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Abstract: Swamp Buffalo farming plays an important role in farmers' livelihood and in satisfying red meat demand in 
South Kalimantan, Indonesia. The extensive (wetland) swamp buffalo production system (SPS) and the extensive and 
semi-intensive dryland system (DPS) are two production systems. The production systems have high complexity and 
require the integrated sustainability assessment approach to measure the contribution level of sustainability indicators. 
This study aimed to demonstrate the conceptual framework for analyzing the sustainability of buffalo production systems 
in South Kalimantan. The buffalo production systems in South Kalimantan were analyzed using the comprehensive 
assessment framework from September-December 2021. A literature review and discussion with experts, followed by a 
focus group discussion to perform a Strengths, Weaknesses, Opportunities, and Threats (SWOT) analysis was 
conducted. The complex problem identifies and defines the relevant Economic, Ecological, and Societal (EES) issues, 
and inclusive identification and analysis of relevant stakeholders were described. Issues identified during the process 
were translated into relevant indicators in the EES sustainability dimensions then indicators possible for EES issues 
were proposed. Situation analysis in this study described and identified swamp buffalo in South Kalimantan, which is 
currently experiencing a population decline. The gross margin and growth and reproduction performances of the 
buffaloes were selected for economic benefit in both systems. Total land use and soil fertility were the possible indicators 
in the dimension of environment relevant for DPS, while swamp sedimentation and water pollution were considered 
important environmental indicators in SPS. Feed availability was measured in both systems. Social dimension indicators 
in both systems were focused on keeping management, the function of buffalo for livelihood, time allocation to keep 
buffalo, characteristics of livelihood, and possible land use conflicts.  

Keywords: Economic, ecological, and societal (EES), Sustainability analysis, Sustainability indicator, SWOT 
analysis. 

INTRODUCTION 

Riverine and swamp are two species of buffaloes 
(Bubalus bubalis). The river buffalo represents 
approximately 75% of the total buffalo population 
(South and West Asia), with the remaining 25% 
represented by the swamp type commonly found in 
South East Asia and South China [1], including 
Indonesia, where 90% of the buffalo population is of 
the swamp type. In Indonesia, swamp buffalo 
production has been supporting the fulfillment of red 
meat demand, particularly in the areas where buffalo 
meat is more favored than beef and is used extensively 
in their local cuisines, such as West Sumatera, Central 
Java, and South Kalimantan Provinces [2,3].  
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Swamp buffalo (Kalimantan) in South, East, and 
Central Kalimantan has been existing in harmony with 
the human population for hundreds of years, both in 
social and cultural aspects. Kalimantan buffalo in South 
Kalimantan is divided into two production systems: 
extensive swamp (wetland), which represented 64% of 
the population; whilst the rest are both extensive and 
semi-intensive dryland systems. The system in swamp 
areas is characterized by 2-5 farmers rearing herds 
semi-intensively in one shared Kalang, a traditional 
wooden shelter on the swamp itself [3,4].  

Nowadays, swamp buffalo has been challenged by 
low productive performances and a decline in the 
population [3], followed by consumers’ preference 
towards Indian Buffalo Meat (IBM), imported from India 
since 2016. The IBM is expected to shift the role of 
local swamp buffalo and decrease the price of live 
buffalo, which will end up in lower farmers' income and 
motivation [2]. On the other sites, the decrease in 
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swamp buffalo habitat is caused by the swamp’s 
sedimentation and shifting land use. The absence of 
swamp buffalo in swamp areas prevised changes in the 
swamp ecosystem, where the vegetation became 
denser, leading to slower downstream and 
sedimentation [5].  

The complexity of the buffalo production systems 
problem in South Kalimantan requires the integrated 
sustainability assessment approach which focuses on 
the level of sustainability indicators [6]. System theory 
provides concepts and tools to better understand 
complex developments in agriculture and society 
because farming systems are just one type of system 
in general [7]. An animal production system is 
considered sustainable when it can reproduce itself for 
a reasonable length of time and change in a timely 
manner when required by some conditions to continue 
functioning in the long term [8,9]. Sustainability 
assessment is a key step in supporting the 
development of sustainable farming systems [8]. The 
complexity of the buffalo production systems problem 
in South Kalimantan requires an integrated 
sustainability assessment approach that focuses on the 
level of sustainability indicators [6]. Indicator-based 
monitoring tools are frequently applied for sustainability 
assessments [10]. Furthermore, Meul et al. [10] 
explained that sustainable development processes 
should be based on integrating three pillars ecological, 
economic, and social (EES). The ecological condition, 
economic and social roles, as well as the transition to 
sustainable development. 

Despite the critical roles buffalo production plays in 
providing meat, giving economic benefits and social 
and cultural status to farmers in South Kalimantan, the 
sector has not received policy-level priority. This is 
explained to some extent by a lack of in-depth analy-
tical research and policy tools for this issue that will 
assist decision-making and priority setting. This paper 
is aimed to demonstrate the conceptual framework for 
analyzing the sustainability of buffalo production 
systems in South Kalimantan. The results of this study 
will be used as a recommendation for the sustainability 
indicators to be selected in measuring the overall 
contribution to the sustainable development of swamp 
buffalo production systems in South Kalimantan.  

MATERIALS AND METHODS 

The Conceptual Framework for Sustainability 
Analysis 

The sustainability of buffalo production systems in 
South Kalimantan, Indonesia, was analyzed using the 

comprehensive assessment framework. It is inspired by 
the approaches for sustainability analysis, sustainable 
livelihoods, and life cycle assessment (LCA) methods. 
These methods were used for conducting 
comprehensive assessments of agricultural system 
innovations, including the agroecological impact at the 
regional level and the socio-economic impact at the 
household level [11-13]. According to the referred 
studies, there are four phases to be taken: 1). Situation 
(problem) description, 2). Identification and definition of 
relevant Economic, Ecological, and Societal (EES) 
issues, including relevant stakeholders. 3). Selection 
and quantification of suitable sustainability indicators, 
and 4). Aggregation of indicators information into an 
overall contribution to sustainable development. This 
study, however, underwent only phases 1 and 2 during 
September-December 2021 in South Kalimantan, 
Indonesia, by carrying out direct observation; literature 
study and reviews; discussion with experts and key 
persons, and focus group discussion.  

Description of (Problem) Situation  

Describing the problem of buffalo production 
systems was inclusive of activities of literature reviews 
and discussion with experts. We included all 
aspects/issues that are relevant with respect to 
sustainability. We performed a SWOT analysis to gain 
insight into (un)sustainable aspects of the problem. We 
defined buffalo production systems in South 
Kalimantan. 

Identification and Definition of Relevant EES Issues  

Relevant issues were identified based on the 
literature reviews and discussions with experts. The 
issue was developed as an indicator that shall meet the 
criteria of sustainability indicators. Some criteria for 
selecting sustainability indicators are relevance, 
simplicity, sensitivity, validity, target value, and 
accessibility data. In this paper, qualitative and/or 
quantitative indicators were selected. For each 
selected issue, indicators have to be defined and 
assessed. The issues and indicators are placed in the 
different aggregation levels with which they are 
associated [11,13]. Once the stakeholders, issues, and 
indicators have been identified and selected, the 
indicator scores need to be assessed. 

Identification and Analysis of Relevant 
Stakeholders 

Stakeholders' identification was conducted through 
a literature review and discussion with key informants. 
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The selected key informants consisted of farmers and 
local government. A literature review was carried out by 
reviewing relevant research publications concerning 
buffalo production systems in Indonesia and worldwide. 
A focused group discussion (FGD) was conducted in 
South Kalimantan by inviting buffalo farmers from both 
wetland/swamp (three participants) and dryland (five 
participants) areas; six local governments on the areas 
of livestock development and landscape spatial 
planning; and two scientists. In total, 16 participants 
were facilitated by researchers during FGD. A SWOT 
analysis was done during FGD. Issues were selected 
based on the frequencies raised in the SWOT analysis. 
The criteria to select sustainability indicators were 
simplicity (in which the information should be presented 
easily and understandable); sensitivity, which relates to 
the ability of an indicator to measure (sense) actual 
changes of the issue in the system; validity, in which a 
measurement is valid if it is both accurate and precise; 
the trend of target value; and accessible data, meaning 
that indicators are based on accessible data and the 
information is available or can be gathered while there 
is still time to act [14]. For each selected issue, we 
defined potential indicators that met the 
abovementioned criteria. Both qualitative and 
quantitative indicators were documented. 

RESULTS AND DISCUSSION 

Situation (Problem) Description 

South Kalimantan Province consists of two 
geographical conditions, wetlands (lowland areas) and 
highlands (mountain areas). The Banjar community is 
made up of indigenous peoples inhabiting the South 
Kalimantan. Swamp buffalo in South Kalimantan, 
especially in wetland (swamp) areas, have been in 
harmony with the community's social culture for 
hundreds of years. The two production systems, the 
swamp production system (SPS) and the dryland 
production system (DPS), have different 
characteristics. As much as 64% of the buffalo 
population in South Kalimantan are semi-intensively 
kept in swamp areas, and the rest of the population is 
extensively kept in dryland, locally named kerbau 
Gunung or hilly buffalo [15]. Both SPS and DPS are 
facing similar problems of a decrease in population. 
The swamp buffalo population in South Kalimantan has 
decreased by 25.99% or 6,908 heads from 2015 
(26,582 heads) to 2020 (19,674 heads). The biggest 
decline occurred from 2017 to 2018, which reached 
30.4% [16]; yet, the problems originated from different 
roots. The important issue that occurred in SPS is that 

buffalo productivity decreased due to the decline in the 
carrying capacity of the swamp areas, whereas in DPS, 
the problem occurs due to a conflict of interest between 
farmers, plantation owners, and local government 
regarding the grazing areas.  

Swamp buffaloes in South Kalimantan are mostly 
populated in the Hulu Sungai Utara (HSU) District, 
which, based on a location quotient value of 9.46, 
indicates buffalo are prominent livestock in this area 
[16]. The swamp ecosystem is characterized by the 
existence of water vegetations such as water hyacinth 
and Oryza sativa forma spontanea L (locally named 
Padihiang), Paspalum sp (locally named Kumpai Batu), 
and Hymenachne amplexicaulis haes (Kumpai Minyak) 
which serve as main feeds for swamp buffalo [17]. In 
those areas, kalangs are built above the river water; 
made from wooden logs using Ironwood 
(Eusideroxylon zwageri T. et. B.), which are assembled 
as a huge raft and fenced [18]. Swamp buffaloes 
wallow in the deep swamp and swims around to graze; 
Yusnizar et al. [19] reported that the swimming 
distance of swamp buffalo could reach 75 km2.  

The population of swamp buffalo in SPS has been 
decreasing in recent years due to low productivity and 
reproductive performance. With this notice, the 
healthcare program could not be applied efficiently due 
to the nature of the extensive Kalang production 
system; hence, the mortality rate, especially in the calf, 
is extraordinarily high. Further, swamp areas are 
threatened by sedimentation and shifting of land use, 
leading to decreased forage availability. Farmers in 
SPS keep their buffalo under traditional practices, 
which rely merely on swamp local resources.  

The Dryland swamp buffalo production system is 
characterized by extensive systems in natural pasture 
lands or forests and semi-intensively integrated with 
plantations, especially rubber and oil palm. The 
horizontal conflict currently occurs between farmers 
and the local government, who issued regulation of the 
Local Regulation Decree of Tanah Bumbu District 
Number 9, the Year 2018, regarding the general 
discipline and public serenity mentioned in Chapter 10 
and Paragraph 1: “Every individual or entity that own 
animals are obliged to keep them in the barns/housing 
and not to let the animals grazing in public or protected 
areas which potentially disturb the public activities and 
imperil the public traffic and harmful for the 
environment”. This regulation specifically restricts 
buffalo farming in DPS.  



Sustainability of Animal Production Journal of Buffalo Science, 2023, Vol. 12     47 

Aside from the mentioned regulation, there is also a 
conflict between farmers and plantation management, 
where the buffaloes are grazing illegally in the 
plantation areas. The plantation owners demand that 
the farmers house their buffaloes. Farmers ought to 
invest in housing and fencing to keep their animals, 
which is costly. On the other hand, by housing the 
animals, they also have to spend resources on 
providing feeds for their animals. As a result of these 
conflicts, farmers decided to sell their buffaloes and 
shift their activities to other sectors. 

The main problem common in both buffalo farming 
systems is shifting land use, leading to conflicts among 
farmers, the community, and the government. Local 
government does not consider the livestock sector as a 
significant contribution to the regional income; they only 
focus on using the land for plantation. Farmers have 
felt less secure for the last couple of decades with 
regard to the ownership of the land for buffalo 
production. This situation also resulted in a decrease in 
the buffalo population. The decrease in buffalo 
population in South Kalimantan is predicted to bring 

multiplier effects to the farmer’s welfare (economic 
dimension), further sedimentation on the swamp 
ecosystem (environment dimension), and changes in 
the local wisdom of the local community (social 
dimension). 

Identification and Analysis of Stakeholders 

Stakeholders were determined based on their 
relevance to the problem contexts. We identified 
primary and secondary stakeholders through literature 
reviews and FGD. No specific differences between 
stakeholders in both systems, as they have similar 
importance to the systems and interests. Table 1 
presents the identification and analysis of buffalo 
production stakeholders.  

Based on Table 1, the Livestock Service Bureau is 
the representative of local government concerns on 
increasing buffalo population by intensively assisting 
the management practices. However, the policy of land 
use and spatial planning seems to be working against 
the Livestock Service Bureau, as they only focus the 

Table 1: Identification and Analysis of Buffalo Production Stakeholders in South Kalimantan 

Stakeholders Importance to system Interest 

Primary  

Farmers Play the main role Income, savings, and social status  

Central Government  Policymakers at national level in terms of: 
Livestock slaughtering  

Import of Indian Buffalo Meat (IBM) 
Supply and demand of meat 

National agenda to meet the demand for 
red meat  

 

Local Government Policymakers at regional level in terms of: 
Development of swamp buffalo 
Spatial planning and Land use  

Conservation of swamp ecosystem 
Permission of land use and ownership 

Increase in buffalo population 
Synchronization of the livestock sector and 
other sectors such as plantation, fisheries, 

and mining  
Swamp ecosystem conservation 

Secondary 

Scientist/academicians  Conducting studies on buffalo production as 
baseline considerations for policymakers 

Publication and policy papers 

Traders/ 

Butcher/ Slaughtering  Profit 

Meat sellers  Influence the supply and prices of meat and 
consumer preferences  

Profit  

Oil palm plantation (OPP) Company Provide undergrowth in oil palm plantation land for 
buffalo grazing* 

Expanding their plantation on swamp areas** 

Profit 

Mining company Provide post-mining land for buffalo production* Profit  

Consumers Influence the supply and demand Preference towards buffalo meat 

*Specific on dry production (DPS) system of buffalo in South Kalimantan. 
**Specific on a swamp production system (SPS) of buffalo in South Kalimantan. 
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land use for plantation. The different concerns and 
roles implied contradictive actions. Land use regulation 
has an impact on decreasing the buffalo population 
since the development plan is prioritized for the 
extraction sector and oil palm plantation when in 
contrast, the livestock sector will be limited and 
suppressed. The livestock sector is assumed to give a 
less significant contribution to regional development 
due to smallholding ownership. Shall it continuously 
occur, the decline in the livestock sector as a protein 
source producer in those areas is unavoidable; as 
stated by Nziguheba et al. [20] that land degradation 
threatens food production, particularly in smallholder 
farming systems.  

We discovered butchers, traders, scientists, and 
OPP (or mining companies) as secondary 
stakeholders. Their roles were either as a support or an 
obstacle to buffalo farming development. Butchers and 
traders can support buffalo development in determining 
the supply of buffalo meat. Sumantri and Chang [2] 
reported that buffalo meat consumption in South 
Kalimantan increased along with the increase of Indian 
buffalo meat (IBM) importation, which was from 38 tons 
in 2017 to 675 tons in 2019, which mainly utilized for 
producing meatballs, catering, and restaurant needs. 
Buffalo meat production in South Kalimantan will 
contribute 10.21% of meat production in 2021. This 
showed big market potential for buffalo meat. Buffalo 
meat may be considered a good option to meet the 
increasing demand for food for human consumption 
[21]. 

Oil palm plantations and mining are leading sectors 
and main income sources for the Province of South 
Kalimantan. Oil palm plantation covers about 427,000 
Ha, while coal mining covers 566,000 Ha [22]. It is 
projected that both sectors will increase and place 
pressure on buffalo production in SSP as well as in 
DPS. Similarly, OPP and mining companies can either 
support or obstruct buffalo farming development. On 
the other side, however, OPP is the potential to be 
integrated with buffalo farming, as OPP can provide 
undergrowth vegetation for buffaloes, and in return, 
buffaloes provide animal draught power to transport 
palm oil fruit bunches during harvest [23]. This is in line 
with the potential of reclaimed post-mining lands as 
grazing areas for buffalo. According to Minister of 
Forestry regulations (yr. 2009-2014), post-mining lands 
have to be returned to their ecological and social 
functions through reclamation. Reclaimed lands can be 
utilized for activities of agriculture. Utilization of post-

mining lands as grazing areas could increase livestock 
population and meat production [24]. 

Participatory SWOT Analysis 

Participatory SWOT analysis was started with a 
brainstorming session among FGD's participants to list 
relevant aspects for the sustainable development of 
buffalo production systems in South Kalimantan 
Province. Tables 2 and 3 present the SWOT analysis 
results of buffalo production systems in South 
Kalimantan, collected from various stakeholders’ 
participants who actively had discussions during the 
FGD.  

Most stakeholders agreed that buffalo production 
benefits farmers economically, provides red meat for 
South Kalimantan residents, and maintains the swamp 
ecosystem and social and cultural tradition of the 
community. Buffalo has good adaptability to local 
conditions and is able to utilize low-quality feeds; also, 
they can be maintained extensively with minimum 
inputs. Those are considered strengths of buffalo 
production. At the higher (regional) level, buffalo 
production can be an alternative to reduce the 
dependency on extractive industries; later, it can be 
considered an opportunity. However, as in other areas 
in Indonesia, buffalo production in South Kalimantan 
depends only on local resources, without any 
improvement, as it is limited by distance and shrinkage 
of grazing lands.  

Other major problems buffalo farmers face are low 
reproductive efficiency and prolonged inter-calving 
intervals [25,26]. The reproduction efficiency of buffalo 
is determined by 1). inherent late maturity, 2) poor 
estrus expression in summer, 3) distinct seasonal 
reproductive patterns, and 4) prolonged inter-calving 
intervals [27]. Furthermore, Azawi et al. [26] reported 
that 35.4% of buffalo have smaller follicles (less than 8 
mm) compared to cattle. The estrus cycle of swamp 
buffalo is 20-22 days, with an average estrous duration 
is 19.9±4.4 h, and ovulation occurs 13.9 h after estrus 
[27]. The repeated and long reproduction cycle of 
buffalo can result in economic losses [28]. Widi et al. 
[3] reported the calving interval of swamp buffalo 
(kalang) is 16.5 months, and in line with swamp buffalo 
in East Java is 16.39 months [29]. This condition is 
worsened by the high mortality rate of pre-weaning 
calves, particularly during the rainy season in a swamp 
area, when the water level is high and the calves were 
left behind on the shelter (kalang) while their cows are 
swimming and grazing. This causes the calves to 
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Table 2: SWOT/SW Analysis of Buffalo Production Systems in South Kalimantan 

 Stakeholder Strengths Weaknesses 

Primary stakeholders 

Farmers Buffalo as savings 
Local identity 

Supply of red meat 
Easy management 
Good reproduction 

Male buffalo give more benefits 
Less diseases 
Power traction 

Lack attention from the government  
Lack of animal health support and assistance 

More disease during rainy season 
Calves’ diseases 

Long reproduction cycle 
Not popular 

Regional 
government  

Provide animal source food 
Income for farmers 

Suitable for swamp area and can swim 
Good grazer 

Easy management 
Good body size 

Good reproduction 

Lack human resources  
Traditional practices 

Difficult to handle individually for health treatment 
Not resistant to high temperature 

High mortality of calves during high water level 

Secondary stakeholders 

Scientist / 
academicians 

Highly adapted to climate 
Good reproduction 

Good conversion of low-quality feeds 

Extensive system 
 

Spatial planning 
bureau 

Improve economic benefit of the farmers Less additional values from swamp buffalo  
Less popular and less attractive, compared to extractive 

sectors such as mining. 

 
Table 3: SWOT/OT Analysis of Buffalo Production Systems in South Kalimantan 

Stakeholder Opportunities Threats  

Primary stakeholders 

Farmer High demand for religious festivities 
High preference for their meat due to lower price 

compared to beef 
Easy to sell 

Shortage of lands 
Competition with fisheries 

Conflict with the plantation sector 
High criminal target 

Feed resources become limited 

Livestock Service 
Bureau 

Synchronization of estrus to minimize silent heat  
Artificial insemination for semi-intensive system 

High demand for meat 
South Kalimantan is the gate to the new capital city in 

East Kalimantan  

Water pollution  
Habitat for living decreases 

Inbreeding 
Slaughter of productive female 

Secondary stakeholders 

Scientist/academicians Opportunity for keeping buffalo in OPP and post-mining 
lands 

Agrotourism potential 
Breeding and fattening potential 

Post-harvest processing  

Shifting land use 
Inbreeding 

Livestock thievery  
No legal protection for farmers  

Low availability of feed resources due to land use 
shifting and sedimentation 

Spatial planning 
bureau 

Less dependency on the mining sector 
South Kalimantan as a gate of the new capital city in 

East Kalimantan  

Unsynchronized spatial policy among sectors 
The livestock sector is not the main priority of regional 

development 
Incompatible land allocation for the livestock sector  
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Table 4: Identification of Sustainability EES Indicators of Buffalo Production Systems in South Kalimantan 

 EES issues Issues Sustainability Indicators Level/hierarchy 

Farmer’s income; Gross margin (GM) Farm, regional Economic Economically benefit 

Buffalo performances (growth and reproduction rate)  Farm 

Total land use Regional, Global 

Soil fertility Regional, Global 

Feed availability (carrying capacity; botanical 
composition) 

Farm, regional 

Land use and quality 

Swamp sedimentation Farm 

Environmental 

Water quality Water pollution Farm, regional, and global 

Buffalo management 
practices 

Farm size, feeding system, mating system, housing, 
recording, time allocated for buffalo keeping 

Farm 

Human well-being Farmer educational level Farm 

Additional functions of 
buffalo 

Social status, saving, insurance, manure, draught 
power, culture, religious festivity, meat production 

(alternative to beef) 

Farm, regional 

Health and diseases Buffalo diseases or health problems Farm 

Social 

Social conflict Local regulations, land use conflicts Regional 

 

receive insufficient feed and hence, nutrients. The 
mortality rate of swamp buffalo calves in kalang system 
was about 20 – 40% per year [3], with various causes 
such as malnutrition, diseases, and accident (falling 
down and being trapped) in the kalang basement.  

The livestock sector has not been prioritized in the 
spatial management policy because of its lower 
popularity compared to the other sector(s), such as 
mining and oil palm plantation, which significantly 
contribute the regional income. During FGD, both SPS 
and DPS farmers, as well as local government officers 
(Table 2), mentioned that the reproduction traits of 
swamp buffalo are good, which can be interpreted that 
the keeping management of buffalo is effortless; as the 
buffaloes get mated and bred naturally during grazing 
or when in the kalang. It is discovered that buffaloes in 
these systems are difficult to handle individually, 
resulting the difficulty in health treatment. Fasciolosis 
disease, caused by infection of Fasciola hepatica, was 
found mainly on swamp buffaloes and had been 
causing deaths, particularly in kalang system. 

Table 3 presents the opportunities and threats 
analysis. The high preference of people in South 
Kalimantan is considered an opportunity for the buffalo 
sector. Buffalo is preferable for religious festivities, 
which suits the strong religious tradition in South 
Kalimantan. Another opportunity revealed by 
stakeholders during FGD was the plan for the capital 

city relocation to East Kalimantan, which shares its 
border with South Kalimantan. The demand for red 
meat is expected to increase in the future due to the 
relocation. 

Identification of EES Sustainability Issues  

Table 4 provides selected sustainability indicators 
for buffalo production systems in South Kalimantan, 
while Table 5. defines the selected indicators possible 
for EES issues. Relevant potential indicators (as shown 
in Table 4) were selected based on the process results 
of the subsequent literature study and expert 
consultations and confirmed by participatory SWOT 
analysis. For each selected issue, we determined 
possible indicators (Table 5) as they fulfill the required 
criteria, such as relevant, realistic, and end-user value.  

The selected indicator for economic benefit was 
represented by gross margin rather than farmer’s 
income, which is based on financial revenues minus 
variable cost. This indicator has an impact on the farm 
level. Performances of the animals are also an 
important indicator for economic issues, represented by 
growth and reproduction rates and meat production, 
which can be measured at the farm level.  

A conceptual framework for EES indicators of 
buffalo production systems in South Kalimantan is 
presented in Figure 1. The conceptual framework can 
be transformed in the context of buffalo production 
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Table 5: Selected Indicators Possible for EES Issues and their Definitions 

Possible indicator Definition 

Economic 

Gross margin (GM) (IDR / hour) GM (financial revenues reduced by variable costs) per hour per day 

Buffalo performances  

Genetics The genetic parameters are the building blocks that determine an individual's potential. 

Growth 

Live/body weight (Kg) Live-weight female buffalo aged more than 2 years 

Weaning weight (Kg) Live weight at weaning  

Yearling weight (Kg) Live weight at yearling (± 11 months) 

Reproduction (calf crop (%)) Survived weaned calves in a year in the percentage of the total female buffalo population 

Meat production (kg) Amount of meat produced by an adult buffalo  

Environmental 

Total land use (m2 per kg BW) Space of land required to produce one unit product of buffalo  

Soil fertility (macro and microelements) Amount of macro and micro elements of soil where the buffaloes are kept 

Feed availability 

Consumption of dry matter (DM) (DM, g BW-

0.75/day) 
Amount of feed in DM consumed by an animal per kg metabolite BW in a day  

Consumption of crude protein (CP)  
(CP, g BW-0.75/ day) 

Amount of feed protein consumed by an animal per kg metabolite BW in a day  

Swamp sedimentation rate (mg/dt/m2) The average amount of sediment contained in the swamp area where the buffaloes are kept. 

Water pollution 

Total Coliform (MPN/100ml) Amount of coliform in 100 ml of water 

Level of E. Coli (MPN/100ml) Amount of E. coli in 100 ml of water 

Water pH  Acidity level of water in buffalo areas  

Social 

Farm size (head) Number of buffalo kept by farmers 

Feeding system 
Mating system 

Housing 
Recording 

Time allocated for buffalo keeping 

Feeds gathering and offering methods  
Mating methods (artificial insemination or natural) 

Structure and construction of the house where buffaloes are maintained (permanent or semi-
permanent) 

Availability of recording system  
Amount of time in a day used by farmers to maintain the buffaloes  

Farmer’s educational level Education of the farmers  

Social status 
Manure (kg/day) 

Culture (head/ event) 
Religious festivity 

Number of buffaloes owned by the farmers 
Amount of feces produced by a buffalo per day  

Number of buffaloes slaughtered in a cultural event  
Number of buffaloes slaughtered in a religious festivity 

Buffalo health problems (%) Percentage of sick buffaloes in a herd 

Conflict on land use (number of conflict 
evidence in a year)  

The number of conflicts on land use between buffalo keeping and other activities such as 
plantation, mining, and fishery.  

 

systems sustainability as a tool for describing the 
complex situation in the two buffalo production systems 
in South Kalimantan. Important components to monitor 
sustainability are thus: 1) participatory approach to 

identify and select sustainability issues and indicators; 
2) Data availability to assess and evaluate the 
sustainability indicators of animal production systems 
empirically [12]. This study aimed to focus on the first 
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component and carried out carefully to prepare the 
second one, which will assess and evaluate the 
contribution of each sustainability indicator to overall 
sustainable development). The challenge to designing 
the swamp buffalo production systems, hence, is to 
select a set of indicators that can comprehensively and 
reliably represent the complexity of the current 
production systems, ecological conditions, economic 
and social roles, and the transition to sustainable 
development. We define this figure to the other 
because these are the study's main results. 

CONCLUSION 

Situation analysis in this study was able to describe 
and identify the complexity of the problems, both actual 
and potential, in the development of swamp buffalo in 
South Kalimantan, which is currently experiencing 
population decline. Farmers and central and local 

governments were identified as primary stakeholders, 
whereas the secondary stakeholders were 
scientists/academicians, traders, butchers, meat 
sellers, Oil Palm Plantation companies, mining 
companies, and consumers.  

Issues identified during that process are translated 
into relevant indicators in the EES sustainability 
dimensions, and some indicators possible for EES 
issues were proposed. The gross margin and growth 
and reproduction performances of the buffaloes were 
selected to indicate economic benefit in both systems. 
Total land use and soil fertility were possible indicators 
in the dimension of environment relevant for DPS, 
while swamp sedimentation and water pollution were 
considered important environmental indicators in SPS. 
The feed availability issue was relevant in both 
systems. Keeping management, the function of buffalo 
for livelihood, time allocation to keep buffalo, 

 
Figure 1: A conceptual framework for EES indicators of buffalo production systems in South Kalimantan. 
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characteristics of livelihood, and possible land use 
conflicts were considered to be relevant for the social 
dimension in both systems. 
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