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Abstract. Graha P, Kusrini MD, Syartinilia, Triantoro RGN. 2024. Spatial modeling of the use probability for Pig-nosed turtles
(Carettochelys insculpta) in South Papua, Indonesia. Biodiversitas 25: 3246-3253. The uncontrolled use of natural resources can
threaten species' survival and negatively impact ecosystems, potentially affecting the economy and its service to humans. One species
that requires attention is the Pig-nosed turtle (Carettochelys insculpta Ramsay, 1886), the sole surviving member of the Carettochelyidae
family and is only found in rivers of southern New Guinea and the northern regions of Australia. Pig-nosed turtles have been harvested
intensively in Papua for their eggs and are considered vulnerable based on the International Union for Conservation of Nature red list
assessment. Developing a spatial distribution model to determine the probability of use of C. insculpta priority areas is crucial to
safeguard the essential areas necessary for its life cycle. This research utilized the Ecological Niche Modeling at The Metaland
EcologyLab to assess use probability and identify potential conservation risks. Results of the probability of use model analysis in South
Papua Province revealed that the region with the highest use probability of C. insculpta is Boven Digoel District, accounting for a
significant land area of 496,019.61 hectares. In comparison, moderate use was noted in Asmat District, encompassing 921,830.76
hectares, whereas low use was recorded in the same district, covering 695,466.10 hectares. The use probability was influenced by
multiple factors, with the most significant contributions stemming from the occurrence of water (41%), distance from the settlement

(21%), distance from road (14%), land cover (13%), river density (6%), and slope (5%).
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INTRODUCTION

The Pig-nosed turtle, Carettochelys insculpta Ramsay,
1886, is a unique species. It was first identified in 1886 by
Australian zoologist Edward Pierson Ramsay, with the
initial specimen collected in Strickland River, a tributary of
the Fly River located in Papua New Guinea (Ramsay
1887). This species is the only surviving member of the
Carettochelyidae family, making it a significant part of the
ecosystem (Joyce 2014). The C. insculpta is a Cryptodira,
or hidden neck, suborder of the Carretoch elyidae family,
and according to the cladogram of extant turtle family
members, it is the oldest living species, from 200 million to
150 million BC (Vitt and Caldwell 2014). In Papua,
Indonesia, C. insculpta is not as famous as sea turtles but
holds significant cultural value and contributes
significantly to human sustenance. In the vicinity of
Vriendschap River, Asmat District, South Papua Province,
Indonesia, C. insculpta is even used as part of dowries,
underscoring their deep cultural significance in local
communities (Triantoro et al. 2017). For centuries, these
turtles have served as a food source for local populations,
providing eggs and meat in several regions across Papua,
Indonesia (Eisemberg et al. 2018). However, the C.
insculpta population is under increasing pressure due to
habitat degradation and climate change, with commercial

exploitation being a primary threat (Burgess and Lilley
2014; Samedi 2000). These threats underline the urgent
need for conservation efforts.

The Pig-nosed turtle is a protected and endangered
species in Indonesia, and it is also included in CITES
Appendix Il (Eisemberg et al. 2018; Indonesian
Government 2018). Human use, specifically illegal trade, is
the biggest threat to C. insculpta in Indonesia. The species
is in high demand for exotic pets, food markets, and
traditional healing practices, leading to intensive
exploitation in Papua. From 2013 to 2020, there were 20
reported illegal cases (Shepherd et al. 2020). Indonesian
export data from 2000 to 2015 showed that individuals
bred in captivity were sold as pets for prices ranging from
$100 to $300 in the Japanese market and $100 to $500 in
the U.S. market (Andersen et al. 2021). The high economic
value of C. insculpta has led to illegal trade with significant
negative impacts. Although the Indonesian Government
has implemented a limited quota system for the use of wild
eggs (Indonesian Government 2022), this only applies to
the Asmat District. Legal breeding is only available in
Asmat, so C. insculpta from Boven Digoel District and
other areas in South Papua Province is considered illegal
and may be sold to unregistered companies. However, this
trade benefits the local communities economically (Kusrini
et al. 2024).
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In a time characterized by growing human influence on
the environment, securing ecological stability is vital for
sustainable development and has garnered global attention
(Liu et al. 2022). Understanding the interaction between
human activities and wildlife is crucial for effective
conservation strategies and management (Marsh et al.
2022; Bramorska et al. 2024). This research delved into the
potential and relevance of socio-economic factors in
modeling species distribution, explicitly focusing on their
impact on the habitat of C. insculpta in South Papua
Province, Indonesia. A more comprehensive approach to
species distribution modeling, integrating human socio-
economic dynamics, can significantly enhance our
understanding of the factors influencing biodiversity
(Bramorska et al. 2024). Monitoring its intensive harvest is
crucial to maintaining and protecting the vital feeding and
nesting areas of C. insculpta. These areas shift based on
food availability and environmental degradation
(Eisemberg et al. 2015). This underscores the importance
of sustainable development and the need to model the
distribution of use probabilities, a practical implication of
our research. Involving communities in conservation
program planning is also essential, ensuring their needs and
interests are accommodated. By fostering strong
partnerships among communities, governments, and
conservation organizations, long-term solutions can be
created to protect and manage priorities sustainably (van
Zinnicqg Bergmann et al. 2022). The analysis results using
probability modeling and identification of conservation
risks can develop effective conservation strategies for
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managing C. insculpta areas and encourage the sustainable
use of natural resources. These strategies promise to
improve the local area's welfare, instilling a sense of hope
and optimism in the local stakeholders.

MATERIALS AND METHODS

Study area

According to Eisemberg et al. (2018), C. insculpta
primarily inhabits rivers, including deltas, estuaries, grassy
lagoons, swamps, and lakes, in the southern lowlands of
New Guinea, spanning from Papua Indonesia to Papua
New Guinea. To model this species' probability of use, we
focused study area in South Papua Province, with a buffer
zone of 4 km from the river bank (Figure 1).

Procedures
Data collection and preprocessing

The species use probability model relies on two main
types of data: response variable data, which consists of C.
insculpta egg use points, and environmental variable data
(Table 1). Response variable data were collected through
research conducted in Boven Digoel District, South Papua
Province, in 2022 and 2023, and Asmat District, South
Papua Province, in 2011 and 2012. This model used 720
use points of C. insculpta eggs, providing latitude-
longitude coordinates in decimal degrees based on the 1984
World Geodetic System data.
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Figure 1. Location of the buffer zone for the spatial modeling of the use probability for Carettochelys insculpta in South Papua

Province, Indonesia
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Table 1. Response variable and environmental variables affecting the use probability model of Carettochelys insculpta in South Papua

Province, Indonesia

Data Data source Data type
C. insculpta egg use points ~ Data 2011 and 2012 (Triantoro 2012), data 2022 (Kusrini et al. 2024), observation data Point
for 2023
Occurrence water Global Surface Water, dataset 1984-2021 (Pekel et al. 2016), Url: https://global-surface- Raster
water.appspot.com/download
River density Indonesia's Earth Shape in 2022 Vector
Distance from river to Indonesia's Earth Shape in 2022 Vector
settlement
Distance from river to road  Indonesia's Earth Shape in 2022 Vector
Land cover Land Cover in 2022, Indonesian Ministry of Environment and Forestry Vector
Slope SRTM 1 Arc-Second Global, URL: https://earthexplorer.usgs.gov Raster
Preprocessing Processing Postprocessing
- Ly - < >
Occurrence Pseudo-
Carettochelys insculpta egg thining absences Algorithms: Probability output
use points I I 1. Generalized Linear Model
'Lr 2. Boosted Regression Tree
: < —» Model evaluation » Ensemble
T T 3. Random Forest
4, Support Vector Machine
Environmental variable data Colltiggtariw Data partition 5. Maximum Entropy Evaluation metrics

Figure 2. The research flowchart of the species uses probability-model analysis

This research models the probability of species using a
direct analytical approach that avoids preconceived
assumptions about data distribution (Wikle 2015). This
research utilizes data on environmental variables such as
the presence of water to conduct a comprehensive analysis
and compile various aspects of human-animal interactions,
measured through surface water occurrence, quantifying
the frequency of water presence on the surface over 38
years (from March 1984 to December 2021), normalized
for seasonal variations, and visually represented to show
areas of permanent and occasional water occurrence (Pekel
et al. 2016). Besides that, there were river density,
Euclidean distance from river to settlement, and Euclidean
distance from river to road, land cover, and slope were also
observed. Before analysis, environmental variable data
were preprocessed into necessary variables using ArcGIS
software and obtained at a spatial resolution of 50 m
(=1.627 arcsec).

Data analysis
Species use probability-model analysis

This research utilized the Ecological Niche Modeling at
the Metaland Ecology Lab (ENMTML) package to analyze
the species using a probability model. Developed by the
Laboratory of Prof. Paulo De Marco at Universidade
Federal de Goias, Brazil, ENMTML is a comprehensive R
package that simplifies the complexity of ENM
methodology into a single function. The primary function
of ENMTML includes several arguments that users must
specify according to their modeling needs. Detailed
information about this function can be found at the

following link: https://andrefaa.github.io/ENMTML.With
ENMTML, users can easily adjust, project, evaluate
models and present results. The package also offers a range
of alternatives for different methodological steps, such as
variable collinearity control, bias control, and accessible
region restrictions. ENMTML allows users to handle
overprediction, create model ensembles, and project to
different time/spatial periods (De Andrade et al. 2020).

The ENMTML package and analysis process consists
of three main stages: preprocessing, processing, and
postprocessing (Figure 2). During data preprocessing,
response variables with <10 events are excluded from the
analysis to ensure the required model accuracy for the
sample size (van Proosdij et al. 2016). Thereafter, an event
thinning analysis is conducted using the Cellsize method in
the spThin ENMTML package to reduce autocorrelation
and possible sampling bias by maintaining unique cells in a
grid that are twice the size of the original cells (Velazco et
al. 2019). Collinearity between environmental variables is
analyzed by a Pearson correlation test with a threshold of
0.7 (De Marco and No6brega 2018). In the research on
pseudo-absences and background points, a random method
is used to allocate pseudo-absences throughout the area
used for model fitting (Leroy 2023). A data set is necessary
whose datasets are independent of the events used to fit the
model to evaluate the ideal model. Event data were divided
into two parts for model calibration and testing. The dataset
is divided into a selected number of folds, and at each run,
the model is fitted using k-1 folds and evaluated on the
remaining folds. This robust and thorough evaluation
process is repeated for all folds, and the results are
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combined to assess overall model performance (De
Andrade et al. 2020). Predictions were generated based on
the level of conformity of the survey results' use of data
points with a probability model using accuracy measures
(Aradjo et al. 2019). The K-fold method with five folds
was used in this research for model evaluation (Jung and
Hu 2015).

During processing, the algorithm fine-tunes the model
and generates a suitability map. This research utilized 5 of
13 available algorithms for model fitting, namely,
Generalized Linear Model (GLM) (Agresti 2015), boosted
regression tree (BRT) (Yu et al. 2020), Random Forest
(RDF) (Simon et al. 2023), Support Vector Machine
(SVM) (Ara et al. 2021), and default feature maximum
entropy (MXD) (Phillips et al. 2017). The research also
employed an ensemble model, combining multiple
algorithms to enhance prediction performance and stability.
Therefore, to create a binary map, the ensemble method
used a principal component analysis basis with an above-
average sensitivity and specificity threshold, returning the
eigenvalue of the first principal component. The research
model utilized the threshold at which the sum of sensitivity
and specificity is at its maximum (Norberg et al. 2019).

During postprocessing, suitability maps produced by
several algorithms underwent evaluation through a
comprehensive set of five distinct metrics: Area Under the
Curve (AUC), True Skill Statistics (TSS), x, Jaccard and
Sorensen. The outcomes of this evaluation represent the
mean and standard deviation of the partial model.
Postprocessing also involves the creation of binary maps
utilizing five varying thresholds and five unique methods
for generating ensemble models. These features are
conveniently organized within a single function available
through the R package ENMTML (De Andrade et al.
2020). The quantile distribution (Q) was employed using
the ArcGIS application, resulting in three classes to classify
the probability values. Quantile classification is a method
that categorizes data distribution by weighing the distances
of each observation component from the quantile in
question (Hennig and Viroli 2016). The first class (low) is
either 0 or Q1, the second class (medium) is >Q1 to Q2,
and the third class (high) is >Q2 to 1.

Identification of species conservation risks

Identifying  species conservation risks involves
analyzing species' probability of use, its response to
environmental factors, and the contribution of each
variable. A statistical zonal analysis was conducted using
ArcGIS to determine species conservation risks based on
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the use of probability model analysis. The stage yielded
various summary statistics for each reference zone,
including the mean of the data attributes, the size of data
dispersion, the minimum and maximum values of the data
attributes, the total number of data attributes, the number of
data entities used in the calculation, and the most common
(majority) and rare (minority). These statistical results are
presented in a tabular format, allowing a better
understanding of how data attributes vary across different
areas (Yan et al. 2020).

RESULTS AND DISCUSSION

Carettochelys insculpta uses probability model analysis

A Pearson correlation test with a threshold of 0.7 was
conducted to assess the collinearity among environmental
variables. Results showed no collinearity among the
variables. The C. insculpta use probability model was
evaluated for performance using five discrimination
metrics (Table 2).

According to the probability model for using C.
insculpta, the RDF algorithm yields the most favorable
outcomes compared to other algorithms, including
ensembles (Table 2). Results indicated that the RDF
algorithm surpassed others in terms of the Sorensen value.
Hence, the research opted to use the RDF algorithm to
model the use of C. insculpta, which produced a binary
map depicting their probability of use.

Figure 3 displays the outcomes of the RDF model and
the distribution of low (no use occurs) to high (use occurs)
probabilities of use for each South Papua Province district.
Table 3 summarizes the results of the calculation for the
probability of use of C. insculpta in each district of South
Papua Province.

Table 2. Results of the use of probability model analysis of
Carettochelys insculpta based on various algorithms

Algorithm AUC K TSS  Jaccard Sorensen
BRT 1.00 096 0.96 0.96 0.98
GLM 098 089 0.89 0.89 0.94
MXD 099 095 0.95 0.95 0.98
Ensemble 1.00 097 097 0.97 0.98
RDF 1.00 097 097 0.97 0.99
SVM 099 094 0.94 0.94 0.97

Table 3. Spatial area of the RDF model for the use probability for Carettochelys insculpta in various districts of South Papua Province,

Indonesia
District

E?fh';ﬂgggtl)ability Asmat Boven Digoel Mappi Merauke

Hectare % Hectare % Hectare % Hectare %
Low 695,466.10 34 78,626.53 6 303,711.07 28 201,369.94 23
Moderate 921,830.76 44 698,603.91 55 508,411.58 46 431,780.00 50
High 459,706.51 22 496,019.61 39 290,205.73 26 238,418.10 27
Total area model 2,077,003.37 100 1,273,250.05 100 1,102,328.38 100 871,568.04 100
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Table 4. Variable importance for the use probability for Carettochelys insculpta based on various algorithms

Contribution (%)

Environmental variable

BRT MXD GLM RDF SVM Ensemble
Distance from road 8 18 15 14 20 15
Distance from settlement 6 16 22 21 23 18
River density 5 3 5 6 3 4
Slope 0 7 9 5 8 6
Land cover 1 22 4 13 15 11
Occurrence water 80 34 45 41 31 46

Table 5. Characteristics of environmental variables based on various probability of use classes by Carettochelys insculpta in South

Papua Province, Indonesia

Euclidean Euclidean

River

E)?'t:h?OdEI distance from distance from density Slope (%0) Land cover c\:f;; rrr(e[%e
- road (km) settlement (km) (km/km?)
probability - - — — — -
X X X X Majority X
Low 6.46 11.73 1.03 4.85 Primary swamp forest 0
Moderate 7.53 14.65 1.50 6.36 Primary dryland forest 0
High 9.31 21.29 1.72 6.09 Primary dryland forest 10.64
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Figure 3. RDF model for the use probability for Carettochelys insculpta in South Papua Province, Indonesia

Table 3, the region with the highest C. insculpta
probability of use in South Papua Province is Boven Digoel
District, accounting for a significant land area of
496,019.61 hectares. In comparison, moderate use was
noted in Asmat District, encompassing 921,830.76

hectares, whereas low use is recorded in the same district,
covering 695,466.10 hectares. The graphical representation
of the use concentration for each of these categories in
every district is illustrated in Figure 3.
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Identification of species conservation risks

Various environmental factors influence the probability
of using C. insculpta in South Papua Province, as analyzed
using models based on the RDF algorithm (Table 4). Of
these factors, the occurrence of water had the highest
impact at 41%, followed by distance from the settlement at
21%, distance from the road at 14%, land cover at 13%,
river density at 6%, and slope at 5%.

Table 5 provides information on the characteristics of
environmental variables based on various probability
classes by C. insculpta in South Papua Province. The
characteristics of environmental variables for the use model
were derived from the results of zonal analysis comparing
the use model with various environmental variables utilized
in the research.

Research areas with a high probability of use exhibited
distinct environmental characteristics. These characteristics
included being located further away from roads and
settlements (with a mean distance of 9.31 km and 21.29
km) and having a higher density of rivers (with a mean of
1.72 km/km?). These areas had a flat slope classification
(0%-8%), with a mean value of 6.09%. Most of the land
cover was primary dryland forest, and the frequency of
surface water presence was also relatively high, with an
overall mean of 10.64%.

Discussion

Key spatial factors influencing the use of C. insculpta
in environmental modeling include water availability, river
density, proximity to settlements and roads, land cover, and
terrain slope. Water availability is a critical biological
factor for C. insculpta as it is predominantly aquatic.
However, it also facilitates human access to the species.
Pekel et al. (2016) noted that a value of 100% indicates an
area is constantly inundated with water. Eisemberg et al.
(2011), in their research in Papua New Guinea, reported
that a combination of flooding and human egg harvesting
resulted in a 92% loss of C. insculpta nests.

Except for water availability, other factors mentioned
beforehand align with Bennett and Robinson's (2000)
framework on determinants of the sustainability of hunting
or wildlife use in a given region, which may have
independent or cumulative effects. The primary factors that
influence the sustainability of hunting or use can be
classified into five main categories, including physical and
geographical factors (i.e., distance from source areas and
affordability), biological factors (i.e., biological production
and susceptibility to harvest), social factors (i.e., human
settlement and migration patterns), cultural and religious
factors (i.e., hunting practices and technology), and
economic factors (i.e., commercialization of animal
harvesters, market value for animals, and income of hunters
and consumers). In the research on human-animal
interactions, various environmental factors are considered,
including accessibility as determined by distance from road
and river density. Burgess and Lilley (2014) found that
water transportation and increased motorboat use intensify
the use of C. insculpta. Other factors included distance
from the settlement, which reflects the level of human
interaction, social activities, and land slope, affecting the
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carrying capacity and accessibility. Land cover is also
considered for its impact on ecological sustainability,
agricultural productivity, and the types of human activities
possible in the area. Lastly, the occurrence of water
describes the condition of water in the area and its impact
on accessibility.

Accurately assessing the probability of use and
identifying potential threats to the conservation of C.
insculpta is essential to maintain the sustainability of its
lifecycle within and beyond protected areas. This research
evaluated the use of probabilities, environmental variables,
and characteristics that contribute to the use of C. insculpta
in  South Papua Province. The research proposed
simplifying the complexity of ENM methodology into a
single function called ENMTML package that adjusts,
projects, evaluates models, and presents model results (De
Andrade et al. 2020). The use probability model of C.
insculpta in research using the RDF algorithm yielded
better  results than other algorithms regarding
discrimination metrics. The RDF algorithm produced an
AUC of 1.00, k of 0.97, TSS of 0.97, Jaccard of 0.97, and
Sorensen of 0.99. Evaluation of model results using the
RDF algorithm indicated good predictive performance,
with all five discrimination values exceeding 0.5. A value
near one accurately reflects the model's ability to estimate
species prevalence based on the modeled species
distribution (Burkov 2019). Although the ensemble
algorithm and the RDF algorithm have equal AUC, «, TSS,
and Jaccard values, the ensemble algorithm has a lower
Sorensen index score. Leroy et al. (2018) suggested that the
Sorensen discrimination metric is more suitable for
assessing a model's ability to accurately classify the
presence and absence of existence, as it is not affected by
prevalence. RDF is an effective machine learning algorithm
because it reduces variance (or overfitting) without
impacting biased distributed data and different
nonhomogeneous variables (Burkov 2019).

This research revealed that the probability of the high
use of C. insculpta (Pig-nosed turtle) eggs in South Papua
Province is influenced by several environmental factors.
The three most significant factors were the presence of
surface water, distance from human settlements, and
proximity to roads. The presence of surface water was
assessed based on data from 1984-2021, which recorded
how frequently water appeared on the surface each month
(Pekel et al. 2016). The study found that areas with an
average surface water presence probability of 10.64% had a
higher likelihood of being used by turtles. The Pig-nosed
turtle's survival is closely tied to water availability, with
males and juveniles being mostly aquatic, while mature
females migrate to riverbanks and sandy areas during
nesting seasons (Eisemberg et al. 2011; Burgess and Lilley
2014). Therefore, the year-round availability of surface
water is essential for the species’ survival, particularly for
successful reproduction and egg-laying.

Local communities have turned to hunting the species'
eggs as a significant source of income (Triantoro et al.
2017), although it contributes to the decline of this already
endangered species. The distance from settlements and
roads was found to influence the likelihood of egg
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harvesting, with shorter distances increasing the probability
of harvest. Although harvesting in remote areas during
nesting seasons involves traveling by motorized boats and
using temporary bivouacs (huts) (Triantoro et al. 2017), the
further the harvesting area is from settlements, the higher
the associated costs. Additionally, watersheds near
settlements face more significant pressure from human
activities, which can lead to increased pollution and habitat
alteration.

According to Kusrini et al. (2024), the traditional
ownership of C. insculpta breeding areas in Boven Digoel
District has provided economic benefits for the local
community and holds promise for future prosperity.
Kusrini et al. (2024) noted that the number of C. insculpta
eggs harvested during the breeding season remained
consistent, averaging 69,000 eggs per season, except during
the coronavirus disease 2019 pandemic from 2020 to 2021.
Breeding activities in Boven Digoel District are not yet
officially recognized by law. The estimated number of eggs
harvested in Kao River (Boven Digoel District) exceeds the
recommended national quota. The gap between the quota
and the natural egg population has led to continued illegal
egg harvesting and the trade of C. insculpta hatchlings. The
Indonesian Government is taking steps to protect and
prevent the extinction of C. insculpta from overexploitation
by designating them as hunted animals (Indonesian
Government 2021). Eggs can be harvested from the wild
for ranching through strict quota systems. Currently, legal
ranching is given to CV. Alam Nusantara in Mimika
District, Central Papua Province, for 10,000 eggs. Half of
the quota (50%) can be exported, but the remaining 50%
must be released back into their natural habitat (Indonesian
Government 2022).

The importance of establishing egg farming areas in
other districts highlights the high probability of use of C.
insculpta, especially in Boven Digoel District, followed by
Asmat, Mappi, and Merauke Districts. Although quota
allocation and breeding efforts are focused solely on Asmat
District, the widespread probability of use suggests that this
issue transcends administrative boundaries. Although
Mappi and Merauke Districts have not been significantly
affected like Boven Digoel and Asmat, it is crucial to
emphasize the need for monitoring and appropriate
preventive measures in these districts to prevent a decline
in the C. insculpta population. Therefore, to reduce
overexploitation and protect wildlife populations, egg
ranching locations must be facilitated in various districts of
South Papua Province. Egg ranching will have several
benefits, including the ability to adjust egg collection
intensity, implement proper monitoring and control
(Siroski et al. 2024), diversify conservation sites to mitigate
the risk of failure in any one area, and empower local
communities by creating economic incentives to protect
wildlife and their habitats.

According to the IPBES (2022) report on reptiles,
ranching programs are highly effective methods for
sustainable use. These programs improve the survival rates
of harvested eggs and offer incentives for indigenous
peoples and local communities to preserve the entire
managed ecosystem. However, successful implementation
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necessitates supporting approaches such as incentives, a
robust legal framework including governmental support for
producer groups, trade and processing, market access,
premium pricing through certification, tax breaks, and
outreach and education on pertinent policies and
regulations related to use. Therefore, practitioners and
policymakers may wish to consider the practical
implications of these findings in their efforts to balance
species utilization and environmental protection.

Effective strategies can be developed to protect C.
insculpta and support regional management by identifying
conservation risks and using probability models. This is
important for the welfare of local areas, maintaining
biodiversity, and encouraging environmental sustainability.
Protecting threatened species helps prevent ecological
disruption and preserve genetic resources for future
generations (Ceballos et al. 2017). It is our collective
responsibility to take action, ensuring the survival of this
unique and valuable species, with our contributions playing
a key role in its protection.
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