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Abstract

The study of plant species diversity and vegetation structure in clay post-mining areas of Tuban, East Java, reveals significant insights into
ecological recovery and community dynamics. Method this research Field surveys, site mapping, and vegetation assessments were carried out
from the second week of July to the second week of August 2022. The climate of the region is classified as tropical monsoonal, with distinct dry
and wet seasons influencing vegetation dynamics. Result this finding the highest number of pole species is in SUM with 14 species while the
lowest number of pole species is in TED with 4 species. The highest number of pile species is located in the SUM location with 22 species and
the lowest number of pile species is located in the TED location with 4 species. For the seedling growth category, it tends to have more species,
this is because at 22 sampling times tend to have high rainfall, so the nursery category becomes more abundant. The highest number of seedling
species is located in SUG with 57 species while the lowest number of seedling species is located in TED with 28 species. Conclusion from the
entire area, it can be said that terrestrial flora has "LOW to HIGH DIVERSITY" (H'=0.80-3.83).

Keywords: Identification, Characreization, Flora, Clay mining, Cement factory.

INTRODUCTION

Post-mining landscapes are among the most ecologically
degraded ecosystems globally, characterized by significant
vegetation loss and soil disturbance that severely diminish
biodiversity and ecosystem functionality. Mining activities
lead to extensive environmental degradation, including soil
contamination and habitat destruction, which disrupts
ecological balance and adversely affects local (Prach, 2016).
Restoration efforts are critical yet challenging, as they must
address harsh physical and chemical soil properties while
promoting plant-soil feedbacks that enhance biodiversity
recover (Li et al, 2022). Effective rehabilitation strategies,
such as soil remediation, reforestation, and the use of native
species, are essential for restoring ecosystem services and
functionality (Tibbett, 2024) (Mufioz-Rojas et al., 2017).
Moreover, successful restoration requires a multidisciplinary
approach, integrating ecological, social, and regulatory
frameworks to ensure sustainable outcomes and community
resilience ("Revitalizing the Land: Ecosystem Restora...",
2024) (Tibbett, 2024). Ultimately, the complexity of post-
mining ecosystem reconstruction necessitates innovative and
adaptive management practices to achieve long-term
ecological recovery (Anawar et al., 2013). Post-mining areas
in tropical countries like Indonesia face significant challenges
due to their rich biodiversity and the pressures from industrial
activities, particularly cement production. Studies indicate that
effective reclamation practices can restore ecological functions
and enhance biodiversity, as demonstrated by the successful
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reclamation efforts at PT Indocement, where diverse flora and
fauna were observed alongside substantial carbon stock
recovery (Patria et al, 2025). Bird species, serving as
bioindicators, reflect the health of these ecosystems, with high
diversity indices noted in reclaimed areas, suggesting that
certain species thrive while others remain less abundant
(Syahputra et al, 2025). Furthermore, comprehensive
management strategies that integrate institutional frameworks
and community engagement are essential for sustainable post-
mining landscapes, emphasizing the need for a dual-pathway
approach that combines technical rehabilitation with social
empowerment (Siahaan et al., 2025). Overall, the restoration of
post-mining landscapes not only supports biodiversity but also
contributes to climate change mitigation and community
resilience (Pratiwi et al., 2021) (Kusumoarto et al., 2020).
Problem Statement (Spesifik: Tambang Tanah Liat)Clay
mining activities, particularly in cement industrial zones, lead
to substantial alterations in vegetation structure, soil properties,
and natural regeneration processes, resulting in simplified and
unstable  plant communities. Understanding  floristic
composition and vegetation structure in post-mining areas is
crucial for evaluating ecological recovery and succession
dynamics, as evidenced by various studies. For instance,
Garate-Quispe et al. found significant changes in floristic
composition and structure over 23 years in abandoned gold-
mining lands in Peru, highlighting a rapid recovery in tree
species density but slower recovery in species composition
(Garate-Quispe et al., 2024). Similarly, Riviera et al. noted that
restoration outcomes in Australian shrublands varied
significantly, influenced by management practices and
environmental factors, with adaptive management improving
recovery over time (Riviera et al., 2021). Nurtjahyani et al.
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observed distinct floristic compositions in different-aged tin-
mined lands in Indonesia, indicating that older sites had more
complex vegetation structures (Nurtjahyani et al, 2009).
Furthermore, Yuningsih et al. reported that post-coal mining
reclamation in Sumatra resulted in vegetation structures
resembling natural forests, albeit with lower biodiversity
(Yuningsih et al., 2021). Lastly, Mudrak et al. emphasized the
role of edaphic conditions in shaping vegetation dynamics in
mining landscapes, suggesting that anthropogenic factors
significantly influence succession (Mudrak et al, 2026).
Collectively, these studies underscore the importance of
understanding floristic and structural dynamics for effective
ecosystem restoration in post-mining

Previous studies on post-mining ecosystems have indeed
emphasized species diversity indices and vegetation
composition, often neglecting structural characteristics and
site-specific recovery patterns, particularly in tropical clay
mining areas. For instance, research in the kwongan vegetation
of Australia highlighted significant variability in restoration
outcomes, driven by factors such as age, fire, and seedling
planting, indicating that structural recovery can differ
markedly across sites (Riviera et al., 2021). Similarly, studies
in South Sumatra revealed that while pioneer species like
Melaleuca cajuputi and Eucalyptus cyclocarpum dominated
early stages, the overall community exhibited low diversity,
suggesting that structural recovery is often limited by the
dominance of a few species (Juniarto et al, 2025). In the
Peruvian Amazon, natural regeneration post-gold mining
showed rapid recovery of tree density but slow species
richness, emphasizing the need for a nuanced understanding of
structural dynamics over time (Legoas et al, 2024).
Furthermore, a study in Chhattisgarh, India, identified a
diverse array of species in limestone mines, underscoring the
importance of assessing both composition and structural
characteristics for effective ecological restoration (Maitry et
al., 2025). Thus, a comprehensive approach that includes
structural assessments alongside diversity indices is essential
for understanding recovery in these ecosystems.

Quantitative assessments of floristic diversity and vegetation
structure in post-mining landscapes, particularly in regions like
Tuban, are indeed limited. Research indicates that post-mining
areas can support diverse plant communities, with studies
revealing the presence of pioneer species that play crucial roles
in ecological restoration. For instance, in limestone mining
areas, species such as Lamium barbatum and Chromolena
odoratum were identified as dominant, showcasing their
potential for soil stabilization and habitat recovery (Andriani,
2019). Similarly, studies in coal mining reclamation
highlighted the dominance of Acacia auriculiformis, which,
while effective in initial recovery, can suppress indigenous
flora (Riswan et al., 2015). Furthermore, the importance of
management strategies, such as renaturation over recultivation,
has been emphasized to enhance biodiversity outcomes in
disturbed landscapes (Acosta, 2025). These findings
underscore the necessity for comprehensive studies in Tuban to
document and manage its unique post-mining ecological
dynamics effectively (Desiani, 2025)(Maitry et al., 2025). The
analysis of floristic composition and vegetation structure
across clay post-mining sites reveals significant insights into
ecological recovery patterns, particularly in cement industry
landscapes. Studies indicate that vegetation recovery can vary
widely, influenced by factors such as age, fire, and
management practices, with adaptive management showing

promise in enhancing restoration outcomes over time (Riviera
et al., 2021). In South Kalimantan, Indonesia, post-mining
reclamation efforts demonstrated substantial ecological
recovery, with increased biodiversity and carbon stocks,
particularly in clay plots, although these exhibited lower
carbon storage compared to other soil types (Patria et al,
2025). Additionally, research in Brazil highlighted the natural
regeneration of vegetation in abandoned mining sites,
suggesting a transition towards more advanced successional
stages, albeit with some invasive species hindering diversity
(Lima et al., 2020). Overall, effective management strategies,
including renaturation, are crucial for maximizing biodiversity
and ecological function in post-mining landscapes(Acosta,
2025).

The study of plant species diversity and vegetation structure in
clay post-mining areas of Tuban, East Java, reveals significant
insights into ecological recovery and community dynamics.
Research indicates that pioneer species, such as Lamium
barbatum and Chromolena odoratum, play a crucial role in
stabilizing soil and promoting biodiversity in post-mining
landscapes, as they are adapted to thrive in disturbed
environments (Andriani et al, 2019). Monitoring of
macrozoobenthos in these areas has shown a diverse aquatic
ecosystem, which contributes to the overall health of the
habitat, indicating a complex interplay between terrestrial and
aquatic systems (Oktafitria et al, 2024). Furthermore,
employing varied quadrat sizes for vegetation analysis has
demonstrated distinct patterns of species composition and
dominance, essential for understanding ecological succession
and informing rehabilitation efforts (Mulya & Agatha, 2025).
Overall, these findings underscore the importance of assessing
both plant and macrozoobenthic diversity to enhance
ecological restoration strategies in post-mining environments
(Fajri & Garsetiasih, 2019).

MATERIALS AND METHODS

Study Area

This study was conducted in post-mining areas of clay
extraction located within the operational region of PT Semen
Indonesia (Persero) Tbk, Tuban Plant, East Java, Indonesia.
Administratively, the study sites are situated in Kerek and
Merakurak Districts, Tuban Regency. The study area
represents a tropical post-mining landscape characterized by
varying stages of ecological disturbance and vegetation
recovery. Field surveys, site mapping, and vegetation
assessments were carried out from the second week of July to
the second week of August 2022. The climate of the region is
classified as tropical monsoonal, with distinct dry and wet
seasons influencing vegetation dynamics. The selected sites
included former clay mining areas distributed across several
villages, representing different environmental conditions and
post-disturbance recovery stages. The geographic coordinates
of each sampling location are presented in Table 1.

Study Site Mapping and Sampling Locations

The study locations were determined based on previous mining
activities and ecological representativeness. The sampling sites
specifically focused on clay mining areas, including Sugihan,
Tobo, Mliwang, and Kasiman villages. These areas were
selected to capture variations in vegetation structure and
recovery conditions following mining disturbance.
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Table 1. Geographic Coordinates of Study Sites in Clay Post-
Mining Areas

No Location Code Latitude (S) Longitude (E)  Mining Type
1 Sugihan  SUG  06°50.954' 111°56.898' Clay
2 Tobo TOB  06°49.790' 111°53.981" Clay
3 Mliwang MLI  06°49.447' 111°54.243' Clay
4 Kasiman KAS  06°49'21.90” 111°54'38.40" Clay

These sites were selected to ensure spatial consistency for
long-term biodiversity monitoring and to minimize variability
due to land-use changes.

Research Design

This study employed a field-based ecological survey using a
quantitative descriptive approach to assess vegetation
composition and structure in post-mining clay areas. The
research design focused on vegetation analysis to evaluate
biodiversity patterns and ecological conditions in disturbed
landscapes. The study was conducted as part of a continuous
environmental monitoring program, allowing for consistent
observation of vegetation dynamics over time.

Vegetation Sampling Design

Vegetation sampling was conducted using a quadrat method to
assess species composition and vegetation structure. Sampling
plots measuring 20 X 20 m were established systematically
across the study sites. Plot locations were selected randomly
within each site to ensure representativeness of the overall
vegetation condition. Each main plot was further subdivided
into smaller subplots to accommodate different vegetation
strata, allowing for detailed analysis of plant growth stages and
structural composition. Vegetation was classified into four
growth categories based on diameter and developmental stage:
tree, pole, sapling, and seedling. This classification enabled a
comprehensive assessment of vegetation regeneration and
succession processes.

Data Collection Procedures

Within each sampling plot, all plant species were identified
and recorded. For each individual plant, data were collected on
species name, diameter at breast height (DBH), and
abundance. Additional observations included plant height and
general morphological characteristics to support species
identification. Vegetation data collection followed standard
ecological survey protocols to ensure consistency and
comparability  across sampling sites. Environmental
observations, such as soil condition and disturbance level, were
also noted to support ecological interpretation.

Vegetation Classification and Variable Definition

Vegetation structure was categorized into four strata based on
plant size and growth stage. Trees were defined as woody
plants with a diameter at breast height (DBH) > 20 cm. Poles
were defined as young trees with a DBH ranging from 7 cm to
less than 20 cm. Saplings included smaller woody plants with a
DBH below 7 cm but with a height exceeding 1.5 m. Seedlings
were defined as young plants with a height below 1.5 m. This
classification allowed for the evaluation of regeneration
dynamics and vertical vegetation structure within the study
area.

Data Analysis

Vegetation data were analyzed to determine species
composition, dominance, and diversity. The Importance Value
Index (IVI) was calculated for each species based on relative
density, relative frequency, and relative dominance, providing
an integrated measure of species ecological importance.
Species diversity was quantified using the Shannon-Wiener
diversity index (H'), which reflects both species richness and
evenness within the community. Higher index values indicate
greater biodiversity and ecological stability. Comparative
analysis was conducted across different sites to identify
patterns of vegetation recovery and ecological variation in
post-mining landscapes. All statistical analyses were
performed using standard data processing tools to ensure
accuracy and reproducibility of results.

RESULTS

Condition of Terrestrial Flora Community

In general, the ecosystem in the mining area of PT Semen
Indonesia (Persero) Tbk Tuban factory is an artificial
ecosystem or has been degraded from the process of land
clearing and clearing. Related to these conditions, of course,
the biodiversity or biodiversity of existing flora and fauna is of
lower value when compared to a community or ecosystem that
has not undergone development. Observation of flora and
fauna was carried out in 8 locations (Figure 2), namely
Temandang Village (TED), Pongpongan Village (PON),
Sumberarum Village (SUM), Sugihan Village (SUG), Tobo
Village (TOB), Mliwang Village (MLI), Temaji Village (TEJ),
and Kasiman Village (KAS) which were affected by mining
activities. The Kasiman Village (KAS) area is an area affected
by clay mining activities to date and Temaji Village (TEJ) is a
mining plan area for clay and is currently still used as
agricultural land local residents. In this chapter and so on, the
writing of the observation location will use the acronym more.
The following are the complete coordinates of each plot at the
observation location (Table 1).

Table 2. Coordinates of the Location of the Biodiversity Study
Environmental Monitoring of the Flora and Fauna Community of
PT Semen Indonesia (Persero) Tbk Tuban Factory for the Period
of July December 2022 Geographical Position

No Lokasi Variabel Latitude (S)  Longitude (E)
1 Temandang (TED) Fl, Fa 06°52.434' 111°55.616'

2 Pongpongan (PON)  FI, Fa 06°52.741" 111°56.457'

3 Sumberarum (SUM)  Fl, Fa 06°52.704' 111°54.654'

4 Temaji (TEJ) Fl, Fa 6°48'10.60”  111°54'6.30"
5 Sugihan (SUG) Fl,Fa,P,B,N  06°50.954' 111°56.898'

6 Tobo (TOB) Fl,Fa,P,B,N  06°49.790' 111°53.981"

7 Mliwang (MLI) Fl,Fa,P,B,N  06°49.447' 111°54.243"

8 Kasiman (KAS) Fl, Fa 6°49'21.90”  111°54'38.40"

Description: Fl = Flora;Fa = Fauna;P = Plankton;B = Bentos;N = Nekton
Composition and Abundance of Species

Data on the composition and abundance of terrestrial flora
species at the mining study site of Temandang (TED);
Pongpongan (PON); Sumberarum (SUM); Sugihan 21 (SUG);
Tobo (TOB); Mliwang (MLI); Kasiman (KAS); and Temaji
(TEJ) can be seen in the following salts:
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Terrestrial Flora Growth Diagram
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The graph above shows that the highest number of tree species
is in the PON of 10 species while the lowest number of tree
species is in TED of 4 species. The highest number of pole
species is in SUM with 14 species while the lowest number of
pole species is in TED with 4 species. The highest number of
pile species is located in the SUM location with 22 species and
the lowest number of pile species is located in the TED
location with 4 species. For the seedling growth category, it
tends to have more species, this is because at 22 sampling
times tend to have high rainfall, so the nursery category
becomes more abundant. The highest number of seedling
species is located in SUG with 57 species while the lowest
number of seedling species is located in TED with 28 species.
There are 10 dominant plant types in each growth category in
all locations, which are as follows:

1. Tree growth categories consist of Samanea saman
(Trembesi), Paraserianthes falcataria (Sea sengon),
Swietenia mahagoni (Mahogany), Lannea coromandelica
(Bejaran), Senna siamea (Johar), Artocarpus camansi
(Kluwih), Azadirachta indica (Bamb), Musa paradisiaca
(Banana), Enterolobium cyclocarpum (Sengon buto), and
Tectona grandis (Teak).

2. Pole growth categories consist of Swietenia mahagoni
(Mahogany), Lannea coromandelica (Jaran), Senna siamea
(Johar), Paraserianthes falcataria (Sea sengon), Samanea
saman (Trembesi), Tectona grandis (Teak), Musa
paradisiaca (Banana), Artocarpus camansi (Kluwih),
Manilkara kauki (Sawo kecik), and Azadirachta indica
(Mimba).

3. The stake growth category consists of Musa paradisiaca
(Banana), Tectona grandis (Teak), Leucaena glauca
(Lamtoro), Manilkara kauki (Sawo kecik), Paraserianthes
falcataria (Sea sengon), Mangifera indica (Mango),

Swietenia mahagoni (Mahogan), Samanea saman
(Trembesi), Senna siamea (Johar), and Artocarpus camansi
(Kluwih).

4. Seedling growth category consists of Cynodon dactylon
(Grinting grass), Chromolaena odorata (Grass), Tridax
procumbens (Gletang), Cyperus rotundus (Grass Grass),
Pennisetum purpureum (Elephant grass), Chrysopogon
aciculatus (Needle grass), Digitaria sanguinalis (Grass),
Eleusine indica (Grass), Imperata cylindrica (Reed), and
Chloris barbata (Rocking flower grass),

DISCUSSION

The results of this study demonstrate that vegetation in clay
post-mining areas is characterized by relatively low tree
diversity but high abundance of intermediate growth stages,
particularly pole-level vegetation.

The studied ecosystems are indeed in a secondary succession
phase, characterized by ongoing vegetation recovery that has
not yet achieved a stable or mature ecological state. Research
indicates that during secondary succession, species richness
and diversity often fluctuate, typically peaking at intermediate
stages before declining, as observed in various ecosystems,
including grasslands and tropical forests (Stadler et al,
2025) (Sun et al., 2017). For instance, in Mizoram, India, the
recovery of tree and shrub species showed significant increases
over 25 vyears, although herbaceous species declined,
highlighting the complexity of recovery dynamics (Sahoo,
n.d.). Similarly, in Venezuelan montane rainforests, species
diversity and structural complexity increased with age, yet
secondary forests remained distinct from mature forests,
suggesting a prolonged recovery process (Howorth & Pendry,
2006). These findings collectively underscore that while
ecosystems are progressing through secondary succession, they
often exhibit transient states rather than reaching a stable
climax community (Pignatti & Pignatti, 2014).

The dominance of pole-stage vegetation over trees and
seedlings in post-disturbance ecosystems indicates a
transitional phase characterized by specific ecological
dynamics. Following disturbances such as fire or wind throw,
early-successional species, including herbs and shrubs, often
proliferate due to their rapid growth and colonization abilities,
leading to a temporary imbalance in vegetation structure where
these species outnumber trees and seedlings (Bonan,
n.d.) (Swanson et al, 2011). This phenomenon reflects the
ecological memory and legacies left by previous vegetation,
which influence recovery trajectories and species composition
(Johnstone et al., 2016). For instance, in a study of a pine-oak
forest, areas affected by fire exhibited lower diversity and a
predominance of early-successional species, highlighting the
impact of disturbance severity on vegetation dynamics
(Angeles et al., 2022). Over time, as these early dominants
decline, slower-growing, longer-lived tree species gradually
establish, restoring a more balanced ecosystem structure
(Schulze et al., 2005). Thus, the observed dominance of pole-
stage vegetation underscores the complex interplay of
disturbance, succession, and ecological resilience in shaping
forest ecosystems. The presence of seedlings and saplings
across the study sites indicates active natural regeneration
processes, although their relatively lower abundance may limit
long-term ecosystem recovery.

Similar patterns of vegetation recovery in post-mining
ecosystems have been observed across various studies,
highlighting the dominance of early and intermediate
successional stages due to environmental constraints and soil
degradation. For instance, in the Peruvian Amazon, abandoned
gold mining sites showed a slow natural regeneration process,
with pioneer species like Ochroma pyramidale and Cecropia
engleriana dominating early stages, comprising 63% of species
in the first few years (Legoas et al, 2024). In Eastern
Germany, extensive research on post-mining landscapes
revealed that primary succession is significantly influenced by
abiotic factors, with vegetation recovery being documented
over two decades (Jinger et al., 2012). Similarly, in Western
Australia, bauxite mining rehabilitation demonstrated that
while native species richness increased with seeding, the
overall composition remained distinct from unmined forests,
indicating a unique successional trajectory (Norman et al.,
2006). Furthermore, a global review emphasized that post-
mining sites generally recover faster than other primary
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succession areas, with various factors such as soil conditions.
However, the lower tree diversity observed in this study
compared to natural forest ecosystems highlights the
incomplete recovery of vegetation structure in clay mining
landscapes.

The establishment of late-successional species in ecosystems is
often hindered by altered soil properties, nutrient limitations,
and ongoing anthropogenic disturbances. For instance, studies
indicate that agricultural practices significantly degrade soil
quality, leading to reduced nutrient availability and altered soil
structure, which restricts the recovery of native vegetation in
post-agricultural landscapes (Tikhonova et al, 2025).
Similarly, in the campo rupestre grasslands, gravel extraction
resulted in soils with lower nutrient concentrations and a
predominance of non-target species in the seed bank, severely
limiting the recovery of native plant communities (Stradic et
al., 2018). In subtropical forests, persistent anthropogenic
disturbances have been shown to complicate the interplay
between vegetation and soil, further exacerbating nutrient
limitations and affecting species diversity during recovery
(Huang et al., 2018). Additionally, in the Central Himalayas,
factors such as fire and grazing have been identified as
significant barriers to the natural progression towards late-
successional oak communities, illustrating how human
activities can disrupt ecological

Ecological succession theory posits that ecosystems recover
from disturbances through a series of predictable stages
influenced by environmental conditions and species
interactions. This process begins with pioneer species that are
resilient to harsh conditions, gradually transitioning to a more
diverse and competitive community as conditions stabilize
(Shugart, 2024) (Lohnes, 2022). For instance, in seagrass
ecosystems, recovery involves distinct seral stages where
colonizing species facilitate the establishment of later
successional species through mechanisms like sediment
stabilization ("Seagrass resilience: Exploring recovery...",
2024). Additionally, disturbances can lead to shifts in
community dynamics, where species interactions and
functional trade-offs play critical roles in recovery(Kang et al.,
2024). The biodiversity of landscapes often peaks at
intermediate disturbance levels, highlighting the complex
interplay between disturbance, species composition, and
ecosystem resilience (Shugart, 2024) (Kang et al., 2024). Thus,
understanding these dynamics is essential for -effective
ecosystem management and restoration efforts.
Therefore, this study provides important insights into
vegetation recovery patterns in clay post-mining areas and
highlights the need for targeted restoration strategies to
accelerate biodiversity recovery in industrial landscapes.

The absence of soil and microclimatic analyses in studies of
vegetation succession in post-mining ecosystems limits the
understanding of the complex interactions that drive these
processes. Research indicates that abiotic factors, such as soil
properties and microclimatic conditions, significantly influence
plant community dynamics and succession. For instance,
studies have shown that soil quality, including organic matter
content and pH, affects species composition and richness in
restored mining sites (Alday, 2011) ((Freitas, 2013)
Additionally, microclimatic variations, such as moisture and
temperature gradients, can lead to distinct vegetation
communities, as observed in abandoned quarries(Stephan &
Hubbart, 2022). The integration of these factors is crucial, as

they not only shape the immediate vegetation response but also
influence long-term ecological recovery and sustainability in
disturbed landscapes (Wlodarczyk et al., 2025) (Radosz et al.,
2024). Future research should prioritize these analyses to
enhance restoration strategies and ecological understanding in
post-mining environments.

Conclusion

The diversity index (H') of flora for the highest tree growth
category is located in TOB (H'=1.68); pile growth is located in
TEJ (H'=2.49); pile growth is located in SUM (H'=2.66); and
seedling growth is located in TEJ (H'=3.83). From the entire
area, it can be said that terrestrial flora has "LOW to HIGH
DIVERSITY" (H'=0.80-3.83).
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