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Abstract

Captive breeding of Rusa timorensis is one of the conservation efforts aimed at maintaining a balance
between conservation and sustainable utilization. To effectively manage this balance, it is crucial to
establish a utilization level that does not compromise the population's viability, which requires a thorough
understanding of its demographic parameters. Furthermore, the sustainability of the breeding program
itself is contingent upon its financial feasibility. This study aims to estimate demographic parameters,
determine sustainable harvest quotas, and assess the financial feasibility of deer breeding in the Dramaga
Research Forest, Indonesia. Methods included logbook analysis, observation, literature review, and
interviews. Results show that the sustainable harvest quota under the intensive breeding system is 10
Rusa timorensis over the 2019-2023 period. The financial analysis demonstrates strong economic
viability, with a Net Present Value of IDR 643 million at a 10% discount rate. The project demonstrated a
Benefit-Cost Ratio exceeding 1, an Internal Rate of Return reaching 54%, and a rapid Payback Period of
only 1.68 years. These findings suggest that intensive breeding can support both conservation objectives
and economic profitability. Efficient management remains essential to ensure population sustainability
and optimize benefits.
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1. Introduction

Wildlife captive breeding is one of the key strategies to maintain a balance between
conservation efforts and the sustainable use of natural biological resources [1]. In the context
of Rusa timorensis, known locally as rusa Timor, captive breeding serves as a solution to
reduce pressure on wild populations while legally and sustainably meeting market demand
[2]. The government has established regulations on captive breeding practices through the
Minister of Forestry Regulation No. P.19/Menhut-11/2005, which states that, besides serving
conservation purposes, captive breeding also offers economic potential through controlled
harvesting. However, determining the sustainable harvest quota remains a challenge in Rusa
timorensis breeding [3].

One approach used to determine a sustainable harvest quota is the Minimum Viable
Population (MVP) method, which considers demographic parameters to ensure long-term
population viability [4]. Population demographics are essential in determining the
sustainable harvest limits that ensure population stability remains uncompromised [5]. In an
intensive captive breeding system, deer management is conducted under controlled
conditions, including the provision of feed, health monitoring, and reproductive regulation.
Calculating the harvest quota becomes even more critical to maintaining a balance between
productivity and population sustainability [6,7].

In addition to harvest quota considerations, the cost analysis of captive breeding is a crucial
factor in determining the sustainability of Rusa timorensis breeding operations [3]. Intensive
breeding systems require significant investment in feed provision, health management,
infrastructure, and labor, and as population growth rates increase, resource requirements
also rise, leading to higher operational costs [8-11]. Therefore, an in-depth study on the
relationship between breeding costs and sustainable harvest quotas is necessary to ensure
efficient and sustainable management. This study aims to estimate the sustainable harvest
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quota for Rusa timorensis using the MVP approach and analyze the financial aspects of
intensive captive breeding systems to provide recommendations for optimal harvesting
strategies and effective financial planning.

2. Materials and Methods
2.1. Study Area

This study was conducted within an intensive captive breeding program located in the
Dramaga Research Forest, West Bogor District, Bogor City. The facility operates under the
management of the Research and Development Center for Conservation and Rehabilitation
[12]. Primary data collection, consisting of direct observations and semi-structured
interviews, was carried out from December 2023 to February 2024. The analysis in this study
utilized retrospective secondary data, specifically demographic logbooks and financial
records, covering a five-year period from 2019 to 2023.
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Figure 1. Map illustrating the study site within the Dramaga Research Forest, located in West Bogor,
Bogor City, West Java, Indonesia.

3. Objects, Instruments, Tools, and Materials

This study examines Rusa timorensis and various related aspects, including breeding
locations, feeding practices, and management within an intensive captive breeding. The data
utilized in this study encompass the demographic characteristics of the deer and the financial
aspects of the breeding operation from 2019 to 2023. Data processing and analysis were
conducted using Microsoft Excel, specifically its financial analysis functions, including NPV,
BCR, IRR, and PP, with results cross-checked through manual calculations to ensure accuracy.
The research instruments used include writing tools for interviews with the captive breeding
staff and a camera to document the facility conditions.

3.1. The types of data

To address the research objectives, a clear identification of the variables and relevant data
collection methods is required. These variables were selected based on biological, ecological,
and financial aspects that serve as the main focus of the intensive captive breeding study of
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Rusa timorensis. Furthermore, the data collection methods were adjusted to the
characteristics of each variable, including logbook analysis, observations, interviews, and
literature review. The details of the research objectives, variable types, and data collection
methods are presented in Table 1.

Table 1. Research objectives, variables, and data collection methods.

No. Research Objective Variable Type Data Collection Method

1 Estimating demographic parameters of  Natality, Mortality, Fecundity, age Logbook analysis, Interviews,
Rusa timorensis in intensive breeding distribution, Sex ratio, Number of Observations, Literature

individuals in a specific age class review

2 Estimating the minimum viable Minimum Viable Population, Logbook analysis, Literature
population (MVP) of Rusa timorensis in  Sustainable Harvest Quota review
intensive breeding

3 Financial analysis of intensive captive NPy, NetZ, IRR, PP Logbook analysis,
breeding with a scenario where deer ¢ Observations, Interviews,
are sold live. Literature review

NPV= Net Present Value, BCR= Benefit Cost Ratio, IRR= Internal Rate of Return, PP= Payback Period

3.2. Data Collection

Data collection was conducted using multiple approaches to ensure the completeness and
accuracy of the information obtained. Each method was selected according to its relevance
to the research variables analyzed. Logbook analysis served as the primary source of
quantitative data, while interviews and observations were employed to validate and enrich
the information. Additionally, a literature review was conducted to support the
interpretation of primary data and to compare the findings with those of previous studies.
The combination of these methods was expected to provide a comprehensive overview of
the research parameters.

3.2.1. Logbook Analysis

The logbook maintained by the breeding facility served as the main source of primary data in
this study. The records included individual identification, births, deaths, and relevant
reproductive parameters. These data were used to calculate demographic indicators,
including natality, mortality, sex ratio, and fecundity. Furthermore, the logbook allowed
population analysis based on age and sex classes, providing a quantitative description of
population dynamics. Thus, the logbook functioned as the primary basis for estimating the
demographic parameters of Rusa timorensis.

3.2.2. Interviews

Semi-structured interviews were conducted with a veterinarian, a financial officer, and two
staff members responsible for daily activities in the captive breeding facility. The questions
explored topics such as reproductive procedures, animal health protocols, records of births
and deaths, financial transactions within the facility, and the informants’ views on the
challenges encountered in captive breeding. These interviews served to validate information
from the logbooks and to obtain in-depth qualitative perspectives on the management
system.

3.2.3. Observations

On-site observations were carried out within the enclosure area. These observations aimed
to validate the data recorded in the logbook and to monitor enclosure conditions, animal
behavior, visible health issues, and feeding activities. Observations also served to confirm the
age class categorization recorded in the logbook, particularly in cases where documentation
was incomplete.

3.2.4. Literature review

The literature review was used to complement and support the interpretation of primary
data, particularly regarding the ideal sex ratio in captive breeding of Rusa timorensis.
Additionally, it served as a scientific reference for comparing the observed demographic
patterns—such as birth rates, mortality rates, and age structures—with findings from
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previous studies. Relevant literature also provided supporting data for estimating population
viability thresholds and evaluating sustainable harvest levels within captive systems.

3.3. Data Analysis

Data analysis was conducted to calculate the demographic parameters of Rusa timorensis
based on information obtained from logbooks, interviews, observations, and literature
review. The main parameters analyzed included natality, mortality, sex ratio, and fecundity.
Each parameter was calculated using formulas adapted from previous studies and adjusted
to the conditions of intensive captive breeding. These calculations aimed to provide a
quantitative description of population dynamics and serve as the basis for evaluating
population viability and sustainable harvest quotas. The formulas used to calculate the
demographic parameters are presented in the following section [13]:

2B;
N o=t 1
o (1)
Mx _ (x-il—vl,t) x,t (2)
(x.t)
i
s =5 (3)
X
oo (4)
Where:
N :  Total population size
M, Mortality rate at age class x

S Survival rate at age class x
F Fecundity (offspring per breeding female)
B; Number of newborn individuals at site i
D; Number of females capable of reproduction
Ji Number of males
Ny ¢ Population size within age class x at time t
X Number of offspring
B Number of breeding females actively reproducing

The estimation of the Minimum Viable Population (MVP) was carried out using the Leslie
matrix model, which represents reproduction patterns and survival rates of each age class.
This matrix allows for a quantitative analysis of population dynamics based on age
distribution and reproductive potential. From the matrix, a set of linear algebraic equations
was derived to calculate the MVP size. The elimination method was applied to obtain
accurate solutions, as presented in the following equations [14]:

Ax ba Fr Fo Ao
Rx = pr  &r 0 X | Ro
Dx 0 P2 6o Do

Age-specific fecundity (Fx) describes the average number of offspring produced by individuals
belonging to a specific age group. In contrast, age-specific survival (px) indicates the
likelihood that individuals within a certain age class will survive and transition to the next age
group. In addition, &x indicates the proportion of individuals in age class x that stay within
the same age class in the subsequent year. A set of linear algebraic equations was derived
from Leslie’s matrix. The MVP size was obtained by applying the elimination method to solve
these equations. The following equations were used in the process [15]:

No
N1

A+R+D
(F.R+F.D + 6a) + [(A.p1) + ( 6r)] + [((1- 6r)R.p2) + 60D]
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N2 = {F.[(A.p1) + (6rR)] + F.[(1-8R)R.p2 + &0D] + 6a [F.R + F.D + ( 8aA)]} + {p1(F.R + F.D + (8aA))}
+ 8r[(A.p1) + ( 6rR)]} + {p2(1- 6&)[(A.p1) + ( OrR)] + Sp[((1-6R)R.p2) + &oD]}

Where:
Ay, Rx, Dx : Number of individuals in juvenile, sub-adult, and adult age classes at time x
Ao, Ro,Do : Initial number of individuals in each class
Fo, Fr :  Fecundity rates of sub-adults and adults
64, 6r, 60 : Proportion of individuals remaining in the same age class
p1, P2 : Transition probabilities between classes
Fx . Number of females capable of reproduction
Px . Age-specific fecundity.

Next, the determination of the sustainable harvest quota can be calculated using the
following equation:

Qjj = Ntij — MVP;j; (5)
Where

Qjj :  Sustainable harvest quota assigned to individuals in age category | and sex j.

Nij :  Number of individuals in age category i and sex j during year t.

MVP;; : Minimum Viable Population required for age category i and sex j.

The assessment to determine the optimal and most efficient system for breeding Rusa
timorensis is carried out by analyzing the sustainable harvest quota and evaluating the
financial performance of the breeding operations. This financial evaluation involves

calculating indicators such NPV, Net % IRR, and PP, as detailed below [16,17]:

_ yn Bt—C
NPV = Y/, Dt (6)

ot
B _ “"Y a4
Net_ = SR (7)

t=0"(14j)t

. NPV S
IRR = i1 NPVINPTL (i, — i) (8)

_ Initial investment
" Annual Cash Flow

Where

Bt . Total benefits obtained in year t

Ct : Total costs incurred in year t

t . Operational year (time period), starting from0, 1, 2, ..., N

N :  Total number of years (project duration)

i . Discount rate (%) used in financial evaluation

NPV . Net Present Value, representing the difference between discounted
benefits and costs
Net Benefit—Cost Ratio, representing the ratio between total

Net— . ) .

Cc discounted benefits and total discounted costs

IRR . Internal Rate of Return, the discount rate at which NPV =0

NPV, . Positive Net Present Value (feasible scenario

NPV, :  Negative Net Present Value (unfeasible scenario)

i1 : Discount rate generating a positive NPV

i2 : Discount rate generating a negative NPV.

PP . Payback Period, representing the time required to recover the
initial investment

Initial Investment : Total capital invested at the beginning of the project

Annual Cash Flow : Average annual net income (benefits minus costs)
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In a business feasibility assessment, NPV serves as the primary indicator. A business is
considered financially feasible when the NPV is greater than zero, as this signifies that the
venture yields a profit. If the NPV equals zero, the project is at a break-even point, indicating
that revenues and costs are balanced, resulting in neither profit nor loss. Conversely, a
negative NPV implies that the business is not financially feasible due to incurred losses [18].
Another financial metric used to determine feasibility is the Net Benefit-Cost Ratio (Net B/C).
A Net B/C greater than one indicates that the project is viable since the benefits outweigh
the costs. If the Net B/C equals one, it implies the project is at a break-even point [19].
However, when the Net B/C is below one, the business is not feasible, as the benefits are
insufficient to cover the costs.

The Internal Rate of Return (IRR) is also a key indicator. If the IRR exceeds the applied discount
rate, the business is considered viable because it delivers returns higher than the expected
rate. Conversely, if the IRR is below the discount rate, the project is considered unfeasible as
it generates returns lower than the cost of capital [20,21]. The Payback Period (PP) serves as
an indicator to measure the time required to recover a project's initial investment cost. A
shorter payback period is considered more favorable as it signifies a quicker return on
investment and implies lower risk [22]. A project is therefore typically deemed viable if its
payback period is shorter than the maximum timeframe established by management or
investors.

4. Results and Discussion
4.1. Results

4.1.1. Demographic Parameters of the Population

The demographic analysis of Rusa timorensis under intensive captive breeding at the
Dramaga Research Forest involved four aspects: population size, age structure, sex ratio, and
natality. These parameters were estimated using data compiled from daily logbooks that
recorded births, deaths, and individual age development. Estimating these parameters is
essential for evaluating population dynamics and reproductive success, particularly in the
context of ex-situ conservation, which prioritizes population sustainability. Age structure was
categorized into infant (0—9 months), juvenile (9—15 months), and adult (>15 months), based
on biological growth stages [23]. The analysis results are presented in Table 2.

Table 2. Structure and trends of Rusa timorensis population in Dramaga Research Forest 2019- 2023.

Age Structure

Vear Infant Juvenile Adult PO;:ltaatlion Growth rate  Mortality rate Fecundity
M F M F M F

2019 0 5 0 0 21 8 34 - - -
2020 1 1 0 2 21 11 36 0.06 - 0.18
2021 1 1 0 2 21 12 37 0.03 0.03 0.17
2022 2 1 0 2 18 13 36 - 0.03 0.11 0.23
2023 0 2 1 1 18 14 36 - 0.06 0.14

Average 0.01 0.05 0.18

M= Male, F=Female

Over the observation period, based on logbook data analysis, the Rusa timorensis population
ranged from 34 to 37 individuals. In 2019, there were 34 individuals, increasing to 36 in 2020
and reaching 37 in 2021. The population then decreased to 36 in 2022 and remained at the
same level in 2023. These changes indicate minor fluctuations that had no significant impact
on population stability. Overall, the population remained stable throughout the five-year
observation period.
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Across the five years, based on logbook data analysis, the average population growth rate
was 0.01. The highest value was recorded in 2020 at 0.06, while the lowest occurred in 2022
at -0.03. Positive growth rates indicate an increase in the number of individuals, whereas
negative values reflect a population decline. These variations were influenced by birth and
death dynamics recorded in captivity. This condition suggests that the population can
maintain itself despite annual fluctuations.

During the observation period, based on logbook data analysis, the average mortality rate
was 0.05. The highest value occurred in 2023 at 0.11, while the lowest was recorded in 2021
at 0.03. In certain years, the mortality rate exceeded the natality rate, which could potentially
lead to a decline in population size if it persists. Mortality exceeding births indicates pressure
on population growth.

The average fecundity value of the population, based on logbook data analysis, was recorded
at 0.18. Peak fecundity occurred in 2022 at 0.23, while the lowest was recorded in 2023 at
0.14. A comparison between fecundity and mortality shows that in some years, births were
insufficient to offset deaths. Overall, although fecundity levels were moderate to high in
certain years, this imbalance has the potential to negatively influence the long-term
population trend.

4.1.2. Estimating the Minimum Viable Population (MVP) and Determining the Sustainable Harvest
Quota

The Minimum Viable Population (MVP) analysis was conducted to determine the minimum
population size required under captive breeding of Rusa timorensis. The demographic
parameters analyzed included fecundity, mortality, and population structure during the
2019-2023 period. These MVP values were used as the basis for determining the Sustainable
Harvest Quota (SHQ) that could be applied sustainably. Table 3 presents the estimated MVP
values across different age categories and sexes. In addition, the table also shows the
estimated sustainable harvest quota that could be implemented during the observation
period.

Table 3. MVP values and estimated sustainable harvest quota of Rusa timorensis 2019-2023.

MVP Sustainable Harvest Quota
Year Infant Juvenile Adult Infant Juvenile Adult
M F M F M F M F M F M F
2019 0 29 0 0 36 14 0 0 0 O 0 0
2020 34 34 0 43 49 26 0 0 0 O 0 0
2021 3 3 0 7 16 9 0 0 0 O 5 3
2022 11 20 0 50 44 32 0 0 0 o 0 0
2023 0 4 0 0 18 14 0 0 1 1 0 0

MVP= Minimum Viable Population, M= Male, F=Female

Based on Table 3, the Minimum Viable Population (MVP) values of Rusa timorensis in
Dramaga Research Forest captive breeding exhibited considerable fluctuations during the
2019-2023 period. The peak MVP value was recorded for the juvenile male category in 2022,
with a total of 50 individuals. In contrast, zero MVP values were recorded in several
categories at the beginning of the observation period, particularly in 2019 for infant males,
as well as juvenile males and females. The sustainable harvest quota could only be
established in two out of the five observation years, namely in 2021 (a total of 8 individuals)
and in 2023 (a total of 2 individuals). In 2019, 2020, and 2022, no harvest quota was
applicable.
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The highest MVP value was recorded in 2022, with 50 individuals in the juvenile male
category. The lowest MVP values were recorded in 2019, with zero individuals in the infant
male, infant female, juvenile male, and juvenile female categories. Sustainable harvest
quotas were found only in 2021 and 2023, with totals of eight and two individuals,
respectively. No harvest quotas were recorded in 2019, 2020, and 2022.

The number of individuals in the adult category tended to be higher than in the infant and
juvenile categories in most observation years. Harvest quotas appeared when the number of
adults exceeded the minimum population requirement. In 2020, MVP values were high
across all age categories, but no harvest quota was generated. In 2021, harvest quotas were
recorded in the adult male and adult female categories. The table data also record the
minimum number of individuals per age and sex category for each observation year. This
information is used to describe population conditions in intensive captive breeding during
the study period. The MVP and sustainable harvest quota calculations are presented as data
from population assessments.

4.1.3. Estimation of Effectiveness and Efficiency of Intensive Captive Breeding: Live Deer
Sales Scenario

The financial feasibility of the Rusa timorensis captive breeding program, under an intensive
management system at the Dramaga Research Forest, was assessed using investment and
operational data collected over a five-year period (2018-2023). This analysis simulates a
scenario in which income is generated through the sale of live deer. To evaluate the project’s
effectiveness and efficiency, four primary financial indicators were calculated: Net Present
Value (NPV), Benefit-Cost Ratio (BCR), Internal Rate of Return (IRR), and Payback Period (PP).
These indicators were assessed under two interest rate assumptions: 10% and 18%. The
results of the financial analysis are shown in

Table 4.

Table 4. Financial analysis of captive breeding at Dramaga Research Forest (live deer sales).

Year Investment Operational Revenue (IDR) NPV IRR BCR PP
Cost (IDR) Cost (IDR) 10% 18% 10% 18% (year)
0 498,762,100.00 - - 643,461,342.70 446,669,394.23 54% 1.72 1.54 1.68

1 104,000,000.00 400,767,000.00

2 104,000,000.00 400,767,000.00

3 105,400,000.00 483,163,500.00

4 105,750,000.00 368,030,000.00

5 108,000,000.00 372,467,000.00

NPV= Net Present Value, BCR= Benefit Cost Ratio, IRR= Internal Rate of Return, PP= Payback Period

The initial investment of IDR 498,762,100.00 was allocated for infrastructure development,
including the construction of enclosures, procurement of breeder stock, and provision of
supporting facilities. During the operational phase, the main revenue source was the sale of
10 live deer over five years (based on the harvest volume shown in Table 3), consisting of
adult males (IDR 8,600,000/head), juvenile males (IDR 7,000,000.00/head), adult females
(IDR 10,363,000/head), and juvenile females (IDR 7,000,000.00/head). In addition to
individual sales, supplementary income was generated from secondary products such as deer
velvet—harvested three times annually from adult males, valued at IDR 4,700,000.00 per
harvest—and organic fertilizer [12]. The fertilizer, available in both solid (IDR
730,000.00/head/year) and liquid forms (IDR 2,836,050.00/head/year), contributed to the
annual revenue stream by integrating waste utilization into the production system [12].

Total revenue from all products during the five-year period amounted to IDR
2,025,167,500.00, while total operational costs reached IDR 527,150,000.00. Positive annual
cash flow was recorded in every operational year. At a 10% discount rate, the Net Present
Value (NPV) was IDR 643,461,342.70, the Benefit—Cost Ratio (BCR) was 1.72, and the payback
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period was 1.68 years. These values indicate that operational revenues exceeded both the
investment and operational costs under this discount rate scenario.

Under the 18% discount rate scenario, the NPV was IDR 446,659,394.00 and the BCR was
1.54. Although the financial indicators were slightly lower compared to the 10% scenario, all
values remained positive. This confirms that the captive breeding operation generated
profitable returns under both discount rate scenarios.

Financial feasibility was analyzed using Net Present Value (NPV), Benefit-Cost Ratio (BCR),
and Payback Period (PP) approaches, under two discount rate scenarios: 10% and 18%. The
10% scenario is a conservative benchmark commonly used in public investment analysis,
while the 18% scenario reflects higher risks or inflation [24]. Results showed that at a 10%
discount rate, NPV reached IDR 643,461,342.70, BCR was 1.72, and the payback period was
1.68 years. At an 18% discount rate, the NPV dropped to IDR 446,669,394.23.

4.2. Discussion

4.2.1. Implications of Demographic Parameter Estimations

Between 2019 and 2023, the Rusa timorensis population at HP Dramaga remained stagnant,
fluctuating between 34 and 37 individuals. Analysis revealed an average growth rate of only
0.01, with a relatively high annual mortality rate of 0.05. This suggests that births have not
kept pace with deaths, likely due to limited space and high enclosure density. Such conditions
increase stress risk, compromise animal health, and raise mortality rates [25,26]. This
phenomenon contrasts with the general expectation that intensive captive breeding should
promote significant population growth. Therefore, a comprehensive evaluation of facility
capacity and population management systems is required.

The population’s age structure displays an inverted pyramid pattern, with fewer young
individuals (infants and juveniles) compared to adults [27]. This pattern indicates low
population regeneration and a potential risk of long-term decline [3,28,29]. Such an
imbalance reflects low recruitment into the reproductive group, threatening the population’s
future viability. This issue is likely aggravated by an imbalanced sex ratio, with an excess
number of males. Male dominance triggers intraspecific competition, increases aggression,
and raises mortality risk among adult males and young females [30—32]. These conditions
hinder reproductive success and exacerbate population stagnation.

These findings align with research in West Java deer farms, which demonstrated that
reproductive success improved significantly when enclosure density was regulated, feed was
nutritionally balanced, and the male-to-female ratio was maintained optimally at around 1:4
to 1:5 [33]. Studies on intensive systems also emphasize that animal welfare factors—such
as sufficient space for movement, access to shelter, and reduced social stress —play a crucial
role in enhancing population productivity [34]. Therefore, improving both the physical and
social environments in captive facilities is essential to stimulate population regeneration.
Implementing management practices tailored to field conditions is expected to restore
population growth rates to sustainable levels. Such changes are important not only for the
success of captive breeding but also for broader ex-situ conservation efforts.

Based on the analysis, several managerial interventions are recommended to improve the
sustainability of the Rusa timorensis population at HP Dramaga. First, evaluate enclosure
capacity and set population limits to prevent overcrowding. Second, adjust sex composition
through rotation, segregation of surplus males into bachelor enclosures, or selection of
hyper-aggressive individuals. Third, reformulate feed and provide environmental enrichment
to enhance thermal comfort, reduce stress, and improve reproductive success. With these
strategies in place, the population is expected to emerge from stagnation and achieve a more
stable demographic condition.

4.2.2. Financial Feasibility and Broader Sustainability Contributions of the Captive Breeding
Program

The financial analysis of the captive breeding program shows strong economic viability under
both conservative (10%) and stringent (18%) discount rate scenarios. At a 10% discount rate,
the Net Present Value (NPV) reached Rp643,461,343.00 with a Benefit-Cost Ratio (BCR) of
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1.72 and a Payback Period of 1.68 years. Even under the more stringent 18% discount rate,
used to reflect inflation or investment risk, the project remains profitable, with an NPV of IDR
446,669,394.00 and a BCR of 1.54. These results indicate the project’s resilience to changes
in capital costs and confirm its financial attractiveness in both public and private investment
contexts. These results indicate the project's resilience to changes in capital costs, proving
that it is highly prospective financially.

Compared to previous studies, the financial indicators in this research demonstrate superior
performance. A study conducted at Sadhana Arifnusa, East Lombok, reported a Net Present
Value (NPV) of IDR428,748,935.00, a Benefit-Cost Ratio (BCR) of 1.66, an Internal Rate of
Return (IRR) of 28.89%, and a Payback Period of 4.60 years [3]. These figures, while indicating
financial feasibility, remain below the outcomes observed in the Dramaga Research Forest
program. The higher financial efficiency in Dramaga may be attributed to optimized resource
use, stronger market access, and integrated management strategies.

Moreover, the project generates qualitative benefits that contribute to long-term
sustainability. These include environmental education programs for school visitors, research
opportunities for universities, and the creation of alternative livelihoods for surrounding
communities. Employment is supported both directly through facility operations and
indirectly via local feed sourcing, such as cassava and forage grass. These initiatives enhance
the project’s social integration and foster community engagement.

From a conservation standpoint, the captive breeding model contributes to ex-situ
conservation while promoting public awareness of local biodiversity. Educational tourism and
academic collaboration further strengthen the ecological and scholarly value of the initiative.
Conservation facilities that integrate economic and educational functions tend to yield more
sustainable outcomes and broader biodiversity impacts [35]. This program exemplifies a
model in which conservation objectives are pursued alongside economic rationality, without
compromising ethical or ecological standards.

In conclusion, the captive breeding program demonstrates strong financial viability
supported by solid economic indicators, while also offering meaningful qualitative
contributions. The integration of conservation, education, and community empowerment
reflects a comprehensive approach to sustainable development. This model may serve as a
reference for designing future ex-situ conservation strategies, particularly in tropical regions
where biodiversity is abundant but financial resources are limited.

5. Conclusions

The intensive captive breeding program for Rusa timorensis at Dramaga Research Forest,
while demonstrating strong financial feasibility with a positive Net Present Value, a Benefit-
Cost Ratio above 1, a high Internal Rate of Return of 54%, and a rapid Payback Period of 1.68
years, faces significant biological challenges that severely limit its sustainable harvest quota
to a mere 10 individuals over five years. This low harvest potential stems from critical
demographic issues, including population stagnation, an inverted age structure, and an
imbalanced, male-dominated sex ratio, all exacerbated by the facility's limited spatial
capacity, which leads to overcrowding, increased stress, and higher mortality rates.
Therefore, to achieve both conservation objectives and economic profitability, efficient
management is essential; this must include a re-evaluation of enclosure capacity,
implementation of population limits, adjustment of the sex ratio, and provision of
environmental enrichment to improve animal health, reduce stress, and enhance
reproductive outcomes, ultimately ensuring long-term population sustainability.

Author Contributions

JS: Conceptualization, Methodology, Software, Investigation, Writing - Review & Editing; YS,
NFH: Conceptualization, Methodology, Writing - Review & Editing, Supervision.

This journal article is © Sormin et al. 2025 Media Konservasi, 2025, 4 | 543



Conflicts of interest

There are no conflicts to declare.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Dando, T.R.; Crowley, S.L.; Young, R.P.; Carter, S.P.; McDonald, R.A. Social Feasibility Assessments in Conservation
Translocations. Trends Ecol. Evol. 2023, 38, 459—-472, doi:10.1016/j.tree.2022.11.013.

Cita, K.D.; Hernowo, J.B.; Masyud, B. The Conservation Effort of Lesser Bird of Paradise by TMII Bird Park and
MBOF. Media Konserv. 2016, 21, 27-35.

Ilham, Y.0.; Masy’ud, B.; Rahman, D.A. Harvesting Quota and Financial Feasibility of Timor Deer Captive Breeding
in Sadhana Arifnusa East Lombok, Indonesia. J. Pengelolaan Sumberd. Alam dan Lingkung. 2024, 14, 48-57,
do0i:10.29244/jpsl|.14.48-57.

Cammarota, D.; Monteiro, N.Z.; Menezes, R.; Fort, H.; Segura, A.M. Lotka—Volterra model with Allee Effect:
Equilibria, Coexistence and Size Scaling of Maximum and Minimum Abundance. J. Math. Biol. 2023, 87, 1-36,
d0i:10.1007/s00285-023-02012-5.

Valle, S.; Collar, N.J.; Harris, W.E.; Marsden, S.J. Trapping Method and Quota Observance are Pivotal to
Population Stability in A Harvested Parrot. Biol. Conserv. 2018, 217, 428-436, doi:10.1016/j.biocon.2017.11.001.

Kacoliris, F.P.; Velasco, M.A.; Kass, C.; Kass, N.; Simoy, V.; Grilli, P.G.; Martinez Aguirre, T.; DI Pietro, Di.O.;
Williams, J.D.; Berkunsky, I. A Management Strategy For The Long-Term Conservation of the Endangered Sand-
Dune Lizard Liolaemus Multimaculatus in the Pampean Coastal Dunes of Argentina. Oryx 2019, 53, 561-569,
doi:10.1017/S0030605317000849.

Fusari, A.; Taylor, A.; Middleton, A.; Jones, B.; Lopes Pereira, C.; Jonga, C.; Demichelis, C.; Cumming, D.; Pariela,
F.; Ambwene Ligate, F.; et al. Guidelines for Improving the Administration of Sustainable Hunting in Sub-Saharan
Africa. 2015, 1-129.

Papakonstantinou, G.l.; Voulgarakis, N.; Terzidou, G.; Fotos, L.; Giamouri, E.; Papatsiros, V.G. Precision Livestock
Farming Technology: Applications and Challenges of Animal Welfare and Climate Change. Agric. 2024, 14, 1-17,
doi:10.3390/agriculture14040620.

Dzhumasheyv, R.; Kazakevitch, G. Production, Environment, and Population Growth. Environ. Resour. Econ. 2025,
doi:10.1007/s10640-025-00956-4.

Magrin, L.; Brscic, M.; Armato, L.; Contiero, B.; Cozzi, G.; Gottardo, F. An Overview of Claw Disorders at Slaughter
in Finishing Beef Cattle Reared in Intensive Indoor Systems Through a Cross-Sectional Study. Prev. Vet. Med.
2018, 161, 83—-89, doi:10.1016/j.prevetmed.2018.10.018.

Rathnayake, D.; Mun, H.S.; Dilawar, M.A.; Baek, K.S.; Yang, C.J. Time for a Paradigm Shift in Animal Nutrition
Metabolic Pathway: Dietary Inclusion of Organic Acids on The Production Parameters, Nutrient Digestibility, And
Meat Quality Traits of Swine and Broilers. Life 2021, 11, doi:10.3390/life11060476.

Takandjandji, M.; Setio, P. Nilai Finansial Penangkaran Rusa Timor di Hutan Penelitian Dramaga, Bogor. J. Penelit.
Hutan dan Konserv. Alam 2014, 11, 53—76, doi:10.20886/jphka.2014.11.1.53-76.

Sampurna, B.; Santosa, Y.; Mamat Rahmat, U. Estimation the Demographic Parameters and Growth Model of
Long-tailed Macaque (Macaca fascicularis) in Peucang Island, Ujung Kulon National Park. Media Konserv. 2014,
19, 95-104.

Sanusi, W.; Sukarna, S.; Ridiawati, N. Matriks Leslie dan Aplikasinya dalam Memprediksi Jumlah dan Laju
pertumbuhan Penduduk  di Kota Makassar.  J. Math. Comput. Stat. 2019, 1, 142,
doi:10.35580/jmathcos.v1i2.9189.

Yuliawati, A.; Kurniati, T.; Santosa, Y.; Thohari, A.M. Minimum Viable Population Estimation of Timor Deer (Rusa
timorensis) Base on Demographic Parameters. IOP Conf. Ser. Mater. Sci. Eng. 2018, 434, doi:10.1088/1757-
899X/434/1/012107.

Uletika, N.S.; Krisnawati, M. Analisis Kelayakan Teknis, Pasar dan Finansial Pengolahan Salyca dalam Sirup Skala
Mikro di Kabupaten Banjarnegara. Din. Rekayasa 2014, 10, 50-55.

Arinah, H.; Andayani, W.; Purwanto, R.H. Financial Analysis for the Community Forest of Herbs Agroforestry
Pattern in Gerbosari Village Kulon Progo District. J. IImu Kehutan. 2021, 15, 137-146,
doi:10.22146/jik.v15i2.1530.

This journal article is © Sormin et al. 2025 Media Konservasi, 2025, 4 | 544



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Ma, X.; Li, J.; Zhao, K.; Wu, T.; Zhang, P. Simulation of Spatial Service Range and Value of Carbon Sink Based on
Intelligent Urban Ecosystem Management System and Net Present Value Models—An Example from the Qinling
Mountains. Forests 2022, 13, doi:10.3390/f13030407.

Seidel, D.; Annighofer, P.; Stiers, M.; Zemp, C.D.; Burkardt, K.; Ehbrecht, M.; Willim, K.; Kreft, H.; Holscher, D.;
Ammer, C. How a Measure of Tree Structural Complexity Relates to Architectural Benefit-To-Cost Ratio, Light
Availability, and Growth of Trees. Ecol. Evol. 2019, 9, 7134—7142, doi:10.1002/ece3.5281.

Oyinna, B.C.; Okedu, K.E.; Kalnoor, G.; Raju, L.; Murali Krishna, V.B.; Colak, I. Economic Analysis of Off-grid Energy
Projects: A FINPLAN Model Approach. IEEE Access 2025, 13, 83916—83929, do0i:10.1109/ACCESS.2025.3561631.

Nurunisa, V.F.; Radinata, A.G.; Sadjati, .M. Business Model Analysis and Feasibility Study of Low Glycemic Index
Rice - Parboiled Rice. E3S Web Conf. 2024, 483, 1-10, doi:10.1051/e3sconf/202448302007.

Grant, C.; Garcia, J.; Hicks, A. Environmental Payback Periods of Multi-Crystalline Silicon Photovoltaics in The
United States — How Prioritizing Based on Environmental Impact Compares to Solar Intensity. Sustain. Energy
Technol. Assessments 2020, 39, 100723, doi:10.1016/j.seta.2020.100723.

Has, D.H.; Marpaung, S.S.M.; Sari, R. Pelatihan Pengelolaan Penangkaran Rusa Sambar (Rusa Unicolor) pada
Masyarakat di KHDTK Aek Nauli, Sumatera Utara. Selaparang J. Pengabdi. Masy. Berkemajuan 2023, 7, 923,
doi:10.31764/jpmb.v7i2.14948.

Terauchi, D.; Imang, N.; Nanang, M.; Kawai, M.; Sardjono, M.A.; Pambudhi, F.; Inoue, M. Implication for Designing
a REDD+ Program in a Frontier of Oil Palm Plantation Development: Evidence in East Kalimantan, Indonesia. Open
J. For. 2014, 04, 259-277, doi:10.4236/0jf.2014.43033.

Flanagan, A.M.; Masuda, B.; Grabar, K.; Barrett, L.P.; Swaisgood, R.R. An Enclosure Quality Ranking Framework
for  Terrestrial  Animals in Captivity.  Appl.  Anim. Behav. Sci. 2024, 278, 106378,
doi:10.1016/j.applanim.2024.106378.

Das, R.; Sailo, L.; Verma, N.; Bharti, P.; Saikia, J.; Imtiwati; Kumar, R. Impact of Heat Stress on Health and
Performance of Dairy Animals: A review. Vet. World 2016, 9, 260—268, doi:10.14202/vetworld.2016.260-268.

Nastiti, H..; Takandjandji, M.; Telupere, F.M..; Armadianto, H. Timor Deer Captivity Using Cage System. Int. J. Sci.
Adv. 2023, 4, 760-763, doi:10.51542/ijscia.v4i5.15.

Converse, S.J.; Moore, C.T.; Armstrong, D.P. Demographics of Reintroduced Populations: Estimation, Modeling,
and Decision Analysis. J. Wildl. Manage. 2013, 77, 1081-1093, d0i:10.1002/jwmg.590.

Krisna, P.A.N.; Supriatna, J.; Suparmoko, M.; Garsetiasih, R. Sustainability of Timor Deer in Captivity: Captive
Breeding Systems in West Java, Indonesia. Trop. Conserv. Sci. 2020, 13, d0i:10.1177/1940082920915651.

Garrie, J.; Meeker, R. Factors Affecting the Sex Ratio of White-tailed Deer (Odocoileus virginianus) Fetuses in
Arkansas. J. Ark. Acad. Sci. 2022, 76, doi:10.54119/jaas.2022.7603.

Kwatrina, R.T.; Takandjandji, M.; Bismark, M. Ketersediaan Tumbuhan Pakan dan Daya Dukung Habitat Rusa
timorensis de Blainville, 1822 di Kawasan Hutan Penelitian Dramaga. Bul. Plasma Nutfah 2016, 17, 129,
do0i:10.21082/blpn.v17n2.2011.p129-137.

Samsudewa, D.; Capitan, S.S. Reproductive Behaviour Of Timor Deer (Rusa Timorensis). Wartazoa 2011, 21, 108—
113.

Krisna, P.A.N.; Supriatna, J.; Suparmoko, M.; Garsetiasih, R. Sustainability of Timor Deer in Captivity: Captive
Breeding Systems in West Java, Indonesia. Trop. Conserv. Sci. 2020, 13, d0i:10.1177/1940082920915651.

Temple, D.; Manteca, X. Animal Welfare in Extensive Production Systems Is Still an Area of Concern. Front.
Sustain. Food Syst. 2020, 4, doi:10.3389/fsufs.2020.545902.

Dharma Kuba; Muhammad Zulikhroom D. Kuba; Khairul Sani; Wasilah Community-Based Management: Marine
Tourism Development for Ecological and Economic Sustainability. J. Econ. Educ. Entrep. Stud. 2024, 5, 467—-479,
doi:10.62794/je3s.v5i3.4372.

This journal article is © Sormin et al. 2025 Media Konservasi, 2025, 4 | 545



