water 
redundant, the rapid pace of urbanization, disputes among 
pond owners over responsibilities, the disposal of house-
hold waste into the water through septic tanks, drains, or 
connected sewage pipes, frequent flooding and extreme lack 
of pond management, financial support, strict policies, and 
awareness among local to higher authorities. Many aquatic 
species and surface animals that also depend heavily on the 
pond as their main source of food, shelter, and water are also 
being severely impacted. The results of the study highlighted 
that one of the primary roadblocks to the respondents using 
the pond was its polluted water.

The degradation of rural ponds in Bangladesh under-
scores a crisis not only of biodiversity loss but of severed 
human-nature relationships, as communities lose access 
to critical NCPs that have sustained material, cultural, and 

spiritual well-being for generations. Our findings reveal that 
ponds, once hubs of water provisioning, flood regulation, 
and socio-cultural exchange, now face abandonment due to 
pollution, privatization, and shifting societal imaginaries 
that equate “modernity” with piped water and tube wells 
(Zimmer et al. 2020; Bryant and Bailey 1997). The substitu-
tion and/or abandonment of ponds represents a net loss of 
regulating and cultural NCPs, as these systems fail to repli-
cate ponds’ flood buffering, microclimate cooling, or com-
munal cohesion. This decline disproportionately burdens 
marginalized groups: women navigate heightened health 
risks and emotional labor as polluted ponds become their 
only water source, while elders mourn the erosion of rituals 
and communal storytelling, reflecting a collective solastalgia 
for lost landscapes. Yet, proposed policy interventions often 
overlook these relational NCPs, favoring technical fixes like 
concrete embankments or chemical treatments that further 
alienate communities from their ecological heritage (Cornea 
et al. 2016; Escobar 1999).

Bangladesh’s existing policies, such as the National Water 
Policy (1999), lack explicit provisions for pond conservation 
as NbS. While these frameworks emphasize water security 
and aquaculture productivity, they overlook ponds’ socio-
cultural and ecological roles, reflecting a broader global 
trend where small water bodies are excluded from envi-
ronmental legislation (Hill et al. 2018). This policy gap is 
exacerbated by fragmented governance, where overlapping 
mandates between local governments, fisheries departments, 
and NGOs create regulatory voids, enabling pollution and 
encroachment (Berbés-Blázquez et al. 2016). Meanwhile, 
donor-driven projects prioritize visible, short-term “solu-
tions” over communal stewardship, sidelining marginal-
ized voices in decision-making (Ostrom 1990). To coun-
ter this, policies must re-center NCPs as multidimensional 
and co-produced through human-nature relationships. Co-
management agreements, informed by Ostrom’s principles 
of collective action, could empower women and landless 
households to govern ponds as commons, reconciling eco-
logical restoration with cultural revitalization. Participatory 
mapping of NCPs, such as the role of ponds in mental health 
or intergenerational bonding, could further elevate context-
specific values in policy design, challenging neoliberal met-
rics that reduce nature to economic inputs (Chan et al. 2012). 
Moreover, legal recognition of ponds as biocultural herit-
age sites, akin to protections for sacred groves or traditional 
water systems, would institutionalize these relational NCPs, 
ensuring rituals like Wu’du and Durga Pooja endure as living 
practices rather than relics.

Policy integration requires aligning local practices with 
global NbS agendas, such as the International Union for 
Conservation of Nature (IUCN)’s Standards, to secure fund-
ing and technical support for pond restoration. Ethnographic 
studies could expose how international development projects 
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inadvertently entrench elite capture of resources (Li 2007), 
while interfaith collaborations around pond festivals might 
model inclusive stewardship. By re-centering ponds as sites 
of socio-ecological justice, Bangladesh can reclaim these 
water bodies as linchpins of biodiversity, cultural identity, 
and climate resilience. Biocultural heritage frameworks 
(Escobar 1999) could inform legal strategies to recognize 
ponds as sacred sites under national biodiversity laws, ensur-
ing rituals like Wu’du endure as living traditions rather than 
museum artifacts. Overall, institutional reforms must prior-
itize ponds in national climate adaptation strategies, ensur-
ing they are recognized not as relics of the past but as vital 
NbS for sustainable futures.

The degradation of pondscapes in Bangladesh under-
scores urgent gaps in understanding the socio-political, 
cultural, and ecological interplay shaping the provision and 
erosion of NCPs. Future research must prioritize investiga-
tions into the gendered dimensions of NCP loss, particularly 
how privatization reconfigures women’s roles from stew-
ards of communal resources to marginalized users navigat-
ing polluted ponds. Building on Sultana’s (2011) work on 
emotional geographies of water insecurity, studies could 
explore how intra-household power dynamics shift with the 
adoption of tube wells, and how women negotiate the dual 
burdens of water collection and societal blame for “back-
ward” practices. Concurrently, relational values, such as the 
solastalgia elders express over lost rituals like Gonga Pooja 
or communal storytelling, demand deeper inquiry. Frame-
works like ecological grief (Cunsolo and Ellis 2018) could 
quantify these immaterial losses, challenging neoliberal 
metrics that prioritize commodifiable services over cultural 
continuity. Equally critical is examining how social capi-
tal, bonding ties within kinship networks or bridging alli-
ances with NGOs, shapes adaptive governance in contexts 
of institutional neglect. Drawing on Pretty’s (2003) insights 
into the role of social capital in sustainable resource man-
agement, future studies could investigate how interfaith 
collaborations around pond festivals (e.g., Hindu-Muslim 
joint stewardship during Durga Pooja or Eid) foster collec-
tive action, or conversely, how land disputes fragment com-
munity cohesion. For instance, do interfaith collaborations 
around pond festivals enhance collective action, or do land 
disputes fragment stewardship efforts? In addition, draw-
ing on Hill et al. (2021a), examining how pond networks 
mitigate climate risks (e.g., flood regulation) and enhance 
biodiversity in agroecological landscapes can be critical to 
shed light on pondscape connectivity and resilience. Politi-
cal ecology lenses (Bryant and Bailey 1997) could further 
unravel how global discourses like “modernization” inter-
sect with local power structures to legitimize mega-infra-
structure projects while sidelining communal ponds. Such 
interdisciplinary inquiries would not only advance NCP 
scholarship but also re-center conservation as a pathway to 

socio-environmental justice, bridging ecological restoration 
with cultural revitalization.

Acknowledgements  Our sincere gratitude to Sohana Khanam, Sadia 
Hamid, and the AUW lab teaching assistant, Vidyashini, for assist-
ing us with data collection, entry, and analysis. Also, we would like 
to extend our gratitude to Jebunnesa and the Raozan Union Council 
members for supporting us with important documents and information.

Funding  We would like to thank the Asian University for Women 
(AUW) for providing financial support, without which this study would 
not have been possible.

Data Availability  None of the data/code generated and/or analyzed dur-
ing the current study is publicly available because it contains informa-
tion that could compromise the privacy of research participants. This 
confidentiality is being maintained as stipulated by the institutional 
ethical review committee.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Adams EA, Zulu L, Ouellette-Kray Q (2020) Community water gov-
ernance for urban water security in the Global South: status, les-
sons, and prospects. WIREs Water 7(5):e1466. https://​doi.​org/​10.​
1002/​wat2.​1466

Adger WN, Barnett J, Brown K, Marshall N, O’Brien K (2013) Cul-
tural dimensions of climate change impacts and adaptation. Nat 
Clim Chang 3(2):112–117. https://​doi.​org/​10.​1038/​nclim​ate16​66

Adhikari S, Kingi T, Ganesh S (2014) Incentives for community par-
ticipation in the governance and management of common property 
resources: the case of community forest management in Nepal. 
For Policy Econ 44:1–9. https://​doi.​org/​10.​1016/j.​forpol.​2014.​
04.​003

Ahmed BN, Waibel H (2019) The role of homestead fish ponds for 
household nutrition security in Bangladesh. Food Secur 11:835–
854. https://​doi.​org/​10.​1007/​s12571-​019-​00947-6

Albrecht G, Sartore GM, Connor L, Higginbotham N, Freeman S et al 
(2007) Solastalgia: the distress caused by environmental change. 
Australas Psychiatry 15(Suppl 1):S95–S98. https://​doi.​org/​10.​
1080/​10398​56070​17012​88

Aswani S, Lemahieu A, Sauer WH (2018) Global trends of local 
ecological knowledge and future implications. PloS One 
13(4):e0195440. https://​doi.​org/​10.​1371/​journ​al.​pone.​01954​40

Bailey KM, McCleery RA, Barnes G (2019) The role of capital in 
drought adaptation among rural communities in Eswatini. Ecol 
Soc 24(3). https://​doi.​org/​10.​5751/​es-​10981-​240308

Berbés-Blázquez M, González JA, Pascual U (2016) Towards an eco-
system services approach that addresses social power relations. 
Curr Opin Environ Sustain 19:134–143. https://​doi.​org/​10.​1016/j.​
cosust.​2016.​02.​003

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/wat2.1466
https://doi.org/10.1002/wat2.1466
https://doi.org/10.1038/nclimate1666
https://doi.org/10.1016/j.forpol.2014.04.003
https://doi.org/10.1016/j.forpol.2014.04.003
https://doi.org/10.1007/s12571-019-00947-6
https://doi.org/10.1080/10398560701701288
https://doi.org/10.1080/10398560701701288
https://doi.org/10.1371/journal.pone.0195440
https://doi.org/10.5751/es-10981-240308
https://doi.org/10.1016/j.cosust.2016.02.003
https://doi.org/10.1016/j.cosust.2016.02.003


	 Regional Environmental Change (2025) 25:9292  Page 10 of 12

Berkes F (2009) Community conserved areas: policy issues in historic 
and contemporary context. Conserv Lett 2(1):20–25. https://​doi.​
org/​10.​1111/j.​1755-​263x.​2008.​00040.x

Britton E, Kindermann G, Domegan C, Carlin C (2020) Blue care: a 
systematic review of blue space interventions for health and well-
being. Health Promot Int 35(1):50–69. https://​doi.​org/​10.​1093/​
heapro/​day103

Bryant RL, Bailey S (1997) Third world political ecology. Routledge, 
London

Cámara-Leret R, Fortuna MA, Bascompte J (2019) Indigenous knowl-
edge networks in the face of global change. Proc Natl Acad Sci 
USA 116(20):9913–9918. https://​doi.​org/​10.​1073/​pnas.​18218​
43116

Chan KM, Satterfield T, Goldstein J (2012) Rethinking ecosystem 
services to better address and navigate cultural values. Ecol 
Econ 74:8–18. https://​doi.​org/​10.​1016/j.​ecole​con.​2011.​11.​011

Chigbu U, Izugbara CO, de Vries WT (2017) Land, culture, culture 
loss and community: rural insights from sub-Saharan Africa. In 
The Routledge handbook of community development. Kenny S, 
Clarke M, Connolly C, Hodgson M Eds.: Routledge, Abingdon 
98–114

Conrad K, Cleland R, Reyes N (2021) The blue mind. From hur-
ricanes to epidemics: The ocean’s evolving impact on human 
health. In Interdisciplinary approaches to climate change and 
health. Cervone D, Cinti A Eds.: Springer, Cham 59–65

Cornea N, Zimmer A, Véron R (2016) Ponds, power and institutions: 
the everyday governance of accessing urban water bodies in a 
small Bengali city. Int J Urban Reg Res 40(2):395–409. https://​
doi.​org/​10.​1111/​1468-​2427.​12377

Costanza R, de Groot R, Sutton P, van der Ploeg S, Anderson SJ 
et al (2014) Changes in the global value of ecosystem services. 
Glob Environ Change 26:152–158. https://​doi.​org/​10.​1016/j.​
gloen​vcha.​2014.​04.​002

Cuenca-Cambronero M, Blicharska M, Perrin JA, Davidson TA, 
Oertli B et  al (2023) Challenges and opportunities in the 
use of ponds and pondscapes as Nature-based Solutions. 
Hydrobiologia 850:3257–3271. https://​doi.​org/​10.​1007/​
s10750-​023-​05149-y

Cunsolo A, Ellis NR (2018) Ecological grief as a mental health 
response to climate change-related loss. Nat Clim Change 
8(4):275–281. https://​doi.​org/​10.​1038/​s41558-​018-​0092-2

Davies B, Biggs J, Williams P, Whitfield M, Nicolet P et al (2008) 
Comparative biodiversity of aquatic habitats in the European agri-
cultural landscape. Agric Ecosyst Environ 125(1–4):1–8. https://​
doi.​org/​10.​1016/j.​agee.​2007.​10.​006

Davies C, Chen WY, Sanesi G, Lafortezza R (2021) The European 
Union roadmap for implementing nature-based solutions: a 
review. Environ Sci Policy 121:49–67. https://​doi.​org/​10.​1016/j.​
envsci.​2021.​03.​018

Dey MM, Bose ML, Alam MF (2008) Recommendation domains for 
pond aquaculture – country case study: development and status of 
freshwater aquaculture in Bangladesh. WorldFish Center Studies 
and Reviews No. 1872, Penang

Díaz S, Pascual U, Stenseke M, Martín-López B, Watson RT et al 
(2018) Assessing nature’s contributions to people. Science 
359(6373):270–272. https://​doi.​org/​10.​1126/​scien​ce.​aap88​26

Escobar A (1999) After nature: steps to an antiessentialist political 
ecology. Curr Anthropol 40(1):1–30. https://​doi.​org/​10.​1086/​
515799

Fischer J, Gardner TA, Bennett EM, Balvanera B, Biggs R et al (2015) 
Advancing sustainability through mainstreaming a social–eco-
logical systems perspective. Curr Opin Environ Sustain 14:1144–
1149. https://​doi.​org/​10.​1016/j.​cosust.​2015.​06.​002

Fischer HW (2018) Harnessing the state: social transformation, infra-
structural development, and the changing governance of water 
Systems in the Kangra District of the Indian Himalayas. In 

Mountains: Physical, Human-Environmental, and Sociocultural 
Dynamics. Singh RB, Mal S Eds.: Routledge, London 243–252

Gozlan RE, Karimov BK, Zadereev E, Kuznetsova D, Brucet S (2019) 
Status, trends, and future dynamics of freshwater ecosystems in 
Europe and Central Asia. Inland Waters 9(1):78–94. https://​doi.​
org/​10.​1080/​20442​041.​2018.​15102​71

Gunawardena KR, Wells MJ, Kershaw T (2017) Utilising green and 
bluespace to mitigate urban heat island intensity. Sci Total Envi-
ron 584:1040–1055. https://​doi.​org/​10.​1016/j.​scito​tenv.​2017.​01.​
158

Hill MJ, Hassall C, Oertli B, Fahrig L, Robson BJ et al (2018) New 
policy directions for global pond conservation. Conserv Lett 
11(5):e12447. https://​doi.​org/​10.​1111/​conl.​12447

Hill MJ, Greaves HM, Sayer CD, Hassall C, Milin M et al (2021a) 
Pond ecology and conservation: research priorities and knowl-
edge gaps. Ecosphere 12:e03853. https://​doi.​org/​10.​1002/​ecs2.​
3853

Hill R, Díaz S, Pascual U, Stenseke M, Molnár Z et al (2021b) Nature’s 
contributions to people: Weaving plural perspectives. One Earth 
4(7):910–915. https://​doi.​org/​10.​1016/j.​oneear.​2021.​06.​009

Holgerson MA, Raymond PA (2016) Large contribution to inland 
water CO2 and CH4 emissions from very small ponds. Nat Geosci 
9:222–226. https://​doi.​org/​10.​1038/​ngeo2​654

Hommes L, Hoogesteger J, Boelens R (2022) (Re) making hydrosocial 
territories: materializing and contesting imaginaries and subjec-
tivities through hydraulic infrastructure. Pol Geog 97:102698. 
https://​doi.​org/​10.​1016/j.​polgeo.​2022.​102698

Horváth Z, Ptacnik R, Vad CF, Chase JM (2019) Habitat loss over six 
decades accelerates regional and local biodiversity loss via chang-
ing landscape connectance. Ecol Lett 22(6):1019–1027. https://​
doi.​org/​10.​1111/​ele.​13260

Huda KS, Atkins PJ, Donoghue DN, Cox NJ (2010) Small water bod-
ies in Bangladesh. Area 42(2):217–227. https://​doi.​org/​10.​1111/j.​
1475-​4762.​2009.​00909.x

Huq N (2017) Small scale freshwater ponds in rural Bangladesh: navi-
gating roles and services. Int J Water 11(1):173–185. https://​doi.​
org/​10.​1504/​ijw.​2017.​081112

IPBES (2019) Global assessment report on biodiversity and ecosys-
tem services of the Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services. IPBES Secretariat, Bonn, 
Germany. https://​doi.​org/​10.​5281/​zenodo.​38316​73

Islam R, Hossain MB, Islam MN, Islam MM, Islam MT (2020) Nutri-
ent composition of small indigenous fish species (SIS) from 
homestead ponds of Noakhali Coast, Bangladesh. Egypt J Aquat 
Biol Fish 24(7):943–954. https://​doi.​org/​10.​21608/​ejabf.​2020.​
133693

Islam S, Bhowmik S, Majumdar PR, Srzednicki G, Rahman M et al 
(2021) Nutritional profile of wild, pond-, gher- and cage-cultured 
tilapia in Bangladesh. Heliyon 7(5):e07133. https://​doi.​org/​10.​
1016/j.​heliy​on.​2021.​e06968

IUCN (2020) Guidance for using the IUCN Global Standard for 
Nature-based Solutions. IUCN, Gland

Kabisch N, van den Bosch M, Lafortezza R (2017) The health benefits 
of nature-based solutions to urbanization challenges for children 
and the elderly – a systematic review. Environ Res 159:362–373. 
https://​doi.​org/​10.​1016/j.​envres.​2017.​08.​004

Kadykalo AN, López-Rodriguez MD, Ainscough J, Droste N, Ryu 
H et al (2019) Disentangling ‘ecosystem services’ and ‘nature’s 
contributions to people.’ Ecosyst People 15(1):269–287. https://​
doi.​org/​10.​1080/​26395​916.​2019.​16697​13

Kawsar MA, Alam MT, Pandit D, Rahman MM, Mia M et al (2022) 
Status of disease prevalence, drugs and antibiotics usage in pond-
based aquaculture at Narsingdi district, Bangladesh: a major pub-
lic health concern and strategic appraisal for mitigation. Heliyon 
8(3):e09037. https://​doi.​org/​10.​1016/j.​heliy​on.​2022.​e09060

https://doi.org/10.1111/j.1755-263x.2008.00040.x
https://doi.org/10.1111/j.1755-263x.2008.00040.x
https://doi.org/10.1093/heapro/day103
https://doi.org/10.1093/heapro/day103
https://doi.org/10.1073/pnas.1821843116
https://doi.org/10.1073/pnas.1821843116
https://doi.org/10.1016/j.ecolecon.2011.11.011
https://doi.org/10.1111/1468-2427.12377
https://doi.org/10.1111/1468-2427.12377
https://doi.org/10.1016/j.gloenvcha.2014.04.002
https://doi.org/10.1016/j.gloenvcha.2014.04.002
https://doi.org/10.1007/s10750-023-05149-y
https://doi.org/10.1007/s10750-023-05149-y
https://doi.org/10.1038/s41558-018-0092-2
https://doi.org/10.1016/j.agee.2007.10.006
https://doi.org/10.1016/j.agee.2007.10.006
https://doi.org/10.1016/j.envsci.2021.03.018
https://doi.org/10.1016/j.envsci.2021.03.018
https://doi.org/10.1126/science.aap8826
https://doi.org/10.1086/515799
https://doi.org/10.1086/515799
https://doi.org/10.1016/j.cosust.2015.06.002
https://doi.org/10.1080/20442041.2018.1510271
https://doi.org/10.1080/20442041.2018.1510271
https://doi.org/10.1016/j.scitotenv.2017.01.158
https://doi.org/10.1016/j.scitotenv.2017.01.158
https://doi.org/10.1111/conl.12447
https://doi.org/10.1002/ecs2.3853
https://doi.org/10.1002/ecs2.3853
https://doi.org/10.1016/j.oneear.2021.06.009
https://doi.org/10.1038/ngeo2654
https://doi.org/10.1016/j.polgeo.2022.102698
https://doi.org/10.1111/ele.13260
https://doi.org/10.1111/ele.13260
https://doi.org/10.1111/j.1475-4762.2009.00909.x
https://doi.org/10.1111/j.1475-4762.2009.00909.x
https://doi.org/10.1504/ijw.2017.081112
https://doi.org/10.1504/ijw.2017.081112
https://doi.org/10.5281/zenodo.3831673
https://doi.org/10.21608/ejabf.2020.133693
https://doi.org/10.21608/ejabf.2020.133693
https://doi.org/10.1016/j.heliyon.2021.e06968
https://doi.org/10.1016/j.heliyon.2021.e06968
https://doi.org/10.1016/j.envres.2017.08.004
https://doi.org/10.1080/26395916.2019.1669713
https://doi.org/10.1080/26395916.2019.1669713
https://doi.org/10.1016/j.heliyon.2022.e09060


Regional Environmental Change (2025) 25:92	 Page 11 of 12  92

Kayser GL, Rao N, Jose R, Raj A (2019) Water, sanitation and hygiene: 
measuring gender equality and empowerment. Bull World Health 
Organ 97(6):438. https://​doi.​org/​10.​2471/​blt.​18.​223305

Keesstra S, Nunes J, Novara A, Finger D, Avelar D et al (2018) The 
superior effect of nature-based solutions in land management for 
enhancing ecosystem services. Sci Total Environ 610:997–1009. 
https://​doi.​org/​10.​1016/j.​scito​tenv.​2017.​08.​077

Khan MA, Roll KH, Guttormsen A (2021) Profit efficiency of Pangas 
(Pangasius hypophthalmus) pond fish farming in Bangladesh – the 
effect of farm size. Aquaculture 539:736662. https://​doi.​org/​10.​
1016/j.​aquac​ulture.​2021.​736662

Klinenberg E (2018) Palaces for the people: how social infrastructure 
can help fight inequality, polarization, and the decline of civic 
life. Vintage, London

Kremen C, Merenlender AM (2018) Landscapes that work for biodi-
versity and people. Science 362(6412):eaau6020. https://​doi.​org/​
10.​1126/​scien​ce.​aau60​20

Krzysztofik R, Dymitrow M, Szmytkie R, Kantor-pietraga I, Pełka-
gościniak J et al (2015) Environmental hazards and urban aban-
donment: case studies and typological issues. Geogr Ann b: Hum 
Geogr 97(4):291–308. https://​doi.​org/​10.​1111/​geob.​12082

Landuyt D, Lemmens P, D’hondt R, Broekx S, Liekens I et al (2014) 
An ecosystem service approach to support integrated pond man-
agement: a case study using Bayesian belief networks – highlight-
ing opportunities and risks. J Environ Manag 145:79–87. https://​
doi.​org/​10.​1016/j.​jenvm​an.​2014.​06.​015

Li TM (2007) The will to improve: governmentality, development, and 
the practice of politics. Duke University Press, North Carolina. 
https://​doi.​org/​10.​1515/​97808​22389​781

Liquete C, Udias A, Conte G, Grizetti B, Masi F (2016) Integrated 
valuation of a nature-based solution for water pollution control. 
Highlighting hidden benefits. Ecosyst Serv 22(Part B):392–401. 
https://​doi.​org/​10.​1016/j.​ecoser.​2016.​09.​011

McNamara KE, Westoby R (2011) Solastalgia and the gendered 
nature of climate change: an example from Erub Island, Tor-
res Strait. EcoHealth 8:233–236. https://​doi.​org/​10.​1007/​
s10393-​011-​0698-6

Mendes R, Fidélis T, Roebeling P, Teles F (2020) The institutionaliza-
tion of nature-based solutions – a discourse analysis of emergent 
literature. Resources 9(1):6. https://​doi.​org/​10.​3390/​resou​rces9​
010006

Muradian R, Gómez-Baggethun E (2021) Beyond ecosystem services 
and nature’s contributions: is it time to leave utilitarian environ-
mentalism behind? Ecol Econ 185:107038. https://​doi.​org/​10.​
1016/j.​ecole​con.​2021.​107038

Neela FA, Banu MNA, Rahman MA, Rahman MH, Alam MF et al 
(2015) Occurrence of antibiotic resistant bacteria in pond 
water associated with integrated poultry-fish farming in Bang-
ladesh. Sains Malays 44(3):371–377. https://​doi.​org/​10.​17576/​
jsm-​2015-​4403-​08

Norton BA, Coutts AM, Livesley SJ, Harris RJ, Hunter AM et al 
(2015) Planning for cooler cities: a framework to prioritise green 
infrastructure to mitigate high temperatures in urban landscapes. 
Landsc Urban Plan 134:127–138. https://​doi.​org/​10.​1016/j.​landu​
rbplan.​2014.​10.​018

Oertli B, Parris KM (2019) Toward management of urban ponds for 
freshwater biodiversity. Ecosphere 10(7):e02810. https://​doi.​org/​
10.​1002/​ecs2.​2810

Oldenburg R (1999) The great good place: cafes, coffee shops, book-
stores, bars, hair salons, and other hangouts at the heart of a com-
munity. Marlowe & Company, New York

Ostrom E (1990) Governing the commons: the evolution of institutions 
for collective action. Cambridge University Press, Cambridge

Paerregaard K, Ullberg SB, Brandshaug M (2020) Smooth flows? 
Hydrosocial communities, water governance and infrastructural 

discord in Peru’s southern highlands. Water Int 45(3):169–188. 
https://​doi.​org/​10.​1080/​02508​060.​2020.​17555​38

Pascual U, Balvanera P, Díaz S, Pataki G, Roth E et al (2017) Valuing 
nature’s contributions to people: the IPBES approach. Curr Opin 
Environ Sustain 26–27:7–16. https://​doi.​org/​10.​1016/j.​cosust.​
2016.​12.​006

Pervin IA, Rahman SMM, Nepal M, Haque AKE, Karim H et al (2020) 
Adapting to urban flooding: a case of two cities in South Asia. 
Water Pol 22(S1):162–188. https://​doi.​org/​10.​2166/​wp.​2019.​174

Plummer R, Crona B, Armitage DR, Olsson P, Tengö M et al (2012) 
Adaptive comanagement: a systematic review and analysis. Ecol 
Soc 17(3):11. https://​doi.​org/​10.​5751/​es-​04952-​170311

Pretty J (2003) Social capital and the collective management of 
resources. Science 302(5652):1912–1914. https://​doi.​org/​10.​1126/​
scien​ce.​10908​47

Putnam RD (2000) Bowling alone: the collapse and revival of Ameri-
can community. Simon and Schuster, New York

Rabbani G, Rahman SH, Faulkner L (2013) Impacts of climatic 
hazards on the small wetland ecosystems (ponds): evidence 
from some selected areas of coastal Bangladesh. Sustainability 
5(4):1510–1521. https://​doi.​org/​10.​3390/​su504​1510

Rabbani MG, Rahman SH, Munira S (2018) Prospects of pond eco-
systems as resource base towards community based adaptation 
(CBA) to climate change in coastal region of Bangladesh. J 
Water Clim Change 9(1):223–238. https://​doi.​org/​10.​2166/​wcc.​
2017.​047

Rademacher AM, Sivaramakrishnan K (2013) Ecologies of urbanism 
in India: metropolitan civility and sustainability (Vol. 1). Hong 
Kong University Press, Hong Kong.

Rahman MS, Kazal MMH, Rayhan SJ, Sujan MHK (2022) Poten-
tial for productivity improvements by implementing improved 
management practices in pond polyculture of Indian major carps 
in Bangladesh. Aquac Int 30:1–15. https://​doi.​org/​10.​1007/​
s10499-​021-​00799-y

Rahman MS, Kazal MMH, Rayhan SJ, Manjira S (2023) Adoption 
determinants of improved management practices and productivity 
in pond polyculture of carp in Bangladesh. Aquac Fish 8(1):96–
101. https://​doi.​org/​10.​1016/j.​aaf.​2021.​08.​009

Richardson DC, Holgerson MA, Farragher MJ, Hoffman KK, King 
KBS et al (2022) A functional definition to distinguish ponds from 
lakes and wetlands. Sci Rep 12(1):10472. https://​doi.​org/​10.​1038/​
s41598-​022-​14569-0

Roy-Basu A, Bharat GK, Chakraborty P, Sarkar SK (2020) Adaptive 
co-management model for the East Kolkata wetlands: a sustain-
able solution to manage the rapid ecological transformation of a 
peri-urban landscape. Sci Total Environ 698:134203. https://​doi.​
org/​10.​1016/j.​scito​tenv.​2019.​134203

Sadique A, Neogi SB, Bashar T, Sultana M, Johura F et al (2021) 
Dynamics, diversity, and virulence of Aeromonas spp. in home-
stead pond water in coastal Bangladesh. Public Health Front 
9:692166. https://​doi.​org/​10.​3389/​fpubh.​2021.​692166

Sasmal S, Chari MS, Vardia HK (2010) Role of duck droppings on 
pond productivity through fish-duck integrated farming system. 
Livest Res Rural Dev 22(9):41–47. http://​www.​lrrd.​org/​lrrd22/​9/​
sasm2​2172.​htm. Accessed 22 May 2025

Shahid S, Wang XJ, Harun SB, Shamsudin SB, Ismail T et al (2016) 
Climate variability and changes in the major cities of Bangla-
desh: observations, possible impacts and adaptation. Reg Environ 
Change 16:459–471. https://​doi.​org/​10.​1007/​s10113-​015-​0757-6

Sorenson SB, Morssink C, Campos PA (2011) Safe access to safe water 
in low income countries: water fetching in current times. Soc Sci 
Med 72(9):1522–1526. https://​doi.​org/​10.​1016/j.​socsc​imed.​2011.​
03.​010

Sugam R, Gupta B, Deka D (2018) Dying traditional water bodies 
in India struggling to survive against unplanned development. 

https://doi.org/10.2471/blt.18.223305
https://doi.org/10.1016/j.scitotenv.2017.08.077
https://doi.org/10.1016/j.aquaculture.2021.736662
https://doi.org/10.1016/j.aquaculture.2021.736662
https://doi.org/10.1126/science.aau6020
https://doi.org/10.1126/science.aau6020
https://doi.org/10.1111/geob.12082
https://doi.org/10.1016/j.jenvman.2014.06.015
https://doi.org/10.1016/j.jenvman.2014.06.015
https://doi.org/10.1515/9780822389781
https://doi.org/10.1016/j.ecoser.2016.09.011
https://doi.org/10.1007/s10393-011-0698-6
https://doi.org/10.1007/s10393-011-0698-6
https://doi.org/10.3390/resources9010006
https://doi.org/10.3390/resources9010006
https://doi.org/10.1016/j.ecolecon.2021.107038
https://doi.org/10.1016/j.ecolecon.2021.107038
https://doi.org/10.17576/jsm-2015-4403-08
https://doi.org/10.17576/jsm-2015-4403-08
https://doi.org/10.1016/j.landurbplan.2014.10.018
https://doi.org/10.1016/j.landurbplan.2014.10.018
https://doi.org/10.1002/ecs2.2810
https://doi.org/10.1002/ecs2.2810
https://doi.org/10.1080/02508060.2020.1755538
https://doi.org/10.1016/j.cosust.2016.12.006
https://doi.org/10.1016/j.cosust.2016.12.006
https://doi.org/10.2166/wp.2019.174
https://doi.org/10.5751/es-04952-170311
https://doi.org/10.1126/science.1090847
https://doi.org/10.1126/science.1090847
https://doi.org/10.3390/su5041510
https://doi.org/10.2166/wcc.2017.047
https://doi.org/10.2166/wcc.2017.047
https://doi.org/10.1007/s10499-021-00799-y
https://doi.org/10.1007/s10499-021-00799-y
https://doi.org/10.1016/j.aaf.2021.08.009
https://doi.org/10.1038/s41598-022-14569-0
https://doi.org/10.1038/s41598-022-14569-0
https://doi.org/10.1016/j.scitotenv.2019.134203
https://doi.org/10.1016/j.scitotenv.2019.134203
https://doi.org/10.3389/fpubh.2021.692166
http://www.lrrd.org/lrrd22/9/sasm22172.htm
http://www.lrrd.org/lrrd22/9/sasm22172.htm
https://doi.org/10.1007/s10113-015-0757-6
https://doi.org/10.1016/j.socscimed.2011.03.010
https://doi.org/10.1016/j.socscimed.2011.03.010


	 Regional Environmental Change (2025) 25:9292  Page 12 of 12

Water Resour Prot 10(06):539. https://​doi.​org/​10.​4236/​jwarp.​
2018.​106030

Sultana F (2009) Fluid lives: subjectivities, gender and water in rural 
Bangladesh. Gend Place Cult 16(4):427–444. https://​doi.​org/​10.​
1080/​09663​69090​30039​42

Sultana F (2011) Suffering for water, suffering from water: emotional 
geographies of resource access, control and conflict. Geoforum 
42(2):163–172. https://​doi.​org/​10.​1016/j.​geofo​rum.​2010.​12.​002

Sumi KR, Sharker MR, Rubel M, Islam MS (2023) Nutritional compo-
sition of available freshwater fish species from homestead ponds 
of Patuakhali. Bangladesh Food Chem Adv 3:100454. https://​doi.​
org/​10.​1016/j.​focha.​2023.​100454

Thorne CR, Lawson EC, Ozawa C, Hamlin SL, Smith LA (2018) Over-
coming uncertainty and barriers to adoption of Blue-Green Infra-
structure for urban flood risk management. J Flood Risk Manag 
11(S2):S960–S972. https://​doi.​org/​10.​1111/​jfr3.​12218

Tschakert P, Tutu R, Alcaro A (2013) Embodied experiences of envi-
ronmental and climatic changes in landscapes of everyday life 
in Ghana. Emot Space Soc 7:13–25. https://​doi.​org/​10.​1016/j.​
emospa.​2011.​11.​001

Turkelboom F, Demeyer R, Vranken L, Becker PD, Raymaekers F 
et al (2021) How does a nature-based solution for flood control 
compare to a technical solution? Case Study Evidence from 
Belgium Ambio 50(8):1431–1445. https://​doi.​org/​10.​1007/​
s13280-​021-​01548-4

Turner NJ, Łuczaj ŁJ, Migliorini P, Pieroni A, Dreon AL et al (2011) 
Edible and tended wild plants, traditional ecological knowledge 
and agroecology. Crit Rev Plant Sci 30(1–2):198–225. https://​doi.​
org/​10.​1080/​07352​689.​2011.​554492

Verschuuren B, Wild R, McNeely J (2012) Sacred natural sites: con-
serving nature and culture. IUCN, Gland

Vujcic M, Tomicevic-Dubljevic J, Grbic M, Lecic-Tosevski D, Vukovic 
O et al (2017) Nature based solution for improving mental health 
and well-being in urban areas. Environ Res 158:385–392. https://​
doi.​org/​10.​1016/j.​envres.​2017.​06.​030

Walelign SZ, Jiao X, Smith-Hall C (2020) Environmental reliance traps 
and pathways–theory and analysis of empirical data from rural 
Nepal. Front for Glob Change 3:571414. https://​doi.​org/​10.​3389/​
ffgc.​2020.​571414

Warsini S, Mills J, Usher K (2014) Solastalgia: living with the envi-
ronmental damage caused by natural disasters. Prehosp Disaster 
Med 29(1):87–90. https://​doi.​org/​10.​1017/​s1049​023x1​30092​66

Wutich A, Brewis A, Tsai A (2020) Water and mental health. WIRES. 
Water 7(5):e1461. https://​doi.​org/​10.​1002/​wat2.​1461

Zimmer A, Véron R, Cornea N (2020) Urban ponds, environmental 
imaginaries and (un)commoning: an urban political ecology of 
the pondscape in a small city in Gujarat, India. Water Altern 
13(2):225–247. https://​doaj.​org/​artic​le/​06252​1c146​b745d​595ff​
024ec​95549​df. Accessed 22 May 2025

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.4236/jwarp.2018.106030
https://doi.org/10.4236/jwarp.2018.106030
https://doi.org/10.1080/09663690903003942
https://doi.org/10.1080/09663690903003942
https://doi.org/10.1016/j.geoforum.2010.12.002
https://doi.org/10.1016/j.focha.2023.100454
https://doi.org/10.1016/j.focha.2023.100454
https://doi.org/10.1111/jfr3.12218
https://doi.org/10.1016/j.emospa.2011.11.001
https://doi.org/10.1016/j.emospa.2011.11.001
https://doi.org/10.1007/s13280-021-01548-4
https://doi.org/10.1007/s13280-021-01548-4
https://doi.org/10.1080/07352689.2011.554492
https://doi.org/10.1080/07352689.2011.554492
https://doi.org/10.1016/j.envres.2017.06.030
https://doi.org/10.1016/j.envres.2017.06.030
https://doi.org/10.3389/ffgc.2020.571414
https://doi.org/10.3389/ffgc.2020.571414
https://doi.org/10.1017/s1049023x13009266
https://doi.org/10.1002/wat2.1461
https://doaj.org/article/062521c146b745d595ff024ec95549df
https://doaj.org/article/062521c146b745d595ff024ec95549df

	Nature’s Contributions to People (NCP) of rural freshwater ponds in Bangladesh: An exploration of the impacts of pondscape degradation
	Abstract
	Introduction
	Methodology
	Results and discussion
	Current status of the pond ownership and primary use
	Nature’s Contributions to People provided by ponds
	Material contributions
	Regulating contributions
	Immaterial contributions

	Causes for the degradation of pondscapes

	Conclusion and recommendations
	Acknowledgements 
	References


