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Abstract

This study assessed stakeholder perceptions of government policy effectiveness, community
participation, and environmental awareness in conserving the Kodaikanal hill ecosystems, Western
Ghats, India. A cross-sectional survey was conducted among 100 respondents using a structured
questionnaire containing 22 Likert-scale items to evaluate ecological concerns, governance
effectiveness, and societal preparedness. Descriptive statistical analysis was used to interpret
responses. The findings revealed strong public concern regarding environmental degradation and
ecosystem sustainability. Seventy-seven percent of respondents agreed that biodiversity in
Kodaikanal is threatened by human activities (mean = 1.95 + 0.845), while 80% identified
deforestation as a major ecological threat (mean =1.91+ 0.877). Climate-related concerns were also
substantial, with 70% reporting that climate change threatens ecological balance (mean = 2.08 +
0.872) and 75% identifying climate change as a major concern affecting hill ecosystems (mean =
2.05 = 0.914). Tourism pressure was widely recognized, with 73% agreeing that tourism
development negatively affects the natural environment and 69% reporting that tourist activities
disturb ecological balance. Although 51% perceived local communities as participating in
conservation efforts, only 40% believed that government effectively involves communities in
environmental decision-making. Furthermore, only 34% expressed satisfaction with pollution
control measures. The results indicate a disconnect between public environmental awareness and
confidence in governance mechanisms. Strengthening participatory governance, improving
conservation policies, enhancing environmental education, and integrating sustainable tourism
practices are necessary to improve ecological resilience and long-term conservation outcomesin
Kodaikanal.

Keywords: Community participation; Government policy; Hill ecosystem conservation; Tourism
impact; Biodiversity; Kodaikanal

Introduction

Mountains are valued for their significant environmental services and for being centers of
biodiversity (Chakraborty, 2020). As cradles of biodiversity, mountains play a crucial ecological role
(Chakraborty, 2020; Norooziet al., 2018). Mountains are also recognized as the primary sources of
many of the world’s major drainage networks (Immerzeel et al., 2020). In addition to representing
the Earth’s abiotic diversity, mountains have recently gained attention for their extensive
geodiversity. Due to their steep gradients and associated climatic variations, mountains are
particularlyimportant becausethey connect abiotic and biotic diversity by compressing “life zones”
and creating numerous local niches that support diverse biomes (Chakraborty, 2020; Kérner and
Spehn, 2019).
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Soil productivityis negatively affected by land degradation through processes such as erosion, nutrient depletion,
acidity, salinity, and loss of organic matter. Soil degradation processes are influenced by various biophysical,
socioeconomic, and political factors and are further intensified by inappropriate land-use practices (Talukder, 2017;
Lebuy et al., 2022). Many of these practices are associated with intensive agriculture and over-specialization,
resulting in resource depletion, reduced soil productivity, and deterioration of landscapes as environmental,
cultural, and economic resources. Agricultural industrializationhas contributed to socioeconomicinstability in rural
regions, weakened agricultural competitivenessrelativeto other sectors, and degraded traditional landscapes and
their associated biodiversity. It has also disrupted the transmission of traditional knowledge essential for
maintaining local landscapes (Agnoletti, 2014).

Mountain ecosystems are highly temperature-sensitive; therefore, mountain regions are particularly vulnerable to
climate change (Pepinet al., 2015). Recent environmental changes have pushed numerous ecosystems toward the
boundaries of their historical range of variability (Duncan et al., 2010; Keane et al., 2009; Albrich et al., 2020),
increasing the likelihood of abrupt shifts in ecosystem structure and functioning (Scheffer et al., 2001). Given
projected future climate changes, one of the central goals of contemporary ecological research is to understand
whether ecosystems respond gradually or undergo sudden transitions under rising temperatures (Albrich et al.,
2020; Turner et al., 2020; Van Nes et al., 2016).

Communities residing within hill ecosystems have historically maintained a close relationship with their natural
surroundings. These resources formed the foundation of traditional economies before the transition toward
tourism-based development and the social and cultural transformations of the twentieth century. Nevertheless,
local communities continue to preserve valuable traditional knowledge and cultural heritage that have been
sustainably maintained. These include agricultural practices, regional production systems, environmentally
sustainable construction methods, local customs, and community institutions developed over generations through
adaptation to environmental conditions (Bertolino and Corrado, 2022).

Although the role of culture in local development processes within mountainous regions remains largely
unexplored, thereis substantial potential for research to support territorial development agendas based on cultural
practices, as demonstrated by successful examples from other regions (Bertolino and Corrado, 2022; Grodach,
2007).

Materials and methods

Study Site

Kodaikanal, a well-known hill station located in the Palani Hills, was selected as the study area (Fig. 1). Itis situated
at an elevation of approximately 6,990 feet (2,233 m) above sea level between the Parappar and Gundar valleys on
a plateau along the southern escarpment of the Upper Palani Hills (Srilekha, 2014). The study area covers
approximately 1,039.46 km2in the Western Ghats region of Tamil Nadu.

Geographically, the area extends between 10°06'25" and 10°26'54" N latitude and 77°14'26" and 77°4528" E
longitude (Christina, 2012). Historically, the Kodai highlands possessed rich biodiversity. However, increasing
cultivation of non-native vegetation for economic purposes has contributed to changes in native vegetation
patterns. Kodaikanal still contains important stretches of Shola forests, which are globally recognized ecosystems
occurring in limited regions. Dense evergreen forests occur where sufficient soil moisture and depth are available.
The rapidincrease in tourism has led to growing pressure on land use and changes in vegetation cover, resultingin
reduced forest boundaries and impacts on local wildlife (Athithiand Sivaperuma, 2025). Kodaikanal attracts a large
number of tourists annually and forms part of the eastern extension of the Western Ghats in southern India
(Srilekha, 2014).

Research Design

This study was conducted in Kodaikanal, Dindigul district, Tamil Nadu, India, during the period from Marchto June.
Data were collected using a structured questionnaire administered through Google Forms.The questionnaire
consisted of 22 items measured using a five-point Likert scale (ranging from strongly agree to strongly disagree) to
evaluate participants’ perceptions of ecological impacts and societal preparedness. The study included 100
respondents (N = 100) from the Kodaikanal region. Demographic information including age, gender, and
educational qualification was also collected. A random sampling technique was adopted to obtain a representative
sample of the study population. Atotal of 100 valid responses were collected and included inthe analysis. Informed
consent was obtained from all participants before they completed the Google Form.

The questionnaire was designed to obtain comprehensive information regarding respondents’ perceptions of
ecological concerns and societal preparedness in the Kodaikanal hill ecosystems. The survey included questions
addressing key environmental and governance issues, such as the impact of human activities on biodiversity, the
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involvement of local communities in environmental conservation, the adequacy of wildlife conservation efforts,
societal sustainability, and the effects of infrastructure development and tourism on the ecosystem.
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Fig. 1. Study area

The findings section included an analysis of respondents’ demographic characteristics, including age, gender, and
educational level. It also examined perceived changes in Kodaikanal’s ecological environment and assessed
community responses to these changes. The analysis focused on identifying relationships between ecological
impacts and societal vulnerability and generated policy recommendations aimed at improving community
resilience and reducing ecological pressures in the region.

The study further summarized the major findings related to ecological impacts and societal vulnerability and
proposed directions for futureresearch in Kodaikanal and other comparable hill ecosystems. Ethical standards were
strictly followed throughout the study to ensure that participants were adequately informed about the purpose of
the survey and voluntarily agreed to participate. The confidentiality of participants’ personal information was
maintained, and all collected data were used exclusively for research purposes.

Result and discussion

The survey respondents showed a slightly uneven gender distribution, with male participants marginally
outnumbering female participants in the total sample. Despite this imbalance, the sample reflects a reasonably
broad representation of the population, which supports obtaining diverse perspectivesin the survey responses. The
observed gender distribution may be influenced by social, cultural, or situational factors specific to the Kodaikanal
region that affected participation rates.

Gender is an important factor in understanding ecological and societal perceptions, as men and women may differ
in their experiences, responsibilities, and interactions with environmental issues. These differences can influence
how ecological challenges and community preparedness are perceived and addressed. Therefore, considering
gender dynamics provides valuable insight into interpreting community responses and developing inclusive
environmental policies.

An overview of the age distribution of survey participants is presented in Fig. 2. The largest proportion of
respondents belonged to the 18—25 years age group (42%), followed by participants aged 46—55 years (22%).
Respondents aged 26—35 years accounted for 17%, while those in the 36—45 years category represented 9% of the
total sample. Participants aged 56 years and above constituted 10%, making this the least represented age group.
The predominance of youngerrespondents (18—25years) may indicate greater participation of younger individuals
in environmental and social issues, possibly reflecting their higher engagement in educational, community, and
environmental activities. At the same time, the participation of middle-aged respondents (46-55 years) provides
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additional perspectives that may reflect greater familiarity with long-term environmental changes and local
ecological conditions. Theinclusion of participants across different age groups enhances the diversity of viewpoints
represented in the study and contributes to a broader understanding of ecological concerns and societal
preparedness in Kodaikanal.

m18-25 m26-35 m36-45 46-55 W56 & above
Fig. 2. Age distribution

The respondents were further categorized according to their educational qualifications, as shown in Table 1. The
majority of participants (57%) were undergraduates, followed by 20% postgraduates. Respondents with education
below the undergraduate level represented 17% of the sample, whereas 6% had qualifications above the
postgraduate level. The educational profile of respondentsindicates a relatively well-educated sample population,
which may contribute to informed responses and improved understanding of environmental and societal issues
addressed in the survey. The inclusion of participants with postgraduate and higher qualifications further
strengthens the study by providing perspectives that may reflect greater awareness of ecological and social
challenges affecting the Kodaikanal hill ecosystem.

Table 1. Educational Qualification

Educational Frequency Percentage (%)
Qualification

Below undergraduate | 17 17
Undergraduate 57 57
Postgraduate 20 20

Above postgraduate 6 6

Survey responses on environmental issues and societal resilience
Table 2. Survey responses on environmental issues and societal resilience

Questions Response Frequency Percentage Mean Standard
deviation
The biodiversity of | Strongly Agree 33 33 1.95 0.845
Kodaikanal hill | Agree JAA 44
ecosystems is under | Neutral 18 18
threat due to human | Disagree 5 5
activities. Strongly Disagree o 0
Local communitiesin | Strongly Agree 8 8 2.53 0.834
Kodaikanal are | Agree 43 43
actively involved in | Neutral 39 39
conservation efforts. Disagree
Strongly Disagree 2 2
Government policies | Strongly Agree 6 6 2.71 0.924
adequately address | Agree 42 42
the ecological | Neutral 28 28
challenges faced by Disagree 23 23
Kodaikanal hill Strongly Disagree 1 1
ecosystems
Tourism Strongly Agree 36 36 2.07 1.075
development has a | Agree 37 37
significant negative | Neutral 13 13
impact onthe natural | Disagree 12 12
environment in Strongly Disagree 2 2
Kodaikanal
The local | Strongly Agree 18 18 2.39 1.014
population's Agree 43 43
awareness of | Neutral 24 24
Disagree 12 12
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environmental issues | Strongly Disagree 3 3
is high in Kodaikanal
Climate change | Strongly Agree 28 28 2.08 0.872
poses a  serious | Agree 42 42
threat to the | Neutral 24 24
ecological balance of | Disagree 6 6
Kodaikanal hill | Strongly Disagree o o
ecosystems.
Pollution levels in | Strongly Agree 26 26 2.18 0.988
Kodaikanal are a | Agree 4t 4t
major concern for | Neutral 17 17
environmental Disagree 12 12
sustainability Strongly Disagree 1 1
The government | Strongly Agree 11 11 2.79 1.028
effectively involves | Agree 29 29
local communities in | Neutral 33 33
decision-making Disagree 24 24
regarding Strongly Disagree 3 3
environmental
policies in
Kodaikanal
Infrastructure Strongly Agree 8 8 2.81 0.950
development in | Agree 28 28
Kodaikanal balances | Neutral 43 43
economic growth Disagree 17 17
with environmental Strongly Disagree 4 4
conservation.
Wildlife conservation | Strongly Agree 12 12 2.61 1.033
efforts in Kodaikanal | Agree 40 40
are sufficient to | Neutral 27 27
protect endangered Disagree 17 17
species. Strongly Disagree 4 4
The community | Strongly Agree 13 13 2.34 0.794
resilience of | Agree 47 47
Kodaikanal hill | Neutral 33 33
ecosystemsis highin | Disagree 7 7
the face of [ Strongly Disagree o o
environmental
challenges
Public education and | Strongly Agree 16 16 2.35 0.892
awareness programs | Agree JAA 44
effectively promote | Neutral 30 30
sustainable practices | Disagree 9 9
among tourists | Strongly Disagree 1 1
visiting Kodaikanal
The local biodiversity | Strongly Agree 11 11 2.59 0.944
in  Kodaikanal is | Agree 38 38
being  adequately | Neutral 34 34
protected Disagree 15 15
Strongly Disagree 2 2
Tourist activities | Strongly Agree 31 31 2.16 1.061
harm the ecological | Agree 38 38
balance of | Neutral 17 17
Kodaikanal Disagree 12 12
Strongly Disagree 2 2
Local communities | Strongly Agree 16 16 2.42 0.945
have  access to | Agree 40 40
sustainable Neutral 32 32
livelihood options in Disagree 10 10
Kodaikanal Strongly Disagree 2 2
Climate change is a | Strongly Agree 29 29 2.05 0.914
major concem | Agree 46 46
affecting the hill [ Neutral 17 17
ecosystem in | Disagree 7
Kodaikanal Strongly Disagree 1 1
Land use practices | Strongly Agree 12 12 2.69 1.041
are managed | Agree 35 35
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responsibly to | Neutral 28 28
prevent soil erosion | Disagree 22 22
in Kodaikanal Strongly Disagree 3 3
Water resources in | Strongly Agree 4 4 2.69 0.761
Kodaikanal are | Agree 36 36
managed effectively | Neutral 48 48
tomeet local needs. | Disagree 11 11
Strongly Disagree 1 1
Deforestation is a | Strongly Agree 36 36 1.91 0.877
significant threat to | Agree 44 44
the hill ecosystemsof | Neutral 13 13
Kodaikanal Disagree 7 7
Strongly Disagree o o
Infrastructure Strongly Agree 8 8 2.74 0.894
development Agree 30 30
projects  prioritize | Neutral 44 44
ecological Disagree 16 16
conservation in Strongly Disagree 2 2
Kodaikanal
Pollution levels in | Strongly Agree 5 5 2.9 0.904
Kodaikanal are well- | Agree 29 29
controlled and | Neutral 39 39
monitored Disagree 25 25
Strongly Disagree 2 2
There is a balance | Strongly Agree 8 8 271 0.935
between tourism | Agree 35 35
development  and | Neutral 38 38
ecological Disagree 16 16
preservation in | Strongly Disagree 3 3
Kodaikanal

The survey data collected from Kodaikanal reveal diverse perceptions and attitudes toward environmental
concerns, including biodiversity conservation, tourism impacts, climate change, government policies, and
community participation. These findings provide insights into community perceptions regarding the sustainability
and environmental health of the Kodaikanal hill ecosystem. A total of 100 respondents participated in the survey.
Frequencies represent the actual number of responses, while percentages facilitate comparison across response
categories, as presented in Table 2.

The results indicate a strong perception that human activities threaten biodiversity in Kodaikanal’s hill ecosystems.
A majority of respondents (77%) agreed or strongly agreed with this statement (33% strongly agreed and 44%
agreed), witha mean responsescore of 1.95+ 0.845, indicating strong consensus regarding anthropogenicimpacts
on biodiversity. Community participationin environmental conservation received mixed responses. Approximately
51% of respondents believed that local communities actively participate in conservation efforts, while 39%
remained neutraland 10% disagreed. The mean score (2.53 + 0.834) suggests moderate recognition of community
involvement but highlights variability in public perceptions.

Perceptions of government effectiveness were comparatively less positive. Only 48% of respondents considered
existing environmental policies adequate for addressing ecological challenges, whereas 28% remained neutral and
24% expressed disagreement. The mean score (2.71 + 0.924) reflects limited confidence in current governance
mechanisms. Tourism emerged as a major environmental concern. About73% of respondents agreed that tourism
development negatively affects Kodaikanal’s natural environment (mean = 2.07 + 1.075), while 69% reported that
tourism activities disturb ecological balance (mean = 2.16 + 1.061). These findings indicate widespread concern
regarding tourism-related ecological pressures.

Environmental awareness within the community was moderately positive, with 61% of respondents agreeing that
environmental awareness amonglocal residents is adequate (mean = 2.39 +1.014). However, 24%remained neutral
and 15% disagreed, suggesting opportunities for strengthening awareness programs. Climate change and pollution
were identified as critical environmental threats. Approximately 70% of respondents believed climate change
threatens ecological balance (mean = 2.08 + 0.872), while an equal proportion viewed pollution as a serious
environmentalissue (mean = 2.18+ 0.988). Furthermore, 75% strongly recognized climate change as a significant
challenge affecting Kodaikanal (mean = 2.05 + 0.914), indicating substantial concern regarding future
environmental conditions. Government involvement in environmental decision-making received relatively low
support, with only 40% agreeing that authorities sufficiently involve local communities, while 33%remained neutral
and 27% disagreed (mean = 2.79 + 1.028). Similarly, perceptions regarding balancing infrastructure development
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and environmental conservation were divided, with 36% agreement, 43% neutrality, and 21% disagreement (mean
=2.81+0.950).

Regarding conservation measures, 52% believed wildlife conservation efforts are adequate (mean = 2.61 + 1.033),
whereas opinions on biodiversity protection remained varied, with 49% expressing positive views and 17%
expressing dissatisfaction (mean = 2.59 + 0.944). Community resilience and environmental education received
comparatively favorable responses. About 60% of respondents expressed confidence in community resilience
toward environmental challenges (mean = 2.34 + 0.794), while 60% also considered environmental awareness and
public education campaigns effective in promoting sustainable behavior (mean = 2.35 + 0.892). Sustainable
livelihood opportunities were supported by 56% of respondents (mean = 2.42 + 0.945), indicating recognition of the
importance of integrating environmental conservation with socioeconomic development. However, opinions
regarding responsible land-use practices (mean = 2.69 + 1.041) and water resource management (mean = 2.69 +
0.761) remained comparatively divided.

Deforestation emerged as the strongest environmental concern identified in the study, with 80% of respondents
agreeing that it poses a significant threat to the ecosystem (mean =1.91+0.877). Additionally, only 34% expressed
satisfaction with pollution monitoring and management efforts (mean = 2.90 + 0.904), suggesting concerns
regarding current environmental management practices. Overall, the findings demonstrate widespread concern
regarding biodiversity loss, tourism pressure, pollution, climate change, and governance effectiveness in
Kodaikanal. Although community participation and environmental awareness are moderately recognized,
concerns regarding policy implementation and environmental management highlight the need for integrated,
participatory, and evidence-based conservation strategies to improve ecological sustainability and community
resilience.

Perceptions of tourism impact and sustainability efforts

The first category, “Negative Effects of Tourism on the Kodaikanal Environment, " reflects respondents’ perceptions
regarding the environmental consequences of tourism, as presented in Fig. 3. A substantial proportion of
respondents expressed concern regarding tourism-related environmental degradation, with 36% strongly agreeing
and 37% agreeing that tourism negatively affects the environment. Collectively, 73% of respondents acknowledged
the adverse environmental impacts of tourism on the Kodaikanal hill ecosystem. Meanwhile, 13% remained neutral,
indicating uncertainty or a balanced perception of tourism’s environmental effects. In contrast, 12% disagreed and
2% strongly disagreed with the statement. The high level of agreement suggests widespread concern among
residents regarding the ecological pressures associated with tourism development in the region.

The second category, “Adverse Tourist Activities,” examined perceptions of specific tourist behaviors that may
contribute to environmental degradation. In this category, 31% of respondents strongly agreed and 38% agreed
that tourist activities negatively affect the environment, resulting in an overall agreement rate of 69%. Although
slightly lower than the overall perception of tourism impacts, this finding still demonstrates substantial concern
regarding tourism-related activities. Additionally, 17% of respondents remained neutral, reflecting some
uncertainty regarding the direct environmental effects of tourist behavior. A total of 12% disagreed, while 2%
strongly disagreed with the statement. These findings suggest that while tourism as a broader phenomenon is
widely perceived as environmentally harmful, respondents also recognize that specific tourist activities contribute
significantly to ecological stress within the Kodaikanal ecosystem.

50
44
45
40 36 37 38 18 . 38
35 31 30
30
25
20 16 17 16
15 13 12 12 .
10 8
5 I I 2. 2 ¢ 3
0 o || - -
Strongly agree Agree Neutral Disagree Strongly
disagree
B Tourism impact negative (%) M Tourist activities negative (%)
Education programs effective (%) Balance in tourism development (%)

Fig. 3. Perceptions of tourism impact and sustainability
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The third column, titled “Effectiveness of Educational Programs,” focuses on initiatives designed to reduce the
negative impacts of education. However, only 16% of respondents strongly agree with the effectiveness of
educational programs, whileasubstantial 44% agree, bringing the overall positive perception of these programs to
60%. This indicates a moderate level of confidence in current educational processes that promote sustainable
tourism practices. However, 30% of respondents remain indifferent, which may be attributed to their lack of
awareness of such programs or a neutral attitude toward their effectiveness. Another 9% of respondents disagree
with this statement, while 1% strongly disagree. These statistics indicate a belief in the efficacy of educational
programs; however, a significant portion of the public remains skeptical or uncertain about their benefits.

The final column, “Sustainable Tourism Development Balance,” examines how well sustainable tourism
development is perceived to be managed. The responses show greater variation compared to the first research
question. Only 8% of respondents strongly agree that there is a balance, while 35% somewhat agree, resultingin a
total agreement of 43%. The analysis shows that this category has the lowest level of agreement, indicating a lack
of confidence in the sustainable management of tourism development. This category also has the largest
proportion of neutral responses (38%), consisting of individuals who are uncertain about whether development or
preservationis being prioritized. Disagreement accounts for 16% of responses, while 3% strongly disagree. Thefact
that 45% of respondents are either uncertain or skeptical suggests that a significant portion of the populationis not
fully convinced about the effectiveness of the current system.

Fromthe information gathered, it can be concluded that the ecosystem of Kodaikanal is perceived to be negatively
affected by tourismand certain forms of tourist activity. Althoughthere is a notable level of skepticism regarding
the balance between tourism development and ecological conservation, there is some confidence in the
effectiveness of educational interventions aimed at promoting sustainable behavior. The substantial evidence of
perceived negative impacts suggests a need to implement stronger laws and policies to minimize environmental
harm. The high number of neutral responses across several categories indicates a lack of awareness among both
residents and tourists. Giventherelatively high divergence in perceptions regarding tourism development balance,
it is likely that current efforts are either insufficient or not effectively communicated.

Community perceptions of environmental threats and management

Fig. 4 outlinesindividuals’ views on various environmental issues affecting Kodaikanal, with a specific emphasis on
pollutionand climate change. It categorizesresponsesinto five levels: strongly disagree, disagree, neutral (neither
agree nor disagree), agree, and strongly agree. Each level relates to four key concerns: the effectiveness of pollution
control, theimportance of pollution as a concern, the seriousness of climate change, and the prominence of climate
change as a problem. This classification provides a comprehensive understanding of public opinion on these
pressing environmental issues.

50 46
42
45 39
40
35
29 29
30 28 26 24 25

25
20 17 17

15 12
10 5 I 6 7
2
o 1 1
- HN e ]
Strongly agree Agree Neither agree Disagree Strongly
nor disagree disagree

[65]

B Climate change serious threat (%) M Climate change major concern (%)

Pollution major concern (%) Pollution well controlled (%)

Fig. 4. Community perceptions of environmental threats and management

The first column, “Climate Change as a Serious Threat,” shows that 28% of respondents strongly agree that
Kodaikanal is seriously threatened by climate change. Additionally, 42% of participants agree with this statement,
indicating that a total of 70% recognize the severe threat posed by climate change. Conversely, 24% of respondents
remain neutral, suggesting some uncertainty or lack of strong opinion. Only 6% disagree, and none strongly
disagree. This heightened level of concern highlights the community’s awareness of and anxiety about the impacts
of climate change on their environment. The next column, “Climate Change as a Major Concern,” shows a slight
increase in concern levels: 29% strongly agree and 46% agree, meaning that 75% of participants consider climate
change a majorissue. The neutral response decreases to 17%, while 7% disagree and 1% strongly disagree. These
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results indicate that although there is already widespread agreement on the seriousness of climate change, there
is even stronger recognition of it as a major concern, likely reflecting the directimpacts felt by the local population.
The following column, “Pollution as a Major Concern,” closely mirrors the responses regarding climate change. In
this category, 26% of respondents strongly agree that pollution is a significant concern, and 44% agree, resulting
in a total of 70% agreement. Seventeen percent of respondents remain neutral, which may indicate ambivalence or
limited awareness of the full extent of pollution impacts. Only 1% strongly disagree, while a small proportion
expresses disagreement overall (12%). These figures demonstrate a high level of awareness and concern about
pollution, though slightly lower than that for climate change.

The final column, “Pollution is Well Managed,” presents a contrasting perspective. Only 5% of respondents strongly
agree that pollution is adequately managed, while 29% agree, meaning that 34% of respondents view pollution
management positively. A significant portion of respondents remain neutral (39%), indicating uncertainty or lack
of clear awareness regarding pollution control measures. Meanwhile, 25% disagree and a small proportion strongly
disagree. This distribution suggests a considerable level of dissatisfaction or doubt regarding the effectiveness of
current pollution control measures in Kodaikanal.

Community perception on biodiversity and conservation

The findings of the survey on conservation and biodiversity in the hill ecosystems of Kodaikanal reveal a concerning
trend. Alarge majority of respondents (75%), as shown in Figure 4, believe that human activities pose an immediate
threat to biodiversity in the region. This acknowledgment highlights the urgent need to mitigate the negative
impacts of human activities on the fragile ecological balance of Kodaikanal, thereby strengthening conservation

efforts.
3 90%
: 79% 80%
25 5% 2.19
2055 1.92 £8% /0%
2 60%
15 50%
’ 40%
1 30%
20%
0.5
10%
0 0%
Biodiversity Threat from Insufficient Wildlife Deforestation as a Climate Change Threat to
Human Activities Conservation Efforts Significant Threat Ecological Balance

I Vlean Response Agreement Percentage

Fig. 5. Community Perception on Biodiversity and conservation

In addition, the data reflects perceptions regarding the effectiveness of local wildlife protection programs. Notably,
46% of respondents believe that these efforts are inadequate. This viewpoint indicates growing public concern
abouttheeffectiveness of existing conservation initiatives and suggests aneed for policymakers and environmental
agencies to reassess and strengthen current strategies to better protect Kodaikanal's rich biodiversity.
Furthermore, Figure 5 shows thata convincing 79% of respondents agree or strongly agree that deforestation poses
a serious threat to the region, clearly identifying it as a major concern. Deforestation intensifies other
environmental issues such as soil erosion and biodiversity loss, while also reducing wildlife habitats. This finding
underscoresthe urgent need for stricter regulations and the promotion of sustainable land management practices
in Kodaikanal.

Additionally, the survey presented in Figure 5 reveals widespread awareness of the negative impacts of climate
change onthe ecological stability of Kodaikanal. A significant 69% of respondents agree that the region’s ecological
balance is seriously threatened by climate change. This concern is particularly alarming given the cascading effects
of climate change, including altered weather patterns, habitat degradation, and ecosystem disruption. It highlights
the urgent need for proactive measures to mitigate and adapt to climate change impacts in the region.

Overall, the surveyfindings present a serious picture of the challenges facing biodiversity and conservation efforts
in the Kodaikanal hill ecosystem. The perceived threats from human activities, concerns about the effectiveness of
wildlife conservation efforts, widespread recognition of deforestation, and the looming impact of climate change
collectively emphasize the urgent need for coordinated action. Stakeholders must work together to design and
implement comprehensive strategies that prioritize conservation, sustainable development, and resilience-
building initiatives. Without such collective efforts, the preservation of Kodaikanal's unique biodiversity and
ecological balance for future generations may not be possible.
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Fig. 6. Community involvement and awareness on environmental issues

The findings of the research on community involvement and awareness, as shown in Figure 6 for the Kodaikanal
hill ecosystems, provide insight into the level of participation and understanding that the local population has
regarding environmentalissues. Firstand foremost, it is encouraging to note that a majority of respondents (61%)
believe that local communities are actively involved in conservation efforts. This indicates a positive level of
community engagement and a willingness to support conservation initiatives, reflecting an awareness of the
importance of environmental stewardship.

However, the data also reveals a concerning trend regarding the level of ecological awareness among community
members. As shownin Figure6, only 41% of respondents believe that community members have a moderate level
of awareness about environmental issues, despite their participation in conservation activities. This suggests that
while people may be involved in environmental efforts, they may not fully understand the broader environmental
challenges faced by the region. To develop a more ecologically conscious and informed community capable of
actively participating in advocacy and sustainable practices, it is essential to address this knowledge gap.

Additionally, the data in Figure 6 highlights a positive perception of community resilience in the face of
environmental challenges. A notable 60% of respondents consider community resilience to be moderately high.
This reflects confidence in the ability of local communities to adapt to and manage environmental stresses
effectively. It also indicates strong community bonds and cooperative efforts in addressing environmental
concerns, suggesting a solid foundation for future collaborative sustainability initiatives.

Overall, the survey results emphasize the importance of community awareness and engagement in promoting
environmental protection and resilience within the Kodaikanal hill ecosystems. While there is evidence of active
participation in conservation efforts, enhanced awareness programs are needed to ensure that community
members develop a deeper understanding of environmental challenges. Strengthening environmental knowledge
and fostering greater stewardship will be crucial in addressing the region’s environmentalissues and ensuring long-
term ecological stability and well-being.

Community perception on government policy and effectiveness

Important insights into the perceived efficacy of governance mechanisms and policies in addressing ecological
challenges can be derived from the survey results on government and policy effectiveness within the Kodaikanal
hill ecosystems, as represented in Figure 7.
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Fig. 7. Community Perception on Government policy and effectiveness
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The findings indicate a general sense of dissatisfaction among respondents regarding the effectiveness of
government measures in addressing environmental issues. A total of 45% of respondents agree or strongly agree
that governmentactions fall short of meeting environmental needs. This suggests a perceived gap between policy
implementation and actual environmental requirements, highlighting the need for stronger and more targeted
policy interventions to protect ecological integrity.

Additionally, the survey data indicates a concerning perception regarding the involvement of local communitiesin
environmental policy-making processes. Notably, 34% of respondents believe that local communities are not
adequately involved, suggesting limited participation in decisions that directly affect their livelihoods and
environment. This underscores theimportance of strengthening participatory governance approaches, where local
stakeholders are actively engaged in policy formulation to ensure greater inclusiveness, relevance, and
effectiveness. To some extent, the findings also indicate a moderate perception of the balance between
infrastructure development, economic growth, and conservation efforts. Around 42% of respondents agree or
strongly agree that infrastructure development achieves a reasonable balance between economic growth and
environmental conservation. This reflects an acknowledgment of the need to balance development priorities with
environmental protection, although there remains significant scope for improvement. It also suggests a willingness
among respondents to support infrastructure initiatives that incorporate sustainability considerations. Overall,
these findings emphasize the importance of effective governance frameworks in addressing ecological challenges.
Moreinclusive and adaptive governance structures are needed in light of perceived shortcomings in current policies
and concerns about limited community participation in decision-making processes. Furthermore, althoughthereis
recognition of the importance of balancing conservation with economic development, greater effort is required to
integrate environmental considerations more effectively into development planning.

Conclusion

This study provides empirical evidence on community perceptions regarding ecological conservation, governance
effectiveness, and environmental sustainability in the Kodaikanal hill ecosystems based on responses from 100
participants. The findings demonstrate strong public recognition of ecological stressors and concerns regarding
existing conservation and governance approaches. A large majority (77%) perceived biodiversity to be under threat
from human activities, while 80% identified deforestation as a critical environmental challenge, highlighting
concern regarding land-use pressures and habitat degradation. Climate-related impacts emerged as another
dominant issue, with 70—75% of respondents indicating that climate change poses a serious threat to ecological
stability in Kodaikanal. Similarly, environmental pollution was considered a major concern by 70% of respondents,
whereas only 34% believed that pollution management measures were effective. Tourism was also identified as a
significant ecological pressure, with 73% reporting negative environmental impacts associated with tourism
development and 69% indicating that tourist activities adversely affect ecological balance. Despite moderate
optimismregarding community resilience (60%) and public education initiatives (60%), confidence in institutional
governance remained limited. Only 48% considered government policies adequate for addressing ecological
challenges, and only 40% believed that local communities are effectively involved in environmental decision-
making processes. Overall, the findings suggest that environmental awareness among residents exceeds
confidence in current policyimplementation and governancestructures. Conservationoutcomes in Kodaikanal may
improve through stronger community participation mechanisms, evidence-based environmental policy
implementation, enhanced pollution and land-use management, and sustainabletourism planning. Future studies
should include larger sample sizes and advanced statistical modelling to further evaluate relationships among
governance, public participation, and ecosystem resilience.
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