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Abstract

The drastic and historic fall in natural rubber prices has prompted many smallholders
around the world to abandon rubber plantations in favor of other survival alternatives.
In the Lomela and Lodja territories of Sankuru Province (Democratic Republic of Congo),
where a historical absence of a rubber market prevails, local communities have conserved
rubber plantations inherited from the colonial era (dating back to 1955). Data collected
from 401 households enabled us to identify the perceptions and determinants of rubber
plantation conservation. The results show that households are highly dependent on forest
ecosystem services. Agriculture is the main activity for 81.3% of respondents, in the context
of extreme poverty where daily incomes amount to 0.33 USD/person. The patriarchal
system favored men, who inherited 97% of the plantations. Men perceived the conserva-
tion of the plantations as beneficial, while women perceived it as serving external project
interests. Perceptions were significantly influenced by gender, age, social and legal organi-
zation, geographical origin, mode of acquisition, main activity, diversification of income
sources, membership in a tribal mutuality, access to the informal mutual aid networks,
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membership in an association and contact with extension services. Conservation was posi-
tively and significantly correlated with geographical origin, membership in an association,
contact with extension service, consideration of plantations as natural heritage and the
ecosystem services provided. These results underline that rubber plantations cannot be
understood only in terms of rubber production, but also in terms of their socio-ecological
and heritage dimensions.

Keywords: sustained conservation; community perception; rubber plantations; conserva-
tion determinant; ecosystem services; Sankuru Province; Democratic Republic of the Congo

1. Introduction

Natural rubber is mainly obtained from the latex of the rubber tree, Hevea brasiliensis
[Willd. ex A. Juss.] Mull. Arg., a perennial species that is native to the Amazon basin [1].
Worldwide, rubber plantations occupy around 10,315,732 hectares, most of which are
managed by smallholders in Southeast Asian countries, where the majority own less than
four hectares [2]. Sub-Saharan African countries occupy just 7% of this area [3]. Moreover,
sub-Saharan Africa has a significant comparative advantage in terms of available acreage,
labor costs and latex quality [4]. Natural rubber production in 2018 was recorded at
14.33 million tons, and over 60% of this was used in the automotive industry [5].

Generally grown as a monoculture [6], the rubber tree was first domesticated in
1876, when Sir Henry Alexander Wickham transported 70,000 seeds from Brazil to the
Royal Botanic Gardens, Kew, England, which were then shipped to Asian countries after
demonstrating a low germination rate [7]. The authors agree that nearly 2500 plant species
produce latex containing natural rubber, which is still not exploitable [8,9]. However,
only the latex of Hevea brasiliensis [Willd. ex A. Juss.] Mull. Arg. is the main source of
commercially viable natural rubber [10,11]. Natural rubber is used as a raw material in
the manufacture of over 50,000 industrial and non-industrial products [12,13]. Rubber
trees also offer wood production opportunities [14]. Its branches are used in charcoal
production [1,15], the main source of cooking energy in developing countries [16,17]. Other
conversion technologies, such as pyrolysis and gasification, are also used in the energy
production of rubber residues [1,18]. And let us not forget rubber seed hull extracts, which
offer a promising green antioxidant alternative for increasing the oxidative stability of
biodiesel [3,19].

Moreover, the growing global demand for natural rubber from 1890 to 1913 led to an
economic boom in 1910 [20,21]. After the discovery of vulcanization, the high demand for
natural rubber led to the search for a synthetic substitute with properties similar to those of
natural rubber to meet global demand [22]. In this respect, synthetic polyisoprene rubber
has emerged as an attractive alternative and, to date, is responsible for the drastic fall in
natural rubber prices, adversely affecting the profitability of rubber plantations [23,24].
As a result, many smallholders have abandoned their rubber plantations and developed
other survival alternatives [24,25], such as the production of more profitable crops [20,26],
commercial activities [25], and others had no choice but to sell or lend their land [20].

According to history, Hevea was first planted in Congo Belge, now the Democratic
Republic of the Congo (DRC), around 1809 [27]. Over the years, particularly around
1925, the expansion of the industry was supported by the establishment of vast industrial
plantations in Equateur and Oriental Provinces, which were often managed by colonial and
parastatal companies [28]. These rubber plantations structured a cash economy based on the
export of latex [27]. For example, in 1960, the year of the country’s independence, annual
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natural rubber production was 60,000 tons, from 90,000 hectares of rubber plantations,
1/3 of which were planted by smallholders [29]. Unfortunately, between 1970 and 1990,
following Zaireanization and the drastic fall in world prices for natural rubber, more than
half the country’s rubber plantations disappeared (Nair, 2021), quoted by [29]. A drop in
production also justified by the general collapse of the agricultural sector [30], which is
experiencing a veritable institutional, organizational and infrastructural vacuum [31].

In the Lomela and Lodja territories (Sankuru Province), located in the area of influence
of Salonga National Park, which is rich in endemic species such as the Bonobo (Pan paniscus),
Okapi (Okapia johnstoni) and forest elephant (Loxodonta cyclotis) [32-35], the historical rubber
plantations established during the colonial period (in 1955) have gradually lost their initial
economic function due to the collapse of the local natural rubber market and the absence of
recovery policies [29]. In the absence of a structured and sustainable outlet, these rubber
plantations are no longer exploited for latex, yet production continues to be conserved
and appropriated by local communities. This situation raises significant questions about
the socio-economic, cultural and institutional mechanisms underpinning this non-market
conservation in a context of high socio-ecological vulnerability [36]. In these landlocked
territories, communities face chronic poverty, limited access to modern productive resources
and increased pressure on surrounding forest ecosystems, particularly the Salonga National
Park [37]. In this context, rubber plantations constitute hybrid spaces, as they entail colonial
heritage, land heritage, a wood-energy reserve and buffer zones between agricultural
practices and protected areas.

Several recent studies have highlighted the challenges associated with sustaining
rubber plantations in regions where the global rubber market has become uncertain, forcing
small producers to reconfigure their livelihood strategies. This is the case in the study
by [36,38]. In this context, the sustainable conservation of historic plantations is a critical
issue for both biodiversity preservation and local productive heritage. However, research
addressing this issue from the perspective of community perceptions remains scarce,
particularly in Central Africa. Our study therefore aims to fill this gap by highlighting the
social, economic, and cultural factors that determine the conservation of these plantations.
Furthermore, unlike synthetic rubber based on polyisoprene, natural rubber from rubber
tree plantations has a unique combination of mechanical properties, such as superior
elasticity, better tear resistance, and increased biodegradability [13,39]. Moreover, natural
rubber production relies on less-energy-intensive processes and emits fewer chemical
compounds, making it a more environmentally friendly alternative. The cost of producing
synthetic rubber, particularly in energy-constrained contexts such as those in the DRC,
may also be higher in the long term. These factors reinforce the relevance of a sustainable
conservation approach for historic rubber plantations, which represent both a strategic
resource, rural heritage, and a lever for local ecological adaptation.

Specifically, this study aims to analyze community perceptions and identify the fac-
tors determining the sustained conservation of these historic rubber plantations by rural
households. Understanding the underlying logics of conservation within this context of
post-colonial crisis and the disintegration of the natural rubber market could provide inno-
vative pathways for the participatory management of natural resources. This would enable
public policies to be directed towards sustainable development and local resilience solutions
that combine economic development, environmental conservation and social justice.

This article presents findings from empirical research aimed at analyzing the percep-
tions and key factors influencing rural communities” decisions regarding the conservation
of historical rubber plantations. Moving beyond the plantations’ potential as economic
assets for natural rubber production, the study highlights their broader eco-systemic and
cultural significance. These plantations not only offer productive value but also serve as



Conservation 2025, 5, 33

4 of 25

socio-cultural landmarks, intergenerational heritage sites, and vital reservoirs of ecosystem
services for local populations. Our analysis suggests that the sustained conservation of these
landscapes can only be understood through a holistic lens, recognizing the intersection of
economic, ecological, identity-based, and social dynamics. By doing so, the study offers
new insights into participatory natural resource management in post-colonial contexts.

2. Materials and Methods
2.1. Study Area

Sankuru Province is located at 3°21/27" S, 23°35'48" E and covers an area of
104,331 km?2 [40]. Like Kasai Oriental and Lomami, Sankuru Province is one of the
26 Provinces of the DRC, resulting from the dismemberment of the former Province of
Kasai Oriental [37]. Seven other DRC Provinces surround this Province. Its northern border
is marked by the Ndjale and Salonga rivers, which form the boundaries of the Salonga
National Park [36]. It is subdivided into six territories: Lusambo, Lubefu, Katako-Kombe,
Kole, Lodja and Lomela. Lusambo is the provincial capital, while Lodja is the largest center
of economic activity [40]. This study concerns only the territories of Lomela and Lodja,
where the historic rubber plantations are located (Figure 1) [36]. Sankuru is a predomi-
nantly forested Province, with equatorial forest covering the northern and eastern parts,
and savannah dominating the southern and central-western parts [29]. It includes part
of the Salonga National Park and the Sankuru Nature Reserve, known for their species
that are endemic to the DRC, namely the Pan paniscus and Okapia johnstoni, as well as Lox-
odonta cyclotis [41]. These species are currently threatened with extinction by anthropogenic
pressure [32,33,35].

Figure 1. Historical rubber plantation in Vango village (Lomela territory), Sankuru Province, DRC.

It is characterized by an equatorial climate in the northern part, gradually shifting to
a humid tropical climate in the central and southern part [42]. The dry season, marked
by a drop in rainfall, extends from May to August, while the rainy season, characterized
by an increase in precipitation, occurs between September and April. In the northern
part of the Province, the heaviest rainfall occurs in December and from mid-April to
mid-May [29]. The Province’s average annual temperature is 25 °C, with rainfall ranging
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from 1500 mm to 2000 mm yearly. Its relief comprises low plateaus, terraces and “high”
plateaus, with altitudes ranging from 300 m in the west to 700 m in the east [36]. With an
estimated population of 4 million, this Province is essentially forest-dependent, placing
heavy pressure on the Salonga National Park and the Sankuru Reserve, hence the need to
generate alternative sources of income in order to reduce anthropogenic pressure on these
ecosystems [41]. Figure 1 shows a historical rubber plantation in the village of Vango.

To identify the villages studied, documents published in the study area, mainly from
the archives of the Belgian Development Agency (ENABEL), were consulted. In addition,
interviews with sector officials and field visits were conducted. A total of 55 villages
with rubber plantations were located and mapped in the territories of Lomela and Lodja
(Figure 2). The following criteria were used to select the 14 villages for the survey. The
village had to (i) be located in one of the two territories (Lomela and Lodja) selected for the
study, and (ii) be recognized by the local communities, notably the sector and group leaders,
as one of the major rubber plantation villages. To take part in the survey, the respondent
had to (i) be one of the residents of the 14 villages selected for the study (Figure 2), and
(ii) voluntarily agree to take part in the survey, without financial motivation. Interviews
were then held with local people to explain the study method and obtain their free, prior
and informed consent (FPIC) for active participation in the study. Figure 2 shows the
location of the rubber plantation villages.
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Figure 2. Location of rubber plantation villages in the Lomela and Lodja territories, Sankuru Province,
DRC. The letter (A) in Figure 2 represents the country, the DRC; (B) the province of Sankuru; and
(C) the area of interest.



Conservation 2025, 5, 33

6 of 25

2.2. Data Collection

Given the lack of reliable statistical data in the study area, the probabilistic approach
was used through a broader survey to ensure that the sample was representative. The
survey was conducted between December 2024 and February 2025, targeting a total of
401 households across 14 villages selected for the study. To our knowledge, this constitutes
the most extensive data collection effort to date concerning historical rubber plantations in
the Lomela and Lodja territories, including within the selected villages. Given the size of
the sample relative to the local population, it can reasonably be considered representative
for the purposes of this analysis. The 401 households surveyed were randomly selected
from the 14 villages chosen for the study. Interviews were conducted in the local language
(Tétela) and lasted between 35 and 45 min, depending on respondents’ availability.

During the survey, respondents were asked to answer the following main questions:
(i) Do you own a rubber plantation inherited from colonial times? And (ii) what is your
perception of the conservation of these rubber plantations? Respondents who said they
owned a rubber plantation were interviewed about how the plantations were acquired,
how they were managed and the ecosystem services they provided. In addition, visits
were organized to historical rubber plantations, generally located close to villages, to bring
respondents’ statements closer to the realities on the ground. All respondents were asked to
provide information on their socio-demographic, economic, organizational or institutional,
cultural and ecological characteristics, and on their perceptions of the ecosystem services
provided by historical rubber plantations.

In addition, a series of unstructured qualitative interviews were conducted during
the same survey period. The aim of these interviews was to gather respondents’ views on
why some of them are motivated to maintain rubber plantations and others are not. The
qualitative interviews brought together 25 heads of households with or without rubber
plantations, including 10 women, 15 men, 6 traditional chiefs and 5 representatives of
rubber plantation owners’ associations. Data from these qualitative interviews are included
in the Results Section in the form of testimonials to support the quantitative data. Table 1
shows the distribution of interviewees according to the villages selected for the study.

Table 1. Distribution of respondents by selected villages in Lodja and Lomela territories, Sankuru
Province, DRC.

Villages Surveyed Number of Respondents Interviewed
Djete 36
Djonge 21
Ewanga 31
Indji 35
Kombe-lowo 37
Kutuwanga 30
Lokolo 20
Malanga 32
Mpete 23
Mukumari 32
Owende 31
Shai 30
Vango 12
Wonyangondo 31
Total 401

2.3. Data Analysis and Processing

The quantitative data collected in this study were recorded in an Excel file, and
then analyzed using IBM SPSS Statistics 21.0 software. Descriptive analyses were used
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to present qualitative variables in terms of numbers and percentages, and quantitative
variables in terms of mean plus or minus standard deviation. Given the larger sample
size, the chi-square test (X?) was used to identify socio-demographic, economic and orga-
nizational/institutional characteristics that might influence respondents” perceptions of
historical rubber plantations.

In addition, the decision to conserve rubber plantations was formalized as a binary
variable representing the respondent’s choice between two possible outcomes: actually
conserving or owning a rubber plantation at the time of the survey (value 1) or not con-
serving one (value 0). This binary analysis framework enables the determinants of this
decision to be estimated using the appropriate econometric model, such as the logit model,
to capture the likely influences of socio-economic, cultural and environmental variables on
the behavior of surveyed households.

The model is presented as follows:

Y =f(xe) ©)

Y is the dependent variable (whether or not to keep a rubber plantation); x is the matrix
of variables explaining the variation in Y; and e is the logistic error of the distribution. The
logit model is estimated by the maximum likelihood method, where Pi is the probability
associated with the survey unit.

Pi=f(li)= ﬁ 2)

I = B0+ B1Xil + B2Xi2 + B3Xi3 + B4Xid + ...+ pnXin 3)

I is the vector corresponding to the characteristics of the survey unit and its choice
decision; the i indicate the coefficients of the explanatory variables; and the Xin indicate
the explanatory variables [43]. Thus, the choice of the logit model was motivated by its
approximation to the cumulative normal function, on the one hand, and by its mathematical
simplicity and relevant interpretation, on the other. The model has also been used in
several other studies that have identified the factors determining the conservation of
forest ecosystems by local communities in developing countries [44-46]. Like several
empirical studies that have developed econometric models by combining variables related
to household characteristics in order to explain their decision to preserve or not preserve
forest ecosystems, such as forests, mangroves, protected areas, and many others [47-50],
this study uses a combination of variables considered by various authors mentioned above
to identify those that may or may not explain local communities” decisions to conserve
historic rubber plantations. These variables include those related to sociodemographic,
economic [48], institutional, cultural, and ecological characteristics [51]. This study is
based on the assumption that the variables selected in the model will explain households’
decisions regarding the conservation of rubber plantations. As shown in Table 2, the
independent variables used in this model were incorporated into the survey questionnaire
in the form of open-ended and closed-ended questions. This study considers the statistical
significance threshold to be o < 0.05. Table 2 shows the independent variables used in the
logit model.

Table 2 above shows the variables (X) we used in the logit model of factors influ-
encing respondents’ decisions regarding the conservation of historical rubber plantations.
These influencing variables were incorporated as survey questions and considered as
research hypotheses.
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Table 2. Presentation of independent variables used in the logit model.
Independent Variables Symbols Description
Gender X1 1 = Female; 0 = Male
1 = Young: <45 years old; 0 = Older:
Age X2 >45 years old
Study level X3 1 = Educated; 0 = Uneducated
Social and organization X4 1 = Matriarchy; 0 = Patriarchy
Civil status X5 1 = Married; 0 = Not married
Respondent status X6 1 = head of household; 0 = Single
member

Respondent’s origin X7 1 = Native; 0 = Allochthonous
How plantations are acquired X8 1 = Inheritance; 0 = Other modes
Main household survival activity X9 1 = Agriculture; 0 = Other activities
Diversification of revenue sources X10 1 =Yes; 0=No
Membership in a mutual society X11 1=Yes; 0=No
Access to informal self-help networks X12 1 =Yes; 0=No
Membership in a growers’ association X13 1=Yes; 0=No
Contact with extension services X14 1= Yes; 0 =No
Access to credit X15 1 =Yes; 0 = No
Consideration of rubber plantations as natural heritage X16 1="Yes; 0=No
Con51d?rat10n of rubber plantatlo.ns as a means of X17 1=Yes; 0=No
combating the consequences of climate change
Consideration of rubber plantations as a means of v
preserving the health of the local community X18 1=Yes; 0 =No
The social value of rubber plantations X19 1="Yes; 0=No
Consideration of rubber plantations as a means of

) ) ) X20 1=Yes; 0=No
preserving other plant and animal species
Ex1sten.ce of beliefs or rituals associated with rubber X201 1= Yes; 0 = No
plantations
Hopes of recovering natural rubber markets X22 1=Yes; 0=No
Beneflc.larles of ecosystem services provided by rubber X23 1= Yes; 0 = No
plantations
Ban on rubber cutting X24 1 =Yes; 0 =No
Ban on bush fires near rubber plantations X25 1= Yes; 0 =No
Imposition of access rights to rubber plantations X26 1=Yes; 0=No
Existence of penalties for users who violate X27 1= Yes; 0 = No

conservation rules

3. Results

The results below provide an overview of the diversity of the sample and, consequently,
of the current situation in the villages of the historical rubber plantations located in the
Lomela and Lodja territories.

3.1. Characteristics of Respondents

The results in Table 3 show a wide disparity in the distribution of respondents by
gender. The results showed that almost the entire sample was made up of men (91.52%).
Our qualitative interviews and field observations showed that it was more difficult for a
married woman to involve the household or divulge information without her husband’s
agreement. Most women would prefer that the man, who is considered culturally and
legally to be the head of the household, respond to any eventuality that might involve
the household. This undoubtedly explains the predominance of male heads of household
in our sample. Respondents ranged in age from 18 to 81 years, with an average age of
45.53 & 13.1 years. Most of these respondents (53.62%) belonged to the over-45 age group,
and had a primary school education (47.13%). The overwhelming majority of respondents
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(98.75%) reported living under a patriarchal system of social and legal organization, with
92.02% being married at the time of the survey. A substantial proportion (95.51%) identified
themselves as heads of households, which had an average size of 9 &+ 4 members. Subsis-
tence farming and hunting emerged as the principal livelihood activities, cited by 81.30%
and 10.72% of respondents, respectively. The mean monthly income reported was CDF
242,695.61 £ 171,218.52 (Congolese francs), equivalent to approximately USD 86.68 (US
dollars). When adjusted per capita, this translates to an average daily income of USD 0.33
per household member, placing the surveyed population significantly below the regional
poverty threshold of USD 2.15 per day [52], by a factor of 6.5. Similarly, most respon-
dents (72.82%) had diversified sources of income. The same results showed that 76.06%
of respondents owned rubber plantations and 23.94% did not. During our qualitative
interviews, interviewees mentioned that most rubber plantations were owned by men, who
had acquired them through inheritance. Women do not generally own rubber plantations.
However, over time, some men lost their plantations to inter-community conflict, and
others replaced them with survival crops such as rice and cassava. Inheritance was cited by
almost all respondents (98.36%) as the main method of acquiring rubber plantations, with
an average length of ownership of 19.27 £ 12.55 years.

Table 3. Socio-economic characteristics.

Variables Terms and Conditions Number of Employees
(Percentage)
Female 34 (8.48)
Gender Male 367 (91.52)
Age Young: <45 years old 186 (46.38)
Older: >45 years 215 (53.62)
Iliterate 77 (19.20)
Primary 189 (47.13)
Study Secondary 130 (32.42)
University 5(1.25)
. . Matriarch 5 (1.25)
Social and organization Patriarchaz,e 396 (98.75)
Divorced 9(2.24)
. Single 11(2.75)
Civil status Widower 12 (2.99)
Married 369 (92.02)
Respondent status Head of household 383 (95.51)
Single member 18 (4.49)
Respondent’s origin Native 360 (89.78)
Allochtonous 41 (10.22)
Agriculture 326 (81.30)
Main household survival Huntl.ng 43 (10.72)
activity Br.eec.hng 16 (3.99)
Fishing 14 (0.50)
Civil servant 2 (3.49)
Diversification of revenue Yes 292 (72.82)
sources No 109 (2718)
Owner of a rubber Yes 305 (76.06)
plantation No 96 (23.94)
Methods of acquiring 11;1(1)1:;?;51 11 2(1)2313;

rubber plantations Heritage 300 (98.36)
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3.2. Respondents’ Perceptions of the Conservation of Historical Rubber Plantations

Figure 3 below shows the distribution of respondents according to their perception
of the conservation of historical rubber plantations. The results show that 45.89% of re-
spondents affirmed that it is good that rubber plantations are preserved, as they enable
households to benefit from them in the event of a revitalization of its value chain, which
would still remain foreseeable, 42.14% of respondents said that it is important to preserve
rubber plantations to remember ancestors and guarantee children’s future, 9.73% of re-
spondents said that it would be preferable if there were no more rubber plantations near
villages, and 2.24% of respondents said that rubber plantations are mainly of interest to
external projects.

0% [
It's a good thing that rubber It's important to preserve rubber It would be preferable to have no Rubber plantations are mainly of
plantations are preserved, as they  plantations to remember our more rubber plantations near interest to external projects.
enable households to survive. ancestors and guarantee our villages.

children's future.

Figure 3. Distribution of respondents according to their perceptions of rubber plantation conservation.

This contrast suggests that women may perceive rubber plantation conservation as
a means of attracting outside investment, or as being exploited for the benefit of outside
stakeholders, rather than as a sustainable local resource. The chi-square test (X? = 50.840,
p = 0.000 ***) confirms the statistical robustness of this discrepancy, and indicates a highly
significant relationship between gender and perception of rubber plantations (Table 4).
This high significance underlines the existence of a perception inequality between men
and women, which can be attributed to socio-cultural and economic factors, such as the
division of domestic responsibilities, natural resource management and women’s limited
participation in local decision-making processes. During our qualitative interviews, one
woman stated that rubber plantations are often subject to projects involving men. Women’s
involvement is rarely taken into account. Moreover, rubber plantations occupy land that is
close to villages, forcing women to travel long distances in search of arable land, and this
is in a cultural context where men rarely accompany women to the fields. The men are
content to hunt and fish, sometimes in forbidden areas. This often leads to arrests by the
eco-guards and makes household survival more complex. One woman advocates reviving
the rubber industry to provide employment for the men, or replacing rubber plantations
with the main household survival crops, such as rice and manioc, which are the main food
crops in the area.
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Table 4. Socio-demographic characteristics of respondents in relation to their perception of the
conservation of historical rubber plantations.

Independent Variables Perceptions
It's a Good
Thing That  It's Importantto It Would Be
Rubber Preserve Rubber Preferable to Rubber
Plantations Plantations to Have No Plantations X2-Test Value
Are Remember Our More Are Mainly Total (Pearson) p
Preserved, Ancestors and Rubber of Interest to
as They Guarantee Our Plantations External
Enable Children’s Near Projects.
Households Future. Villages.
to Survive.
Woman 11 (6) 7 (4.1) 1(11.1) 15 (38.5) 34 (8.5)
Gender Men 173 (94) 162 (95.9) 8 (88.9) 24 (61.5) 365 (91.5) 50.840 0.000 ***
Total 184 (100) 169 (100) 9 (100) 39 (100) 401 (100)
Young 89 (48.4) 67 (39.6) 3(33.3) 27 (69.2) 186 (46.4)
Age Old 95 (51.6) 102 (60.4) 6 (66.7) 12 (30.8) 215 (53.6) 12.180 0.007 **
Total 184 (100) 169 (100) 9 (100) 39 (100) 401 (100)
Illiterate 42 (22.8) 30 (17.8) 0 (100) 5(12.8) 77 (19.2)
Primar 79 (42.9) 82 (48.5) 5 (55.6) 21 (53.8) 187 (46.6)
Study level Seconda}r]y 63 (34.2) 57 (33.7) 4 (44.4) 13 (33.3) 137 (34.2) 5.553 0.475
Total 184 (100) 169 (100) 9 (100) 39 (100) 401 (100)
Single 6(3.3) 2(1.2) 1(11.1) 2(5.1) 11 (2.7)
Married 167 (90.8) 161 (95.3) 7 (77.8) 34 (87.2) 369 (92)
Civil status Divorced 5(2.7) 2(1.2) 1(11.1) 1(2.6) 9(2.2) 10.638 0.301
Widower 6 (3.3) 4(24) 0(0) 2 (5.1) 12 (3)
Total 184 (100) 169 (100) 9 (100) 39 (100) 401 (100)
Chief 180 (97.8) 165 (97.6) 9 (100) 29 (74.4) 383 (95.5)
Household Not chief 4(22) 4(24) 0(0) 10 (25.6) 18 (4.5) 45.198 0.000 ***
status Total 184 (100) 169 (100) 9 (100) 39 (100) 401 (100)
Social and Matriarchy 1(0.5) 0 (0) 0(0) 4(10.3) 5(1.2)
legal Patriarchy 183 (99.5) 9 (100) 9 (100) 35 (89.7) 396 (98.8) 28.696 0.000 ***
organization Total 184 (100) 9 (100) 9 (100) 39 (100) 401 (100)
Respondent’s Aboriginal 169 (91.8) 163 (96.4) 4(44.4) 24 (61.5) 360 (89.8)
origin Allochtone 15 (8.2) 6 (3.6) 5 (55.6) 15 (38.5) 41 (10.2) 49.338 0.000 ***
Total 184 (100) 169 (100) 9 (100) 39 (100) 401 (100)

Number of observations = 401; X2, chi-square test; percentage in brackets; ** indicates a highly significant test at
5%; *** indicates a very highly significant test at 5%.

Furthermore, analysis by age group shows a clear demarcation between young and
older people regarding their perception of rubber plantations. Young people (under 45)
account for 48.4% of those surveyed with a positive perception of the need to conserve these
plantations, while those who are over 45 represent 51.6% of those with the same opinion.
This distribution suggests a significant difference in attitude according to age, with a more
marked tendency among young people to perceive the conservation of rubber plantations
as an asset to be protected for future generations. Young people are indeed more inclined
to see the conservation of rubber plantations as essential to securing future generations’
futures, which could reflect a heightened awareness of environmental and sustainability
issues. This positive perception could be linked to a greater openness to sustainable
development ideas and a desire to bequeath a favorable environment to future generations.
On the other hand, although also they share a positive perception of conservation, older
people seem to have a more nuanced view of the situation, probably due to their direct
experience and adaptation to past changes, notably socio-economic and environmental
evolutions linked to rubber plantations.

The chi-square test (X> = 12.180, p = 0.007 **) supports this hypothesis, revealing a
moderate and statistically significant association between age and perception of rubber
plantation conservation. These results suggest that age has a substantial influence on
how individuals perceive the conservation of these plantations. It would be pertinent to
examine in more detail the factors underlying these divergences, exploring how different



Conservation 2025, 5, 33

12 of 25

generations approach natural resource management issues and how their past experiences
shape their vision of the future. Such analyses could offer avenues for the development of
intergenerational conservation strategies that are better adapted to the specific perceptions
and needs of the young and old alike.

With regard to the status of the head of household, the results reveal a marked dis-
tinction between individuals who occupy this role and those who do not. Household
heads, who accounted for 95.5% of respondents, had a significantly more favorable and
pronounced perception of the importance of rubber plantations. This trend could be ex-
plained by the fact that heads of household are often responsible for managing domestic
and economic resources, and therefore have a vested interest in maintaining plantations
to guarantee their family’s long-term food and financial security. Their perception could
also be influenced by a heightened sense of intergenerational responsibility, as they are
responsible for preserving resources for future generations of their children or relatives.
On the other hand, those who do not exercise responsibility tend to adopt a more distant
stance with regard to the conservation of rubber plantations. A significant proportion of
these individuals (25.6%) feel that plantations are mainly of interest to external projects.
This could be due to their less direct involvement in the management of family or commu-
nity resources, reducing their perception of the importance of these plantations in their
daily lives or their future. In addition, non-household heads may perceive plantations as
resources linked more to external issues, such as economic projects, than to immediate
domestic or community concerns.

The difference observed between these two groups is highly significant, as indicated by
the chi-square test value (X? = 45.198, p = 0.000 ***), suggesting that household head status
is a determining factor in the perception of rubber plantation conservation. This result
highlights the importance of social position and responsibilities within the family structure,
which appears to play a crucial role in how individuals value natural resources and make
decisions regarding their conservation. Future studies should explore in greater depth
the impact of power dynamics within households and communities on natural resource
management, particularly in rural contexts where family structures are often influential in
decision-making.

Analysis of the respondents’ social and legal organization reveals an almost absolute
prevalence of the patriarchal system, with 98.8% of respondents adhering to this model.
This social and legal structure has a significant influence on the perception of rubber
plantations, particularly how these plantations are perceived as being primarily associated
with development projects. Indeed, a consistent majority of participants who evolve within
a patriarchal framework seem to consider rubber plantations not only as an economic
resource but also as a lever for development initiatives or external interests, such as research
projects and community support programs. The dominance of the patriarchal system in
the region may explain this orientation, where power and decision-making structures are
concentrated within men, who are generally perceived as the main holders of family and
community authority. This dynamic may influence the perception of rubber plantations,
which are then interpreted as assets for development or investment projects, rather than as
conservation elements linked to environmental or intergenerational issues. It is likely that
in such a context, individuals, particularly those who do not exercise significant decision-
making power (such as women or young people), may have a more instrumentalized vision
of these plantations, linking them more to external projects or immediate profit objectives
than to a sustainable conservation perspective.
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The statistical significance of this relationship is indicated by the chi-square test, whose
value (X? = 28.696, p = 0.000 ***) shows that belonging to a patriarchal social organization
is strongly linked to the perception that rubber plantations are mainly associated with
development projects. This statistical association highlights the structural impact that social
hierarchy can have on perceptions of natural resources.

In terms of management and conservation policy, it is therefore essential to consider
the influence of the patriarchal model in rubber plantation management strategies. An
approach that fails to take this reality into account risks failing to respond adequately to
the concerns and needs of different categories of the local population, particularly women
and young people, who may be under-represented in decision-making processes linked to
plantation management. A more in-depth analysis of power relations within communities
would therefore be beneficial in developing conservation policies that are more inclusive
and better adapted to existing social structures.

Analysis of perceptions of rubber plantations by geographical origin reveals a marked
distinction between natives and non-natives. Indeed, most indigenous respondents (89.8%)
expressed a positive perception of the conservation of rubber plantations, suggesting a
stronger attachment to the sustainable management of this natural resource. Conversely, a
significantly lower proportion of non-natives (10.2%) see these plantations as relevant to
development projects, rather than as a heritage to be preserved for future generations. This
difference in perception between indigenous and non-indigenous groups is statistically
significant, as confirmed by the chi-square test (X? = 7.823, p = 0.000 ***), indicating a direct
relationship between respondents’ geographical origin and their view of the conservation of
rubber plantations. This result highlights the importance of geographical origin in shaping
perceptions, suggesting that natives, who are probably more rooted in the territory and local
resource management, develop a more favorable perception of plantation conservation as a
common and sustainable good. On the other hand, non-natives, who may be less involved
in the day-to-day management of plantations or less familiar with local dynamics, tend to
perceive these plantations from a more utilitarian angle, focused on external projects.

This distinction also reveals cultural and socio-economic aspects that influence how
different communities perceive rubber plantations. Indigenous people, likely to have a his-
torical and ongoing relationship with these plantations, might perceive their conservation
as necessary to maintain their traditional way of life. In contrast, non-indigenous people,
often associated with external dynamics, might see them more as resources to be exploited
as part of development projects or for economic purposes. The results underline that an
approach to the management and conservation of these plantations cannot be practical
without a thorough understanding of cultural differences and the varied perceptions that
arise from them.

The analysis of respondents’ economic characteristics in relation to their perception of
rubber plantation conservation, as presented in Table 5, reveals several significant trends,
both in terms of plantation acquisition, main activities, and the diversification of income
sources. These economic variables are strongly associated with how individuals perceive
the conservation of rubber plantations, and the statistical results corroborate this association
with very marked significances.
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Table 5. Economic characteristics of respondents in relation to their perception of the conservation of
historical rubber plantations.

2
Perceptions (Ii(eafseos;) p-Value
It's a Good
Thing That It's Important to It Would Be
Rubber Preserve Rubber  Preferable to Rubber
Independent Variables Plantations Plantations to Have No Plantations
Are Remember Our More Are Mainly Total
Preserved, Ancestors and Rubber of Interest to ota
as They Guarantee Our Plantations External
Enable Children’s Near Projects
Households Future. Villages.
to Survive.
Purchase 4(22) 1(0.6) 4 (44.4) 1(2.6) 10 (2.5)
Plantation Donation 0(0) 1(0.6) 0(0) 0(0) 1(0.2)
acquisition - 98.758 0.000 ***
method Inheritance 171 (92.9) 160 (94.7) 1(11.1) 35(89.7) 367 (91.5)
Total 184 (100) 169 (100) 9 (100) 39 (100) 401 (100)
Agriculture 166 (90.2) 131 (77.5) 5 (55.6) 26 (66.7) 328 (81.8)
Breeding 3(1.6) 8(4.7) 1(L.1) 5 (12.8) 17 (4.2)
Hunting 7(3.8) 16 (9.5) 2(2.22) 4(10.3) 29 (7.2)
Fishing 2(1.1) 0 (0) 0(0) 0(0) 2(0.5)
Main activity ™ g} ries 2(L1) 9(53) 1(11) 4(103) 16 (4.0) 35.799 0.007*
Trade 1(0.5) 2(1.2) 0(0) 0(0) 3(0.7)
Other 3(1.6) 3(1.8) 0(0) 0(0) 6(1.5)
Total 184 (100) 169 (100) 9 (100) 39 (100) 401 (100)
o Yes 115 (62.5) 135 (79.9) 7 (77.8) 35 (89.7) 292 (72.8)
Diversification
of revenue No 69 (37.5) 34 (20.1) 2(22.2) 4(10.3) 109 (27.2) 19.913 0.000 ***
sources Total 184 (100) 169 (100) 9 (100) 39 (100) 401 (100)

Number of observations in in-depth survey = 88; X?, chi-square test; percentage in brackets; ** indicates a highly
significant test at 5%; *** indicates a very highly significant test at 5%.

The method of plantation acquisition was found to be a determining factor in respon-
dents’ perceptions. Indeed, the chi-square test results (X? = 98.758, p = 0.000 ***) reveal a
highly significant association between this mode of acquisition and perceptions of rubber
plantation conservation. Those who acquired their plantations by inheritance feel it is im-
portant to conserve them to ensure their daily lives (92.9%) and those of future generations
(94.7%), thanks to the ecosystem services these plantations provide. A few respondents con-
sider plantations to only concern external projects (35.7%). On the other hand, plantation
buyers seem less likely to think that these plantations should be conserved or protected,
and more likely to perceive these plantations as interesting mainly for external projects.
This suggests that an acquisition by inheritance is potentially perceived as an ancestral and
lasting link with the land. In contrast, a purchase could imply a more utilitarian or com-
mercial vision of the plantation, more focused on immediate profitability. Results relating
to respondents’ main activity also significantly affect their perception of rubber plantations.
The chi-square test reveals moderate significance (X% = 35.799, p = 0.007 **), indicating
that the main sector of activity influences how individuals perceive the conservation of
these plantations. Those whose main occupation is farming have a significantly more
positive perception of the need to conserve and protect rubber plantations, particularly
with regard to conservation for future generations. In contrast, individuals whose main
activity is livestock rearing, hunting or fishing seem to be more distant from the issues
of rubber plantation conservation, suggesting that their relationship with the plantations
is less direct or less involved in the process of sustainable natural resource management.
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This trend is particularly marked in the group of herders, who have a weaker perception
of the importance of plantations, possibly due to their orientation towards other forms of
production or resource exploitation.

Diversification of income sources is another relevant economic factor in the analysis
of perceptions. The chi-square test (X* = 19.913, p = 0.000 ***) shows a highly significant
relationship between this variable and perceptions of rubber plantation conservation.
However, individuals who have diversified their sources of income (notably through
agriculture and other economic activities) have a more marked perception of the importance
of plantation conservation. They are also more likely to stress the need to protect these
plantations for future generations, suggesting that those with multiple sources of income
are more likely to adopt a long-term, sustainable approach to natural resources, as opposed
to those whose income is more dependent on a specific economic activity, who may adopt
a more short-term outlook. On the other hand, those who do not diversify their sources of
income tend to have a less favorable perception of the conservation and protection of rubber
plantations, which could be linked to a more immediate focus on short-term economic
gains, to the detriment of long-term environmental issues.

The results in Table 6 are interpreted based on an analysis of respondents’ perceptions
of rubber plantations in relation to certain organizational and institutional characteristics.
This analysis was structured by examining each independent variable, the results of the
chi-square test, and the implications of the results within a rigorous framework.

Table 6. Organizational or institutional characteristics of respondents in relation to their perception
of historical rubber plantations.

2-
Perceptions (I)’(ea;l;eosrtl) p-Value
It’s a Good
Thing That  It's Importantto It Would Be
Rubber Preserve Rubber Preferable to Rubber
Independent Variables Plantations Plantations to Have No Plantations
Are Remember Our More Are Mainly Total
Preserved, Ancestors and Rubber Interest to
as They Guarantee Our Plantations External
Enable Children’s Near Projects
Households Future. Villages.
to Survive.
Membership Yes 88 (47.8) 87 (51.5) 2(22.2) 10 (25.6) 187 (46.6)
iﬁjt:;fal No 96 (52.2) 82 (48.5) 7 (77.8) 29 (74.4) 214 (53.4) 10.761 0.013 *
society Total 184 (100) 169 (100) 9 (100) 39 (100) 401 (100)
Access to an Yes 18 (9.8) 33 (19.5) 0(0) 4(10.3) 55 (13.7)
;rl‘lf;’;‘:ft‘l No 166 (90.2) 136 (80.5) 9 (100) 35 (89.7) 346 (86.3) 9.052 0.029 *
network Total 184 (100) 169 (100) 9 (100) 39 (100) 401 (100)
Yes 120 (65.2) 130 (76.9) 1(11.1) 13 (33.3) 264 (65.8)
Member of a
growers’ No 64 (34.8) 39 (23.1) 8(88.9) 26 (66.7) 137 (34.2) 39.568 0.000 ***
association Total 184 (100) 169 (100) 9 (100) 39 (100) 401 (100)
. Yes 30 (16.3) 109 (64.5) 2(22.2) 15 (38.5) 156 (38.9)
Contact with
extension No 154 (83.7) 60 (35.5) 7 (77.8) 24 (61.5) 245 (61.1) 87.168 0.000 ***
services Total 184 (100) 169 (100) 9 (100) 39 (100) 401 (100)
Access to Yes 7 (3.8) 12 (7.1) 2(22.2) 4(10.3) 25 (6.2)
credit or
other forms No 177 (96.2) 157 (92.9) 7 (77.8) 35 (89.7) 376 (93.8) 7.090 0.069
of support Total 184 (100) 169 (100) 9 (100) 39 (100) 401 (100)

Number of observations in in-depth survey = 88; X2, chi-square test; percentage in brackets; * indicates thesignifi-

canttestat 5%; *** indicates a very highly significant test at 5%.
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The chi-square test revealed a significant association between membership in a social
organization and the perception of rubber plantations (p = 0.013 *). Indeed, 47.8% of
members of a social organization consider it good to conserve rubber plantations, and 51.5%
think that it is important to protect them for future generations. On the other hand, among
non-members, these perceptions are less pronounced (52.2% and 48.5%, respectively). The
non-member group presents a higher proportion of individuals who prefer the cessation of
rubber plantations (77.8%). These results suggest that involvement in a social organization
could positively influence perceptions linked to plantation conservation, making them
more sensitive to issues of sustainability and intergenerational transmission.

Statistical analysis also shows a significant association between access to an informal
self-help network and perception of rubber plantations (p = 0.029 *). Among those who
benefit from such networks, a higher proportion consider plantations something that
should be protected for future generations (19.5% versus 9.8% among those without access
to such networks). Conversely, non-beneficiaries of such networks are more likely to think
that plantations should be abandoned (77.8% versus 22.2% among those benefiting from
such networks). These results show that informal networks can play an important role in
the perception of the benefits of rubber plantations, notably by creating bonds of solidarity
and support within local communities.

Membership in a planters’ association is strongly associated with the perception of
rubber plantations (p = 0.000 ***). Indeed, a majority of members (65.2%) consider conserv-
ing plantations to be beneficial to their economic survival, and 76.9% think that it is crucial
to protect these plantations for future generations. On the other hand, a majority of non-
members believe that it would be preferable to abandon the plantations (88.9% versus 11.1%
of members). This result highlights the importance of planters” associations in the man-
agement and sustainability of rubber plantations, suggesting that collective organization
around this activity can positively influence the perception of its long-term benefits.

There is a very strong association between contact with extension services and per-
ception of rubber plantations (p = 0.000 ***). Among those who had been in contact with
these services, 64.5% felt that plantation conservation was essential, and 83.7% thought that
protecting them for future generations was crucial. In contrast, these perceptions are much
less pronounced among those who have not had contact (35.5% and 22.2%, respectively).
These results imply that access to extension services, which can provide technical informa-
tion and practical advice on sustainable plantation management, is crucial to improving
farmers’ perceptions of the long-term value of rubber plantations.

3.3. Modeling Conservation Factors in Historical Rubber Plantations

The results (Table 7) show the factors that are positively and negatively correlated
with the sustainable conservation of historical rubber plantations. The positively correlated
factors concern age, level of education, marital status, respondent’s status in the household
(being head of household), respondent’s origin (being indigenous), mode of plantation
acquisition (inheritance), consideration of agriculture as the household’s main activity,
diversification of income sources, membership in a tribal mutual-benefit society, access to
informal mutual, membership in an association, contact with an extension service, access
to credit, consideration of rubber plantations as a natural heritage, consideration of rubber
plantations as a means of combating the consequences of climate change, consideration of
rubber plantations as a means of preserving the health of the local community, consideration
of rubber plantations as a social value, consideration of rubber plantations as a means
of keeping other plant and animal species, the hope of regaining a market for natural
rubber, being a beneficiary of the ecosystem services rendered by rubber plantations, and
knowledge of the ban on bush fires near rubber plantations. On the other hand, gender
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(being a woman), social and legal organization (matriarchy), the existence of beliefs or
rituals associated with rubber plantations, the ban on cutting rubber trees, the imposition
of plantation access rights and the existence of penalties for cutting down a rubber tree
had a negative influence on the conservation of rubber plantations. During our qualitative
interviews, some respondents stated that belonging to a tribal mutuality associated with
colonial history reinforced their attachment to cultural values. Nevertheless, the existence
of sanctions that can go as far as expulsion from the village in the event of rubber cutting,
as well as rituals associated with rubber plantations, are increasingly frowned upon, albeit
by a minority of inhabitants, notably because of their Christian affiliation. For example,
some people mentioned that in the event of social problems such as the death of customary
chiefs, epidemics or climatic disturbances such as prolonged rains, instead of invoking
God, some community members went to the rubber plantations to invoke the spirits of
the ancestors in order to obtain help. These practices were frowned upon by the villages’
Christian communities.

Table 7. Estimation of the logit model in rubber plantation conservation. The signs of the coefficients
and the odds ratios denoted by Exp(B) indicate the direction of the relationship between the variables
in the equation. The Wald statistic plays the same role as the ¢-test, revealing the contribution of each
predictor to model improvement.

95% Confidence Interval for

Independent Model Variables B E.S Wald Sig. Exp(B) EXP(B)

Lower Superior
Type —0.976 0.997 0.960 0.327 0.377 0.053 2.656
Age 0.024 0.431 0.003 0.956 1.024 0.440 2.384
Study level 0.114 0.506 0.051 0.822 0.892 0.331 2.408
Social and legal organization —17.895 16,511.969 0.000 0.999 0.000 0.000 .
Civil status 0.201 0.914 0.048 0.826 0.818 0.136 4.908
Respondent’s status in the household 0.177 1.169 0.023 0.880 1.193 0.121 11.797
Respondent’s origin 1.602 0.760 4.449 0.035* 0.201 0.045 0.893
How rubber plantations are acquired 0.966 1.338 0.521 0.470 2.626 0.191 36.129
Agriculture as main activity 1.010 1.060 0.907 0.341 2.746 0.344 21.943
Diversification of revenue sources 0.315 0.525 0.359 0.549 0.730 0.261 2.044
Membership in a tribal mutual society 0.008 0.464 0.000 0.986 0.992 0.399 2.464
Access to informal self-help networks 0.850 0.625 1.852 0.174 2.340 0.688 7.965
Association membership 1.148 0.594 3.735 0.050 * 0.317 0.099 1.016
Contact with an extension service 1.830 0.612 8.940 0.003 ** 6.231 1.878 20.674
Access to credit 1.386 0.818 2.873 0.090 3.998 0.805 19.848
Cor}51deratlon of plantations as natural 2570 1.061 5.874 0.015 * 0.077 0.010 0.612
heritage
Consideration of rubber plantations as a
means of combating the consequences of 0.082 0.523 0.025 0.875 0.921 0.330 2.568
climate change
Consideration of rubber plantations as a
means of preserving the health of the 0.628 0.725 0.751 0.386 0.534 0.129 2.208
community
The social value of rubber plantations 1.203 1.062 1.283 0.257 0.300 0.037 2.408
Consideration of rubber plantations as a
means of preserving other plant and 0.122 0.559 0.048 0.827 1.130 0.378 3.381
animal species
Existence of beliefs or rituals associated ~0.108 0.436 0.061 0.804 0.898 0.382 2.110
with Hevea plantations
Hope for a return to the rubber market 0.606 1.295 0.219 0.640 0.546 0.043 6.901
Beneficiaries of ecosystem services 4206 0.534 61935  0.000**  0.015 0.005 0.042
provided by plantations
Ban on cutting rubber trees —0.396 0.623 0.403 0.525 0.673 0.199 2.282
Ban on bush fires near plantations 0.006 1.022 0.000 0.995 1.006 0.136 7.451
Imposing access rights to plantations —0.623 0.547 1.299 0.254 0.536 0.184 1.566
Existence of penalties —0.803 0.596 1.816 0.178 0.448 0.139 1.440
Constant 1.426 1.224 1.358 0.244 4.162

Legend: Number of observations: 401; 2 log likelihood = 187.580; R? (Nagelkerke) = 0.703; p-value = 0.000 ***;
* = statistical test significant at 5%; ** = statistical test highly significant at 5%; *** = statistical test highly significant
at 5%.
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Figure 4 below shows a village located in a rubber plantation area in Sankuru Province,
illustrating the socio-economic dynamics that govern these rural areas. The architecture of
the dwellings, built in cobs with vegetable leaf roofs, bears witness to a strong dependence
on local natural resources and resilience in the face of climatic and economic constraints.
The forest backdrop underscores the interaction between human activities and the sur-
rounding ecosystem. This proximity highlights the ecosystem services provided by rubber
plantations, as well as the challenges involved in conserving them.

Figure 4. Village near rubber plantations in Sankuru Province.

4. Discussion

4.1. Characteristics of Respondents in Relation to Their Perception of the Conservation of Historical
Rubber Plantations

Our results showed that most of our respondents perceived the conservation of rubber
plantations as beneficial, while a minority felt that these plantations served the interests
of external projects. Our results are corroborated by those of a recent study which iden-
tified 21 ecosystem services provided by these same plantations and indicated the local
community’s dependence on these services. These services are classified into four cate-
gories: eleven provisioning services, four regulating services, four cultural services and
two supporting services [36].

Additionally, the literature consistently supports the notion that, similar to other
conserved forest ecosystems [53,54], rubber plantations are likely to deliver significant
ecosystem services to local communities [36]. This finding aligns with our own results
(Table 7), which demonstrate a strong, statistically significant correlation between the provi-
sion of ecosystem services and the conservation of rubber plantations. Furthermore, existing
research suggests that rubber plantations contribute to carbon sequestration, capturing
substantial amounts of carbon dioxide from the atmosphere [38].

Furthermore, our survey results revealed a high representation of men (91.52%) aged
over 45 (53.62%) in the conservation of rubber plantations in the Lomela and Lodja ter-
ritories. These same results showed that being male, elderly, head of household, having
patriarchy as a social and legal organization, owning rubber plantations by inheritance,
practicing agriculture as a main activity, having diversified sources of income, being a
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member of a tribal mutual-benefit society, having access to an informal self-help network,
being a member of a rubber planters” association and having been in contact with exten-
sion services all have a significant influence on perceptions linked to the conservation of
rubber plantations.

Qualitative analysis of the interviews conducted, particularly that with a woman
living in the village of Lokolo, highlights the persistence of highly patriarchal customary
norms governing women’s access to land resources. According to this interviewee, women
are structurally excluded from inheriting land capital, particularly rubber plantations, as
long as a man remains in the family line. This testimonial, representative of several cases
recorded, reveals that the rare female owners of rubber plantations can only gain access to
them under exceptional circumstances, such as the absence of male heirs (only daughter)
or belonging to a royal lineage where inheritance rules are more flexible.

The structuring of customary land law, as observed in the study area, enshrines a logic
of transmission, to the benefit of men considered to be the legitimate heirs of plantations.
This structural inequality is reinforced by the predominantly patriarchal social and legal
organization, which almost 99% of respondents declared to be the dominant mode of
regulation. As a result, the conservation and management of historical rubber plantations
are overwhelmingly in the hands of men. At the same time, women are relegated to
subsistence farming functions, marginalized in the dynamics of patrimonial capitalization.

These findings align with the critical analyses by [55] and by [56], according to which
customary systems in sub-Saharan Africa maintain unequal gender regimes that restrict
women’s economic autonomy, particularly in regard to land tenure. Refs. [57,58] also
confirm that rubber plantations in village contexts are generally transferred from father
to son, perpetuating women’s almost systematic inaccessibility to this strategic resource.
This situation raises major issues regarding land justice, socio-economic inclusion and the
sustainability of agroforestry systems, particularly in a context where old rubber plantations
are invested with economic, memorial and ecological functions.

Many authors agree that the characteristics of local communities, such as the diversifi-
cation of income sources, are likely to improve living conditions and reduce pressure on
forest ecosystems [59] as well as on protected areas [60,61]. The results of our interviews
revealed that the lack of male employment, due in particular to the absence of perennial
crops, which are often the preserves of men, leads to strong pressure on natural resources
and puts too much pressure on women to grow food crops, which would be their preserves.
These men said they hoped to find secure sources of income, such as the production of
natural rubber, as was the case in colonial times, for hunting remains an activity with a
high risk of arrest and uncertainty linked to the increasing scarcity of wildlife products.
Local communities” pressures on Salonga National Park have already been reported in
research [62].

4.2. Factors Influencing the Decision to Conserve Rubber Plantations

When the world faces the serious environmental consequences of deforestation and
dramatic forest degradation [63,64], it is essential to gain a better understanding of the
decisions that local communities make to conserve forest ecosystems, particularly rubber
plantations. Authors agree that local communities” decisions to conserve forest ecosystems
may vary according to the socio-demographic, economic [65], institutional [51], cultural
and ecological context in which they evolve [66].

Furthermore, the characteristics of each community member are likely to influence the
decision whether or not to participate in the conservation of forest ecosystems. In this study,
the respondents’ origin (being indigenous), membership in an association, contact with an
extension service, consideration of rubber plantations as a natural heritage, and benefiting
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from the ecosystem services provided by these plantations positively and significantly
influenced the conservation of rubber plantations. On the other hand, gender (being a
woman), social and legal organization (matriarchy), the existence of rituals associated with
rubber plantations, the prohibition of cutting rubber trees, the imposition of access rights
to plantations and the existence of sanctions linked to the cutting of a rubber tree had a
negative influence on the conservation of rubber plantations.

Furthermore, the highly significant influence of the ecosystem services provided by
rubber plantations on conservation can be attributed to the strong dependence of local
communities on these plantations. Several authors have also observed that the ecosystem
services provided by forest ecosystems increase the dependance of communities and
strengthen their decision to participate in their conservation [67,68]. Ref. [65] adds that
ecosystem services are tools for forest ecosystem conservation projects.

Conversely, the negative influence of gender on the conservation of rubber plantations
can be explained by the fact that patriarchy, a widespread form of social and legal orga-
nization in the villages studied, discriminated against women in the inheritance of land
and rubber plantations, to the benefit of men. This could have had a negative impact on
women’s motivation to maintain rubber plantations. Furthermore, in the villages surveyed,
farming was cited as the main household survival activity, and it was mainly practiced by
women, without the support of their husbands (heirs to the land and rubber plantations).
Despite this, these women were forced to travel long distances searching for farmland,
even though the rubber plantations were close to the villages. This could also negatively
affect the women'’s motivation to maintain the rubber plantations. One study argues that,
as forest ecosystem conservation challenges intensify, local communities’” involvement, par-
ticularly that of women, is becoming increasingly crucial (Ota et al., 2024). Unfortunately,
gender-related barriers, such as limited access to education, resources and leadership roles,
limit their potential contribution [66].

Furthermore, although this study did not directly incorporate biophysical variables
such as biodiversity, carbon storage, or ecosystem resilience indicators, it offers a detailed
analysis of the social representations and community dynamics that shape the conservation
of historic rubber plantations. These plantations, inherited from the colonial period, consti-
tute not only declining productive capital, but also an agroforestry heritage that could play
a strategic role in addressing contemporary climatic and socio-economic challenges [69].
Similarly, ref. [70] emphasize, through a case study in the Amazon, that the conservation
of traditional forest systems relies heavily on the perceived coherence between economic
utility, cultural recognition, and the social memory of the landscape. In this sense, our
results are part of an emerging field of research that advocates for the revaluation of old
plantations through an integrated reading of social and territorial determinants. They
help to demonstrate that any sustainable conservation strategy would benefit from being
co-constructed with local communities, not only for reasons of efficiency, but also in the
interests of environmental justice and respect for identity-based attachments to the land.

Our diagnosis led us to consider historical rubber plantations not only as potential
vectors for natural rubber production, but also as having a socio-cultural and environmental
dimension for local communities. This analysis argues for a thoughtful revival of the
rubber industry in Sankuru Province, in order to create jobs for men and reduce pressure
on the Salonga National Park. Our results can be considered in policy research aimed at
improving the management of conserved forest ecosystems and protected areas threatened
by anthropogenic pressure from local communities.
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5. Conclusions

The study deciphered the factors that are likely to influence local communities’ per-
ceptions and decisions regarding the conservation of historic rubber plantations, inherited
from colonial period (in 1955). The data collected from the 401 interviewers showed a wide
disparity between men (91.52%) and women (8.48%). The right to own rubber plantations
was dictated by patriarchy, which favored men, who hold 97% of rubber plantations by in-
heritance, and discriminated against women. In terms of conservation policy, it is therefore
essential to consider the influence of the patriarchal model in conservation strategies for
historical rubber plantations. An approach that fails to consider this reality risks failing
to respond adequately to the concerns and needs of different categories within a rural
community, particularly women and young people, who may be under-represented in
decision-making processes.

The same results showed that households survived thanks to agriculture practiced
mainly by women and hunting by men. Each household member lived in extreme poverty,
with a daily income of USD 0.33, 6.5 times below the regional poverty line. This exacerbates
the pressure on natural resources. The study calls for a well-considered and inclusive
revival of the rubber industry, likely to guarantee jobs for men and reduce pressure on
protected areas such as the Salonga National Park.

In addition, perceptions of rubber plantations were significantly influenced by gender,
age, social and legal organization, geographical origin, mode of acquisition, main activity,
the diversification of income sources, membership in a tribal mutuality, access to an informal
self-help network, membership in an association and contact with extension services. Men
perceived the conservation of rubber plantations as beneficial, while women thought these
plantations served the interests of external projects. Conservation of rubber plantations
was positively and significantly correlated with geographical origin, membership in an
association, contact with an extension service, the consideration of plantations as natural
heritage and the ecosystem services provided

The dependence of local communities on these ecosystems, particularly because of the
cultural value and services they provide, plays a decisive role in their desire to conserve
them. However, this dynamic is strongly influenced by economic constraints, extreme
poverty, land pressure and the absence of clear public policies for the sustainable develop-
ment of these former plantations. It is therefore crucial to strengthen institutional support,
encourage local incentive mechanisms and integrate these plantations into rural develop-
ment and sustainable landscape management policies. Ultimately, a participatory, inclusive
and integrated approach is needed to ensure these historic plantations’ sustainability while
improving local communities’ living conditions. Taking these local dynamics into account
is essential for the development of policies aimed at strengthening the governance of trop-
ical forest ecosystems and envisaging an inclusive and sustainable revival of old rubber
plantations in developing countries. These findings also highlight that rubber plantations
preserved since colonial times cannot be understood solely in terms of rubber production,
but must also be considered from a socio-ecological and heritage perspective. The results
of this study suggest that national natural resource management policies and develop-
ment agencies will need to take local contexts into account, particularly with regard to
community perceptions and motivations, in strategies aimed at establishing sustainable
models for forest ecosystem conservation. In terms of research limitations, this study did
not address issues related to ecology, biodiversity, and ecosystem services such as carbon
sequestration in rubber plantations. Although our findings revealed that the heritage
dimension is linked to local communities” consideration of rubber plantations, in order to
highlight the initial economic dimension linked to the existence of rubber plantations, we
recommend an in-depth study of the factors influencing local communities” intentions to
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revive natural rubber production in historic rubber plantations that have been conserved
since the colonial era.
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