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ARTICLE INFO ABSTRACT

Socio-economic factors and conservation of biodiversity interplay is very
important but understudied especially in the biosphere reserves. This paper
evaluates the contribution of socio-economic factors in sustaining biodiversity in
Vhembe Biosphere Reserve, which is abundant in biological diversity and
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Revised : heritage. The study employs the mixed-methods strategy in which the
3 November 2025 quantitative method is applied using the data provided by the Statistics South

Africa (SSA) census on education, employment, and income level to determine the
Accepted : relationship between this data and the concept of biodiversity conservation. The
11 November 2025 factors are identified as major contributors to biodiversity destruction in the

region. The data on loss of biodiversity were obtained through SSA and analysed
Published : using R-Studio with multiple logistic regression. The model that best fit was the
22 November 2025 level of education, the lowest AIC was 66.33, which indicates that the level of

education is a significant contributor to the degradation of biodiversity. It is worth
noting that the education levels of “No schooling”, “Some primary” and “Some
secondary” had a great impact on the biodiversity variable. “No schooling” was
the most significant negative variable that influenced the loss of biodiversity. The
research highlighted how environmental education and awareness can be utilised
to conserve natural resources. The solution to these socio-economic driving
factors would contribute to achieving a sustainable equilibrium between human
development and the ecological conservation of the Vhembe Biosphere Reserve.
The study will help in comprehending the effects of socio-economics on
biodiversity and offer practical implications to policymakers and conservationists
around the world.
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INTRODUCTION

Biospheres refer to the world's ecologies, which are a combination of living organisms and
their interactions with the physical world. They are dynamic and interdependent systems that ensure
life on Earth and demand close attention to be preserved to stay healthy and functional [1], [2]. They
are useful in global, national and local economies such as agriculture, forestry, tourism [3], [4], energy
production, transportation [5], mining and infrastructure development [6]. Their production and
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usage processes reflect socioecological and economic changes occurring at a larger scale where
economic globalisation and imminent global land scarcity escalate the management challenges for
their future course [7], [8]. Socio-economic growth requires more resource input and, thus, more
biodiversity and natural resource consumption during production. Therefore, at the early stages of
any developmental economy, humans use more biodiversity resources at the expense of resulting in
environmental consequences that lead to destructive biodiversity effects [9], [10], [11]. It is widely
acknowledged that nature, culture, and economic development are intricately linked and that
naturally protected areas alone cannot halt biodiversity loss. Furthermore, the demand for food and
other resources has increased in the past decades, calling for a more integrated approach to
conserving biodiversity and sustainably, [12] and [13] defined a driver as any natural or human-
induced factor or variable that is casually linked directly or indirectly to a measured change in a
response variable that directly or indirectly causes a change in an ecosystem, where changes in
ecosystem services can feedback to alter biodiversity drivers. A direct driver undeniably influences
ecosystem processes, while indirect drivers operate more diffusely in adjusting one or more direct
drivers [12], [14], [15], [16]. Some of the biodiversity loss critical drivers identified in other studies are
climate change, agricultural production, fuel-wood collection, nitrogen deposition, livestock grazing,
atmospheric carbon dioxide and biotic exchange [17], [18]. The consequences of these drivers vary in
different ecosystems, and the various indirect drivers contribute in distinct ways to biodiversity loss
in each location [19].

Land use activities like deforestation caused by agriculture expansion, road construction, and
fuel wood extraction are some of the key drivers of biodiversity loss in Africa [20], [21], [22]. Specific
biospheres provide ecosystem services such as provisioning, regulating, cultural and supporting
services, not only for local communities but also for a large population outside their boundaries, as
production and utilisation of biospheres continue to be influenced by intrinsic demands and policy
decisions made at local, national, and international levels [23], [24], [25]. Biodiversity loss drivers and
consumption of natural resource capital for economic gains are inextricably linked, stemming from
the utilisation of biodiversity resources for economic advantages [26], [27], [28], [29]. Despite
acknowledging the influential role biodiversity plays in supporting terrestrial ecosystes, biodiversity
continues to decline at an unprecedented rate on Earth [30], [31], [32].

Several studies have alluded to the fact that anthropogenic activities such as shifting and
extensive agriculture by smallholder and commercial farmers, intensification of subsistence and
commercial farming in the past four to five decades, burning of biomass and mono-cropping, extensive
use of synthetic fertilizers, disposal of herbicides and insecticides in given ecosystems affect terrestrial
ecosystem negatively and led to the loss of natural and seminatural habitats and biodiversity loss [12],
[33], [34], [35], [36], [37]. Reports have also gathered that biodiversity is often threatened by multiple
interacting drivers that work over a period of time and these include but are not limited to increases
in temperatures and severe events such as floods, droughts, and heat waves [38], [39]. Some studies
indicated that biodiversity loss is also caused by several economic activities, including the location of
activities, resource endowments and ecosystem conditions, available technologies and relevant
policies [40], [41], [42], [43]. [44] posited that incomes derived from economic activities by individuals
determine their level and nature of natural resource consumption and associated services.

[14] and [45] affirmed in their studies that demand for non-agricultural goods and services
increases faster than demand for agriculture, which leads to a dramatic change in the structure of
economic activities and ecosystem modifications. However, it was recorded that as people’s income
improves due to economic growth, they tend to shift to non-agricultural goods and services that
improve their quality of life. While this was viewed as a positive shift towards pressure reduction on
biodiversity ecosystems, some studies also posited that with economic growth, the industrial and
service sectors of an economy grow much faster with a significant impact on biodiversity status [46],
[29], [47], [48]. Furthermore, the under-pricing and undervaluing of natural resources influence
terrestrial biodiversity loss, which suggests that if natural resources and associated ecosystems are
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inappropriately priced, converting them to agriculture and other land-use forms is less costly than
preserving them [49], [50], [51].

In many parts of Africa, a large share of the population lives in rural areas, often in low-income
households that depend heavily on natural resources for their livelihoods. Livestock, wild foods, and
wood are directly used by people to cook and heat, and this direct reliance puts pressure on local
ecosystems that increases [52], [53], [54]. [12] also observes that the escalation of land use has already
lowered biodiversity services in most regions of the world which is also evident at the local scale.
Vhembe Biosphere Reserve has various types of diverse ecosystems that are native forests, savannas,
grasslands, mountain escarpments, and wetlands, which sustain high biologic diversity [55].
Nevertheless, the area experiences an increasing pressure because of the growing settlements,
agricultural practices, mining activities, and other land-based activities that cause loss of biodiversity
[56], [57], [58], [59], [60]. Although the Vhembe Biosphere has an ecological significance, the loss of
biodiversity in the region has not been quantified and very little has been done to investigate the
socio-economic factors that induce biodiversity loss. As the burden of human activity increases, it has
been necessary to have knowledge on how socio-economic conditions influence the outcomes of
biodiversity. The research fills this gap by defining and evaluating the main socio-economic factors
associated with the loss of biodiversity, which presents the evidence that can be used in the more
specific and efficient conservation policies towards the Vhembe Biosphere Reserve.

METHODS
Study Area

The Vhembe Biosphere Reserve, which is the subject of the study, is situated in Limpopo
Province in latitude 22 0 7 32 s to 23 0 34 14 s and longitude 28 0 39 32 sto 31 0 33 4 s (Figure 1). The
reserve boasts of a variety of ecosystems and offers numerous ecosystem services. It has many
endangered plant and animal species, with approximately twenty-three vegetation types or biotopes,
many of which are either endemic or nearly so. The ecosystems of the region are savannah, grassland,
native forests, and a number of wetland systems [55], [61], [62]. In recent decades, the economic
development of the area has been very fast, which puts more pressure on natural resources. Human
activities in the Vhembe Biosphere Reserve have been on high pressure in the last two decades, which
include the growth of settlements associated with rural-urbanization, exploration and development
of mining, forest harvesting, forest exploration as well as agricultural growth. Such practices have led
to a decrease in biodiversity and changing of the land-use in the region [55], [63], [64]. The reserve
has a mixture of different types of soils such as sandy, clay, and red-loam, with red-loam soils being
the most widespread and more likely to be fertile. Southpansberg mountain range is one of the key
topographical characteristics of the area that has a significant impact on the local climatic patterns. It
influences precipitation, temperature, and humidity and determines the drainage system of the area
and leads to rather high rates of rainfall The rainy season occurs mainly in summer, from November
to March, with annual rainfall varying by location but generally ranging between 500 and 800 mm

[61], [62].
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Figure 1. Study area map showing the location Vhembe District Biosphere

Biodiversity Data

In this research, the biodiversity data of losses and gains was generated using the Landcover
maps of the South African National Land Cover repository; these maps were computed at a national
level using Landsat and Sentinel 2 sensors, 1990-2013 and 2018, respectively. The landcover maps of
South Africa can obtained from Department of Environmental Affairs-GIS data. Land cover change
was calculated based on vegetation classes by calculating the amount of loss and gains in vegetation
over the years above, where the barren land classes (pixels) were regarded as biodiversity loss (0) and
vegetated classes were regarded as biodiversity gains (1).

Social-economic Data Preparation

In analysing drivers of biodiversity loss in the Vhembe biosphere, the study considered three
(3) socio-economic variables data: income, employment and education levels for the population in the
study area between 1990-2014 and 2014-2018, totaling 29 variables (Table 1). The selected socio-
economic variables were used to analyse biodiversity loss in the study area, they were considered
because they were assumed to be the most significant causes contributing to biodiversity loss [65],
[66], [67]. These variables for various households in the municipality were obtained from the Statistics
South Africa (SSA) census data repository [68].

Education levels data captured include; the “Non-schooling population”, “Some primary”-
population that went to primary school, “Completed primary”- population that completed primary
school, “Some secondary”- some of the population that completed secondary school, “Grade
12/Std10”- based on school going age population per ward resident between 15-64 years of age and
“Higher”- the population that attended higher institution of learning. The captured employment levels
were categorised into four categories: “Employed”, “Unemployed”, “Discouraged work seeker” and
“Other not economically active people” per household in each ward (Table 1). For income levels,
different income total amounts were captured, ranging from R5,000 to R600,000 of the total monthly
incomes of the employed population per ward/household residents between 15 to 64 years of age
(Table 1).

Biodiversity Loss Data Preparation

Biodiversity loss data under census classification were acquired through Statistics South Africa
[68] and used in this study together with socio-economic variables through the use of statistical
software R-Studio for regression analysis. The dependent variable used in the study was biodiversity
loss, while the independent variables were the population's education, employment and income levels
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inthe study area. Socio-economic data variables were selected based on their representative potential
as biodiversity loss drivers in the Vhembe biosphere. Social-economic data sets were randomly split
into 70% calibration and 30% validation for model performance evaluation during logistic regression

analysis [69], [61], [70].

Data Analysis

In assessing the relationship between socio-economic variables and biodiversity loss, a logistic
regression analysis model was employed to identify the drivers of change (dependent variables) using
a set of independent variables categorised by the population’s education, employment and income
levels in the study area. The advantage of using logistic regression for the analysis in this study is that;
it helps to model relationships between a response variable and one or more explanatory variables,
where the outcome variable is discrete in taking on two or more possible values [71]. The logistic
regression model does not assume linearity between independent and dependent variables and does
not assume variables have equal statistical variances [72].

Logistical regression analyses biodiversity loss drivers as the outcome’s variable 'natural
resource change' had two categories where 1 (dependent variable) indicated change detected and O
(independent variable) indicated no change detected, this assisted in data description and explanation
of the relationship between one dependent variable driver and the independent variables. The data
mining analysis package “Rattle” was run stepwise within an R-statistical and programming software
implemented in R-studio [73].

The logistic regression equation is: log (p/(1-p)) = 60+81X1+62X2+ 63X3...+8nXn ................ (1)
where “p” is the probability of the dependent event occurring i.e. “Biodiversity Loss”; X1 is the
“education levels”, X2 is the “employment levels” and X3 is the “income levels”.

Hence, log (p/(1-p)) = 80+81(Education)+62(Employment)+ B3(Income) .............ccoeeerereennnee. (2)

Validation of The Logistic Regression Model

In order to verify the effectiveness and integrity of the model, we took 30 per cent of the data
to test the model using Area Under the Curve (AUC) and Receiver Operating Characteristics (ROC)
curve, as argued in some of the research works. The coefficient of variation and the AUC were
considered performance measures of the logistic regression [73], [74], [75]. The most popular metric
to determine the accuracy of probability modelling results is AUC; where 1 and 0 denote good and
poor performance of a model, respectively [76], [77], [78]. Using all the information created based on
the predictors, the ROC curve is useful in showing the quality of the model performance, and a
convenient indicator of the quality of models that is threshold-independent [79], [80], [45]. The
usefulness of the AUC is that it provides the degree of effectiveness of a model in discriminating
between locations that contain a species and those that do not, using the set of predictor variables in

total [81].

Akaike Information Criterion (AIC)

AIC is the statistic that is frequently applied to compare models and determine which of them
fits a particular dataset best [82]. It assists in determining the best fitting model by balancing goodness
of fit with model simplicity, these are used to punish models that contain unnecessary parameters to
mitigate the risk of overfitting. In reality, the model that has the minimal AIC is chosen, and it provides
an optimal combination of accuracy and complexity [83], [84]. The AIC values would be computed in
this study of models that included the socio-economic variables such as education, employment, and
income levels to ascertain the most appropriate model to explain the primary cause of biodiversity
loss in the Vhembe Biosphere Reserve.

The AIC value for a model is given by: AIC = 2k — 2In(L) ......c.cevveevveecrereeeirene, (3)
where k represents the number of model parameters and L is the maximum likelihood of the model.
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RESULTS

Descriptive statistics for all variables

Some of the long-term socio-economic data utilized in this research included education,
employment, and income levels, which are the same variables used in the four district municipalities
that comprise the Vhembe Biosphere Reserve. A descriptive statistics was used to analyze the
minimum, maximum, mean, and standard error of each variable (Table 1). The outcomes reveal that
there is a close relationship between the destruction of biodiversity and the level of education in the
region. No schooling was the category of education that had the most negative impact on the
conservation of biodiversity, which confirms the idea that low educational levels can be a contributor
to exploitation and resulting decline of biodiversity. The conclusion of this study can be compared to
other works [85], [86]. Moreover, a decrease in income levels has a strong influence on the loss in
biodiversity, which is observed in certain studies [87], [88], and an increase in employment and income
levels can reduce this effect.

Table 1. Descriptive statistics based on employment, income, and education levels in the study area

No: of Standard Coefficient
Variable Name samples Minimum Maximum Range Sum Median Mean Variance deviation fJf
variance
F1990 2014 change 127 0 1 1 105 1 0.82 0.14 0.37 0.45
F2014_2018 change 127 0 1 1 105 1 0.82 0.14 0.37 0.45
Employment
Employed 127 306 7294 6988 189368 1074 1491.08 1310080 1144.58 0.76
Unemployed 127 231 1888 1657 119489 932 940.85  130057.1  360.63 0.38
Disco“;:ff:rwork' 127 40 1472 1432 66102 498 52048  77908.49  279.12 0.53
Other not
economically active 127 1331 5171 3840 387001 2978 3047.25 639890.4 799.93 0.26
Income levels (000)
No income 127 156 1841 1685 93412 702 735.52  81280.98  285.09 0.38
5 127 74 1343 1269 71570 551 563.54 46424.11 215.46 0.38
5-10 127 143 3414 3271 185907 1410 1463.83  327627.7 572.38 0.39
10-20 127 479 3976 3497 266966 2053 2102.09 3175114  563.48 0.26
20-40 127 675 4972 4297 332586 2549 2618.78  628476.2 792.76 0.30
40-80 127 399 2311 1912 140085 990 1103.031 199037.4  446.13 0.40
80-150 127 216 1812 1596 82169 531 647 129898 360.41 0.55
150-300 127 91 2173 2082 58386 346 459.73 132632.4 364.18 0.79
300-600 127 18 1608 1590 30048 148 236.59  79402.83  281.78 1.19
Education
No schooling 127 193 1872 1679 129697 974 1021.222 104550.1 323.34 0.31
Some primary 127 800 4208 3408 320283 2512 2521.91 370407 608.61 0.24
Completed primary 127 154 1449 1295 65602 489 516.55 26702.03 163.40 0.31
Some secondary 127 1564 5313 3749 375868 2865 2959.59 612038.5  782.32 0.26
Grade 12/5td10 127 406 2806 2400 158046 1155 1244.45 225898.7  475.28 0.38
Higher 127 88 2429 2341 66038 366 519.98 185159.5 430.30 0.82

Source: Author, 2025
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Model Performance

During the statistical analysis, AIC models were generated based on dependent variable data
used to compare and understand which of the models generated based on the given variables was the
best fit to explain biodiversity loss in the study area. In our study, the education level AIC model has
the lowest values of 66.333 (Figure 2), while others have higher values above the lowest baseline, with
values of 71.311 and 74.545 for employment and income levels, respectively (Figures 3 and 4). Thus,
the model is presented with the value of 66.333 as the best-performing model based on the data used.

SOCIAL-ECONOMIC DRIVERS OF BIODIVERSITY
Education Model

Under the model for education levels, certain variables were significant in explaining the
changes in biodiversity loss, namely, “No schooling”, “Some primary” and ‘Some secondary”, as
indicated in Table 2. This is because their P-Values are (< 0.05). All the other variables show a weak
significance against biodiversity loss (Table 2). Amongst the significant variables, “No schooling”,
“Some primary”, and ‘Some secondary” have P-values of (p = 0.03 < 0.05), (p = 0.04 < 0.05) and (p =
0.04 < 0.05) at 0.05, 0.01 and 0.01 significant level (a), respectively. The study findings reveal that,
although having a minute regression coefficient (-0.0028548), “No schooling” is the most variable
negatively influencing biodiversity among the significant variables with a z-value of -1.81.

Table 2. Education Variables

Variable Estimate Standard Error Z value P value
No Schooling -0.0028548 0.001572 -1.81 0.03 °
Some Primary 0.0028733 0.0014303 2.00 0.04 *
Completed Primary 0.0080506 0.005229 1.54 0.12
Some Secondary -0.0029348 0.0014763 -1.98 0.04 *
Grade 12/Standard 0.0002188 0.0020259 0.10 0.91
Higher 0.0008569 0.0019546 0.43 0.66
Significant codes Q "EEH 0.001 "**! 0.01 '+ 0.05 " 01''1
AIC =66.333

Source: Author, 2025

Under the education model in Figure 2, an AUC score of 1.0 was attained, an indication that the model
correctly predicted all education variables and their significant contribution to biodiversity in the study
area. It should, however, be noted that a score of 1 does not necessarily mean that the model is
perfect; it can still have limitations and biases.
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Figure 2. Education variables AUC
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Employment Model

The number of “Employed” people in the study area positively and significantly influenced
biodiversity with a z-value of 0.15 (Table 3). The “Unemployed” and “Not economically active” people
negatively influenced biodiversity with z-values of -0.30 and -0.93 respectively, although not
significantly.

Table 3. Employment Variables

Variables Estimate Standard Error Z value P value
Employed 6.10 3.91 0.15 0.87 *
Unemployed -2.90 9.45 -0.30 0.75
Discouraged work- 1.84 1.35 0.13 0.89
seeker
Others not economically -4.35 4.64 -0.93 0.34
active
AlIC=71.311
Significant codes Q "EEH 0.001 "**! 0.01 '+ 0.05". 01"

Source: Author, 2025

The Area Under the Curve (AUC) was generated as a measure of the accuracy of a model to predict
the probable contribution of employment to biodiversity loss (Figure 3). An AUC score of 0.06 was
observed for employment, this score is a poor score for biodiversity loss assessment in the study area.
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Figure 3. Employment variables AUC

Income Model

Our modelling algorithm showed that the income variables investigated in the study had no
influence on the levels of biodiversity (Table 4). Five (5) income levels, “5000”, “10000-20000”,
“40000-80000”, “80000-150000” and “150000-300000”, negatively influenced biodiversity with z-
values of -0.169, -0.538, -0.238, -1.022 and -0.26 respectively, while four (4) income levels, “No
Income”, “5000-10000”, “20000-40000” and “3000000-600000” positively influenced biodiversity.
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Table 4. Income Level variables

Variable ('000) Estimate Standard Error Z value P value
No Income 0.0002179 0.0015212 0.143 0.88
5 -0.0007527 0.0044467 -0.169 0.86
5-10 0.0017471 0.0019013 0.919 0.35
10-20 0.0010326 0.0019183 -0.538 0.59
20-40 0.0004397 0.0014327 0.307 0.75
40-80 -0.0005725 0.00241 -0.238 0.81
80-150 -0.0034547 0.0033817 -1.022 0.30
150-300 -0.0013008 0.0049947 -0.26 0.79
300-600 0.0100561 0.0084491 1.19 0.23
AlIC=74.545

Source: Author, 2025

With an AUC score of 0.6 for income levels in our modelling algorithm, it was concluded that income
variables did not have any significant impact on biodiversity loss in the study area (Figure 4).
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Figure 4. Income variables AUC

Pooled Model

All the social-economic variables in the overall model were insignificant (Figure 5).
Employment variables were insignificant in influencing biodiversity. The “Employed” positively
influenced biodiversity, while the unemployed and job seekers negatively influenced biodiversity. Only
three income levels affected biodiversity: “No Income”, “10000-20000” and “80000-150000” (Table
5). “Some primary” and “higher education” were the two variables that negatively affected
biodiversity.

Table 5. Combined model variables: Employment, Education and Income Levels

Variable Estimate Standard Error Z value P value
Employed 0.0013271 0.0016916 0.78 0.43
Unemployed -0.0004256 0.0024636 -0.17 0.86
Discouraged work-seeker -0.0010778 0.0032387 -0.33 0.73
Others not economically active -0.0029526 0.0015533 -1.90 0.05
No Income -0.0005283 0.0059019 -0.09 0.92
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5k 0.0027898 0.0092722 0.30 0.76
5-10k 0.0035607 0.0074885 0.63
10-20k -0.0020423 0.007471 -0.27 0.78
020-40k 0.0017877 0.0067718 0.26 0.79
40-80k 0.00026873 0.0067727 0.39 0.69
80-150k -0.0096403 0.0080541 -1.19 0.23
150-300k 0.0011744 0.0110546 0.10 0.91
300-600k 0.0062801 0.012062 0.52 0.60
No Schooling -0.0042502 0.0074557 -0.57 0.56
Some Primary 0.0057813 0.0091062 0.63 0.52
Completed Primary 0.0021523 0.0123244 0.17 0.86
Some Secondary -0.0059558 0.0081848 -0.72 0.46
Grade 12/ Standard 10 0.0075999 0.0091792 0.82 0.40
Higher -0.0008197 0.0085947 -0.09 0.92
Significant codes. 0 '***' 0.001'**! 0.01 ' 0.05'°"' 01'"'" 1
AIC =107.28

Source: Author, 2025

To test the accuracy of this model, the overall area under the curve receiver operating characteristic
accuracy curve (AUC-ROC curve) was generated (Figure 5). Because of the high accuracy level of the
AUC-ROC curve, it was concluded that there was a significant driver of biodiversity in the Vhembe
Biosphere. In our study, the performance of the model based on independent data sets was 0.85.
Based on the information used, 70% of the points were used for calibration, and 30% of the points
were used for validation. ROC at 0 indicates that the model is weak, and at 1 it indicates that the Model
is good. An AUC = 0.85 indicates high significant quantities of loss, which, in this case, indicates high
estimates of biodiversity loss (Figure 6).
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Figure 5. Combined model variables: Employment, Education and Income Levels AUC
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Figure 6. ROC Curve

DISCUSSION

Biodiversity loss is an intricate challenge that is influenced by a nexus of factors, including
socio-economic variables which no single solution can be approved to address [89], [90]. Education
levels of the population in a given biosphere are essential for the sustainable and equitable use of
biodiversity and its conservation [91], [92]. Our analysis established that “No schooling” was a
dominant variable negatively influencing biodiversity levels in our study area. This is a true reflection
of the assertion that was made in some circles that limited education can contribute to biodiversity
resource exploitation and loss in many ways [93]. For example, people lacking education may not truly
understand the importance of preserving biodiversity resources or even be aware of the
consequences of overexploitation of biodiversity resources as posited in some studies [94], [95], [96].
Moreover, the non-educated population people are most likely to engage in non-sustainable
practices, such as deforestation and biomass burning, because of basic knowledge and skill to engage
in sustainable biodiversity resource use practices, just as pointed out by [97] and [98]. Another stand-
alone variable like climate change has the potential to threaten biodiversity directly by influencing
biophysical variables that drive species spatial distribution and indirectly through social-economic
changes that influence land use and human behaviour [99], [100]. Furthermore, the study found that
“Some primary” contributed to biodiversity levels positively. This justifies the need for education and
the fact that higher levels of education are associated with better knowledge and awareness of
biodiversity resources and their importance [101], [102]. With more education levels, people have the
opportunity to understand the consequences of their actions on biodiversity resources and encourage
them to engage in sustainable management practices.

In the study, the results have established that income inequality contributes to the
unsustainable use of biodiversity resources and overexploitation as alluded to in some studies [103],
[104], where for example people with high incomes are likely to engage in unsustainable biodiversity
use practices like deforestation, overfishing, massive urban development because they have greater
access to resources to do so and may not likely be dependent on biodiversity for their livelihood [105].
This implies that wealthy individuals or corporations acquire land for intensive agriculture, mining, or
real estate development, leading to deforestation, habitat fragmentation, and the loss of wildlife.
Weaker families can face the situation when they use natural resources inadequately to satisfy their
needs, including gathering firewood, hunting, or engaging in unsustainable farming, which over time
may result in the destruction of the habitat and loss of biodiversity [103], [106]. In our research,
however, the levels of income were diverse and did not have a considerable impact on the assemblage
of biodiversity in the region.

Unemployment is also an important factor that affects the loss of biodiversity [107], [108].
Natural resources are often relied upon by people directly due to high unemployment. The hunting,
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fishing, and small-scale farming activities conducted in unsustainable forms can be burdensome to
wildlife and their natural habitats, thus causing a further decrease in biodiversity [109], [107], [110].
In this paper, the unemployed and economically inactive individuals were identified to negatively
affect the level of biodiversity in the Vhembe Biosphere Reserve. Unemployment is close to poverty
and income inequality, which in turn stimulates the excessive use of natural resources [111]. Biomass
burning and deforestation are some of the practices that economically inactive individuals can use to
fulfill their daily needs, which are also involved in habitat degradation and loss of biodiversity [112],
113].

Study Implications on Society, Economy and Biodiversity

Loss of biodiversity interferes with key ecosystem functions like water purification, nutrient
cycling, and pollination [3], [114], [115]. It also comes with economic price, such as reduced
agricultural production and increased costs of sustainability or recovery of the lost ecosystem services.
Social and cultural effects are also significant because, the loss of biodiversity can destroy the
traditional knowledge and long-term practices associated with the use of natural resources[116],
[117]. Healthy biodiversity on the other hand promotes sustainable development as ecological
underpinnings upon which communities depend are maintained. It is therefore crucial to know the
cause and effect of biodiversity loss. It offers the understanding of the impacts of human activities on
the ecosystems and assists in the formulation of efficient conservation and sustainability plans [118].

CONCLUSION

This paper explored the connection that exists between socio-economic status and the
conservation of the biodiversity in Vhembe Biosphere Reserve. The results indicate that socio-
economic determinants have a significant impact on defining the outcome of biodiversity, which
explains why conservation strategies that consider ecological and human realities are necessary. The
education, income, and employment levels became valuable predictors of biodiversity patterns. The
lack of education and high unemployment was associated with the expansion of biodiversity loss,
which means that economic stability and environmental consciousness play a vital role in contributing
the sustainable use of resources. Conversely, an increase in employment and income was more likely
to reduce the rate of decline in biodiversity. Even though this paper examined the socio-economic
drivers, past studies have indicated that there are other pressures like rural-urban expansion, mining
activities, natural resources extraction, invasion of species and climate change, which contribute
significantly to the loss of biodiversity. The Vhembe Biosphere case study has valuable lessons to local
communities, government agencies, policymakers, and conservation practitioners. It requires
collective actions to deal with socio-economic issues that promote the loss of biodiversity. Addressing
these root causes, the stakeholders can contribute to a more proportionate relations between people
and the environment, thus contributing to the long-term preservation of the biodiversity in the
Vhembe Biosphere and other areas of this sort.
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