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Abstract: Lake Limboto, situated in Gorontalo, Indonesia, confronts severe threats jeopardizing its sustainability.
Widespread deforestation in the watershed area has led to excessive sedimentation within the lake, consequently
diminishing its water storage capacity and compromising its flood control function. This degradation has manifested
itself in downstream droughts during the dry season and flooding during the rainy season. Historical data reveals
a stark reduction in Lake Limboto’s size, plummeting from approximately 3,644.5 ha in 1991 to around 2,693.9 ha in
2017. This study aims to provide comprehensive examination of the interplay between the socioeconomic status of the
local community and their understanding of the lake ecosystem. Furthermore, it delves into how these factors produce
synergies that shape and impact community involvement in sustainable lake management initiatives. Hypothesis
testing yielded significant results, affirming the existence of a positive correlation between socioeconomic status,
knowledge of the lake ecosystem, and active community participation in sustainable lake management efforts. The
findings underscore the critical importance of socioeconomic factors that need to be considered when designing
strategies for the preservation and sustainable management of Lake Limboto. Integrating the community into
conservation initiatives is necessary, given their intrinsic relationship with the lake. By acknowledging and leveraging
the nexus between socioeconomic status, ecological knowledge, and active participation, stakeholders can formulate
more effective and inclusive strategies for safeguarding Lake Limboto’s ecological integrity. This study contributes
valuable insights for policymakers, environmentalists, and local communities alike, emphasizing the necessity of
collaborative efforts to ensure the long-term resilience and vitality of Lake Limboto.

Keywords: community participation, ecosystem knowledge, environmental conservation, Lake Limboto, socio-
economic status, sustainable management

INTRODUCTION

Lake is a basin that occurs due to natural events or deliberately
made by humans to retain water that comes from rain, springs
and/or rivers. In addition to the provision of clean water for
domestic use, agricultural irrigation, and water transportation,
lakes support life of various aquatic biota, and provide water
management and flood control functions. Indonesian lakes,
including Lake Limboto, suffer from lake siltation, pollution,
eutrophication, introduction of alien species, resource exploita-

tion, declining lake water levels, and conflicts over lake water
utilisation (Stow et al., 2023).

Lake Limboto currently faces serious threats to its sustain-
ability. Deforestation in the watershed has caused increased
sedimentation in the lake. It reduced water storage capacity and
disrupted the flood control function, resulting in drought in the
downstream area. The destruction of Lake Limboto’s ecosys-
tem has resulted in floods during the rainy season and droughts
during the dry season. Historical data shows a dramatic change in
the size of Lake Limboto, which in 1991 reached approximately
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3,644.5 ha, reduced in 2017 to approximately 2,693.9 ha
(Kusmajaya et al., 2023; Mahmud et al., 2023). The siltation of
the lake is caused by continuous tree felling, erosion due to
shifting cultivation activities, and overgrowth of wild plants, such
as water hyacinth. These conditions disrupt the lake ecosystem,
slow down the decomposition of organic matter, and accelerate
sedimentation at the bottom of the lake (Yunginger et al., 2018).
In addition, the community’s habit of building structures and
houses around the lake, and poor drainage management have
caused domestic waste to enter the lake, degrading water quality
and damaging the lake function as a source of clean water, habitat
for aquatic biota, as well as water management and flood control
functions.

Addressing these serious problems and restoring Lake
Limboto’s functional sustainability require a series of targeted
actions involving the cooperation of all stakeholders. One key
step is to rehabilitate forests in the watershed by replanting
vegetation that has been lost. In addition, sustainable land
conservation practices need to be adopted to reduce soil erosion.
Controlling the growth of wild plants, such as water hyacinth, and
restoring aquatic ecosystems should also be prioritised. Aside
from the environmental aspect, it is important to improve
drainage and domestic waste management around the lake to
ensure water quality. Community empowerment in lake manage-
ment and awareness of the importance of lake ecosystems must be
increased through education and active involvement in conserva-
tion efforts (Long et al., 2022). With an integrated and sustainable
approach, we may hope that Lake Limboto recovers and fulfil its
important role of providing clean water, restoring a balanced
living environment, and a flood control tool for the surrounding
area.

While efforts to conserve Lake Limboto through the
abovementioned actions have the potential to improve the lake’s
condition, there are several weaknesses that must be addressed.
First, stronger coordination between the government, non-
governmental organisations and local communities is needed
(Lamangida, 2021). At times, the lack of synergy among these
stakeholders can hinder the implementation of conservation
programmes. Secondly, insufficient resources, including funds,
personnel and technology, may be an obstacle in the implementa-
tion of a comprehensive preservation programme (Melo et al.,
2020). In addition, the challenge of changing people’s behaviour
to make it more sustainable and care for the environment also
need to be addressed, as this requires a change in culture and
values. Unfortunately, the process may take a long time. Finally,
ongoing monitoring and assessment of conservation actions are
critical and require long-term commitment and continued
availability of resources. In the face of these weaknesses, we need
a strong commitment from all parties involved to restore the
sustainability of Lake Limboto.

It is important to recognise that the socioeconomic and
cultural conditions of communities surrounding Lake Limbo-
to have a significant impact on sustainable lake management
efforts. Limited awareness of the need to preserve the lake and
inadequate knowledge have contributed to problems such as
pollution and siltation in Lake Limboto. Therefore, immediate
action is needed to protect the lake’s ecosystem and its habitat.
One important step is to increase public understanding of the role
played by the environment, especially lake ecosystems. This can
be done by disseminating information to the public, especially to

those living around Lake Limboto. Out-of-school education,
environmental workshops, and media exposure can be used to
convey important messages about the sustainability of the lake. In
addition, efforts should be made to stimulate community interest
and active participation in environmental conservation and
management programmes. This includes the involvement in
supervision, monitoring and maintenance of the lake. By
pursuing an integrated approach, promoting education, aware-
ness and active community participation, we can expect that the
communities around Lake Limboto will become strong partners
in preserving the lake. This will contribute significantly to the
preservation of the lake ecosystem as an important habitat for all.

The purpose of this study is to provide a holistic analysis of
the relationship between the community’s socioeconomic status
and knowledge of the lake ecosystem, as well as how these factors
interact and influence the level of community participation in the
sustainable management of Lake Limboto in Gorontalo District.

MATERIALS AND METHODS

The research uses a survey method combined with correlation
techniques to show how the extent of the relationship between
variables. The research consists of independent variables and
dependent variables. Independent variables are socioeconomic
status (X;) and lake ecosystem knowledge (X,), whereas the
dependent variable is community participation in sustainable lake
management (Y).

The study used primary data. Primary data was obtained
from research subjects from two sub-districts, namely Limboto
and West Limboto Sub-districts. The sample population was 100
households from Limboto and Limboto Barat Sub-districts.
Primary data include: a) community participation in sustainable
lake management, b) socioeconomic status, and c) lake ecosystem
knowledge. Research instruments and indicators can be seen in
Tables 1-3.

In the early stages of testing, data analysis techniques involve
analytical requirements that test the assumptions. The assump-
tions used include: (1) relationship between Y with X;, (2) relation-
ship between Y with X,, and (3) relationship between Y with X;
and X;. The requirements that must be met before the regression
and correlation analyses for hypothesis testing are: (1) sample
must be taken randomly and meet minimum sample require-
ments, (2) for each price group of predictor X, respondent Y must

Table 1. Community participation in sustainable lake manage-
ment

Indicators of participation
Management utilisa- preserva- develop-
aspect tion tion ment total
item
questionnaire item number
Planning 1, 22, 23 3,4,20,21 |2,13,18, 19 11
Implementation 5,6 7,8,9 10, 11, 17 8
Monitoring 11, 12, 25 14, 15, 16 - 6
Total item 25

Source: own elaboration.
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Table 2. Socioeconomic status

Table 4. The Acropora sp. growth rates reported in other studies

P Indicator Questlonnalre '?otal No. Interval class Absolute Relative
item number item frequency frequency
education level 1,2 2 1 34-37 5 5.56
Social income level and life 3-14 12 2 38-41 9 10.00
economy asset owner 3 42-45 16 17.78
employment status 15-18 4 4 46-49 25 27,78
position in government 19 1 5 50-53 19 21.11
ition i - 14 15.56
Social position in customary | 20, 23, 24, 25 4 6 54-57
TS L. 7 58-61 2 2.22
posﬁpn in religious 21, 22 »
organisations Amount 90 100.00
Total item 25
Source: own study.
Source: own elaboration.
Table 5. Socioeconomic status score frequency distribution
Table 3. Lake ecosystem knowledge
Absolut: Relati
No. Interval class £ sofute f clative
Dimension of the lake ecosystem HEEEy requency
relationship 1 38-42 3 3.33
Knowledge ecosystem ecosystem between
indicator structure function total 2 43-47 13 14.44
ecosystems item
3 48-52 19 21.11
ti ire it b
questionnaire item number 1 5357 23 25.56
Facts 2,3 7,8 13 5 5 58-62 17 18.89
Term 1,4 9,10 14, 15 6 6 63-67 11 12.22
Concept 5,6 11, 12 16, 17, 18 7 7 68-72 4 4.44
Procedure 19, 20 23,24 27, 28 6 Amount 920 100.00
Principles 21, 22 25, 26 29, 30 6 Source: own results.
Total item 30

Source: own elaboration.

be independent and normally distributed, (3) for the price group,
the variance of S, X must be the same. Thus, the requirements of
the analysis include: representativeness test, normality test,
homogeneity test, and multicollinearity test.

RESULTS AND DISCUSSION

The results of the research include the following data: a) com-
munity participation in sustainable lake management, b) socio-
economic status, and c) lake ecosystem knowledge. These three
sets of data will be discussed in the following paragraphs.

Research results regarding community participation in
sustainable lake management are presented in Table 4.

Data grouping is based on calculations using Sturges rule.
Sturges rule used Y, = a + bX, and Y - Y,. The following data
centering values were as follows: mode = 47.90, median = 47.90,
and mean = 47.61.

Presentation of research results regarding socioeconomic
status data is presented in Table 5.

Data grouping is based on calculations using Sturges rule.
The data centering values were as follows: mode = 54.50,
median = 54.67, and mean = 54.81.

Presentation of research results regarding lake ecosystem
knowledge data is presented in Table 6.

Data grouping is based on calculations using Sturges rule.
The data centering values were as follows: mode = 10.61,
median = 10.75, and mean = 10.83.

Before hypothesis testing, a prerequisite test was conducted.

Prerequisite tests include a normality test and homogeneity test.

Table 6. Frequency distribution of lake ecosystem knowledge
score

No. Interval class Absolute Relative
frequency frequency

1 4-5 5 5.56
2 6-7 11 12.22
3 8-9 14 15.56
4 10-11 24 26.67
5 12-13 19 21.11
6 14-15 14 15.56
7 16-17 3 3.33

Amount 90 100.00

Source: own results.
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The results of the two prerequisite tests are described below.
Normality test results can be concluded based on Ly < Ly ¢; then
the data is normally distributed. The results of the normality test
can be seen in Table 7.

Table 7. Normality test results

Estimation L, el s
error Ly « = 0.01 Distribution
Y-Y, 0.0483 0.1087 normal
Y-7Y, 0.0809 0.1087 normal

Explanations: Ly = Lilliefors test result, L, = table Lilliefors.
Source: own study.

Table 7 shows that the price of L, estimated error data
1 (Y - Y,) by 0.0483 and L, estimated error data 2 (Y - Y5) by
0.0809. These two calculation results show that Ly < L; at a = 0.1
by 0.1087. Thus, it can be concluded that the error data 1 (Y - ¥)
dan 2 (Y - Y). normally distributed.

The results of the homogeneity test can be found in Table 8.

Table 8. Homogeneity test results

XZ
q 2 tab .
Variance df X « =001 Conclusion
h -
Y over X, 64 241122 443 omoge
neous
h -
Y over X, 76 24.4479 27.76 Omoge
neous

Explanations: df = degrees of freedom.
Source: own study.

Based on the homogeneity testing table, it can be concluded
that the variation of Y (community participation in sustainable
lake management) on X; (socioeconomic status) and the
variation of Y on X, (knowledge of lake ecosystem) are
homogeneous.

According to the results, the two prerequisite tests have
been met. Thus, the requirements for using parametric statistics
to test the research hypothesis have been met as well. The
hypothesis test used in this study is a multiple regression test. The
results of the hypothesis test regarding the relationship between
a socioeconomic status and lake ecosystem knowledge with
community participation in sustainable lake management are as
follows: df = 2/87, r = 059, R® = 0.3472, Foy = 23.13, Fp
(at & = 0.01) = 4.88, and F,,;, (at a = 0.05) = 3.44.

Thus, the relationship between the socioeconomic status
and lake ecosystem knowledge with community participation in
sustainable lake management is highly significant. So the null

hypothesis is rejected, meaning that there is a significant
relationship between the socioeconomic status and lake ecosys-
tem knowledge with community participation in sustainable lake
management.

Based on the regression equation Y = 25.56 + 0.261X
+ 0.731X,, it can be seen that knowledge of the lake ecosystem
(0.731) has a higher significance than the socioeconomic status

(0.261) in determining the level of community participation in
sustainable lake management. An increase in the lake ecosystem
knowledge score has a greater impact on community participa-
tion than an increase in the socioeconomic status score. This
understanding is important in evaluating the influence of
independent variables on community participation, which can
be taken into consideration in developing sustainable lake
management policies. The importance of community participa-
tion indicators in lake management is not only determined by
socioeconomic factors and ecosystem knowledge, but also by
abiotic and biotic components. Factors such as climate change
also play an important role in influencing the level of community
participation. Therefore, in considering the sustainability of lake
management, it is necessary to consider the influence of these
environmental factors. In addition, in the context of equation
25.56, further explanation is needed regarding the indicators and
their relevance to the variables they indicate. Further investigation
into the factors expressed in the regression equation may provide
a deeper understanding of the role of the independent variables in
determining community participation in sustainable lake man-
agement.

The socioeconomic status is a concept that refers to the
position of a person or a group of people in society. The factors
that form the basis for determining socioeconomic status include
social aspects, such as level of education, type of work, position in
an organisation, and level of health. In addition, economic factors
also play an important role in determining the socioeconomic
status, such as the level of income, home ownership, type and size
of house, and the ownership of other goods and facilities (Melo
et al., 2019; Ab Manaf et al., 2023). All these factors together form
a comprehensive picture of the socioeconomic status of a person
or a group in society. By understanding this concept, we can
analyse and understand various important aspects in research
related to socioeconomic status and its impact in a broader social
and economic context (Firyal Akbar, Alkatiri and Tuli, 2022; Han
et al., 2023). A better socioeconomic level is expected to support
development efforts and activities, especially sustainable lake
management.

Knowledge of lake ecosystems includes an understanding of
the complex dynamics involving interactions between various
components of the ecosystem. This includes the relationships
between the biotic components (living organisms) and abiotic
components (non-living factors) within the lake. This knowledge
is crucial, as it allows us to understand how these interactions
impact the survival of various organisms that inhabit the lake
(Ebner, Schirpke and Tappeiner, 2022; Velie, Poulos and Green,
2023). In addition, understanding the function of lake eco-
systems is also crucial, as they play an important role in carry-
ing out ecological functions that support life around them
(Desta, 2021; McGregor et al, 2023). Thus, lake ecosystem
knowledge is not only the understanding of the structure and
components of the ecosystem itself, but also the understanding of
the role and contribution of ecosystems in maintaining the
ecological balance and sustainability of the surrounding envir-
onment.

Community participation in sustainable lake manage-
ment has great significance. It integrates the communities
involved in the management of the Limboto Lake, both directly
and indirectly. With this involvement, it is expected that
the status of Lake Limboto will be sustainable. The community
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participation in the maintenance of the lake is a key to ensure
that benefits provided by the lake can be enjoyed sustainably
by current and future generations (Zhong et al., 2022). Thus,
active community participation in sustainable lake management
is a determining factor for the preservation of the lake and
ensuring that the lake resources will continue to provide
sustainable benefits for the entire community (Melo and
Samatowa, 2023).

Based on the considerations presented earlier, it was found
that an improvement in the socioeconomic status of the
community could potentially influence the level of knowledge
regarding the lake ecosystem (Yu et al., 2023). In other words,
people who have a better socioeconomic status tend to have
deeper understanding of the lake ecosystem. Therefore, it can be
anticipated that the higher a person’s socioeconomic status, the
more likely they are to engage in activities that support lake
conservation, thus supporting the goal of sustainable manage-
ment of Lake Limboto.

CONCLUSIONS

There is a positive relationship between socioeconomic status
and lake ecosystem knowledge, as well as community participa-
tion in sustainable lake management. The existence of
this relationship means that the higher the socioeconomic status
and lake ecosystem knowledge, the higher the community
participation in sustainable lake management. Conversely, the
lower the socioeconomic status and lake ecosystem knowledge,
the lower the community participation in sustainable lake
management. In other words, the higher a person’s socio-
economic status and the better the knowledge of the lake
ecosystem, the wiser and better the community participation in
sustainable lake management.
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