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Abstract

This study examines how Gayo ethnozoological knowledge can inform sustainable buffalo husbandry policies in Aceh, Indonesia. The
Gayo buffalo (Bubalus bubalis) serves as a vital local genetic and cultural resource amid growing challenges in livestock conservation and
food security. Through ethnographic research, the study highlights how traditional ecological knowledge—particularly the Gayo people’s
ethnotaxonomic system—contributes to understanding and managing genetic diversity. The findings demonstrate that this indigenous
classification system reflects deep cultural insight and practical expertise that align with modern scientific approaches to conservation.
Integrating such knowledge into formal livestock development policies can enhance breeding strategies, promote biodiversity conservation,
and strengthen community participation. The study recommends the establishment of integrated conservation programs, financial and
institutional support mechanisms, and a legal framework recognizing traditional livestock management as part of Indonesia’s sustainable
agricultural development agenda.
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1. Introduction

Indonesia, like many other developing countries, faces significant challenges in ensuring food security while preserving its rich biodiversity.
The country has lost a considerable portion of its agricultural genetic resources, underscoring the urgent need for conservation efforts. In
this context, the Gayo buffalo (Bubalus bubalis) has emerged as an important local genetic resource, particularly in Aceh, that requires
immediate attention and conservation (Maulana et al., 2023). The genetic distinctiveness of such indigenous breeds is increasingly con-
firmed by molecular studies, such as those using microsatellite markers, which are vital for assessing genetic diversity and formulating
conservation plans (Barker, 1994). The Gayo buffalo is more than just a livestock species; it holds deep cultural significance for many
communities in Indonesia, especially for the Gayo ethnic group in Aceh. This long-standing relationship has led to the development of a
sophisticated ethnotaxonomic system over generations, reflecting the community’s profound understanding of their livestock (Uprety et
al., 2022).

The Gayo people have developed a nuanced classification system based on horn shape and hide color, correlating with important traits
such as endurance, energy output, and meat production (Uprety et al., 2022). Notably, such traditional classifications are increasingly
validated by modern genetics; for instance, specific phenotypic traits used in ethnotaxonomy have been shown to correlate with genetic
markers, demonstrating the scientific value of indigenous knowledge (Marques et al., 2011). This classification system not only exemplifies
the Gayo people’s deep knowledge of their livestock but also serves as an integral part of their cultural identity. Integrating traditional
knowledge with modern conservation strategies is essential for the sustainable management of the Gayo buffalo population (Maulana et
al., 2023). Moreover, similar patterns of alignment between indigenous classification systems and molecular genetics have been reported
globally—such as the Maasai’s phenotypic cattle groupings in East Africa and the traditional zebu breed distinctions in India—where
microsatellite and genomic analyses have verified that community-based classifications correspond closely with underlying genetic
structure. These parallels further affirm that ethnotaxonomy is not merely cultural knowledge but a practical, empirically grounded system
that complements modern genetic science.

Comparable ethnotaxonomic systems are found in numerous cultures worldwide, demonstrating the broader relevance and scientific
validity of indigenous classification practices. Among the Maasai of East Africa, for instance, cattle are systematically categorized
according to horn configuration, coat coloration, and characteristic behaviors—traits that correspond with ecological adaptability, disease
resistance, and milk productivity. Similarly, pastoral communities in India differentiate zebu breeds using phenotypic markers such as body
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morphology and color patterns, which have been shown to align with distinct genetic lineages. In the Philippines, the Ifugao classify
carabaos based on physical attributes and functional performance, reflecting generations of selective management adapted to local
agricultural needs. These cross-cultural examples illustrate that, much like the Gayo classification system, indigenous livestock taxonomies
are grounded in rigorous empirical observation and encode both cultural meaning and practical biological knowledge. Collectively, they
highlight a shared global heritage in which traditional ecological knowledge and modern genetic science converge to inform sustainable
livestock management.

Moreover, the role of Gayo buffalo in local agriculture extends beyond livestock; they are woven into the social, cultural, and economic
fabric of the community (Nasution et al., 2021). Buffalo contribute to food security by providing meat and milk, and they play a vital role
in agricultural practices such as tillage and transportation (Maulana et al., 2023). This mirrors the global importance of indigenous livestock,
where local breeds are recognized as key assets for sustainable agriculture and rural livelihoods, particularly in Africa and Latin America
(Gamborg & Sandee, 2005). Sustainable management of these animals is critical, particularly in light of increasing pressures from climate
change and land degradation that threaten biodiversity and food security (Godde et al., 2021).

Recent studies emphasize the importance of integrating local genetic resources like the Gayo buffalo into broader agricultural strategies to
enhance resilience and sustainability (R. Singh et al., 2023). For example, the concept of sustainable intensification highlights the need to
boost agricultural productivity while minimizing environmental impacts, achievable through the use of local breeds adapted to specific
ecological conditions (R. Singh et al., 2023). Additionally, applying ethnoveterinary practices—utilizing local knowledge of medicinal
plants for livestock health—can further enhance the sustainability of buffalo farming in Gayo (Uprety et al., 2022).

Traditional ecological knowledge, particularly the ethnotaxonomy practiced by the Gayo people, is increasingly recognized as a valuable
resource in conservation biology and sustainable development. This knowledge system encompasses the classification and understanding
of local livestock, often overlooked in formal policy-making processes. As noted by (Malcom, 2024), "integrating indigenous knowledge
into livestock policy formulation can enhance the capacity of indigenous communities and policymakers to develop effective livestock
management strategies." This approach is supported by genomic studies on water buffalo, which underscore the need to conserve unique
genetic lineages identified by both traditional and scientific methods (K. Zhang et al., 2020). The case of the Gayo buffalo presents an
opportunity to bridge this gap, combining community wisdom with a scientific approach to livestock management. By acknowledging and
incorporating traditional practices, policymakers can devise more effective and culturally relevant strategies for livestock conservation and
management.

The Gayo ethnotaxonomy system identifies seven distinct horn shapes and four main skin color categories within their buffalo population.
This classification is not merely descriptive; it significantly influences livestock selection, breeding, and utilization. As highlighted by
(Darmawan et al., 2023), "the active participation of livestock keepers and the consideration of indigenous knowledge are crucial for the
sustainable management of genetic resources". The Gayo people's nuanced understanding of their buffalo, which links horn shape and skin
color with traits such as endurance and meat production, exemplifies how traditional knowledge can inform breeding practices. Genomic
analyses have begun to confirm the genetic basis for such phenotypic variations, lending credence to traditional breeding selections (K.
Zhang et al., 2020) Such insights are vital as Indonesia grapples with potential food insecurity and the loss of local genetic resources,
making the conservation of indigenous livestock breeds like the Gayo buffalo increasingly important.

The conservation and sustainable development of indigenous livestock breeds, such as the Gayo buffalo, are essential for maintaining
biodiversity and food security. Mapiye et al., (Mapiye et al., 2019) note that "the sustainable use of indigenous cattle genetic resources is
crucial for enhancing food security and livelihoods in rural areas". Similar principles apply globally, as seen in the management of Criollo
cattle in Latin America, where traditional knowledge is integral to breed conservation and adaptation (Banerjee et al., 2022). Traditional
knowledge systems(Nurasri Mulyani et al., 2024), exemplified by Gayo ethnotaxonomy, offer valuable insights that can inform more
effective and culturally appropriate livestock policies. By integrating these systems into broader agricultural strategies, it is possible to
enhance the resilience of local farming systems while preserving cultural heritage.

This study aims to explore how the ethnozoological knowledge of the Gayo people can be integrated into sustainable buffalo development
policies in Aceh. Incorporating indigenous knowledge into livestock management is crucial for fostering sustainable agricultural practices
that respect local cultures and enhance biodiversity. By examining the complex relationship between traditional classification systems and
livestock traits, this article seeks to provide a framework for policymakers to harness indigenous wisdom in buffalo conservation efforts
and breeding programs. Such integration promotes the preservation of genetic diversity and ensures that development initiatives align with
the cultural values and practices of the communities they serve (Abas et al., 2022; Suwanamphai et al., 2011).

The Gayo people's ethnozoological knowledge encompasses a wealth of information regarding local buffalo breeds, their traits, and their
ecological roles. This traditional knowledge significantly contributes to sustainable livestock management, often including practices that
enhance genetic diversity and resilience against environmental changes (Maria, 2018; W. C. Yang et al., 2011). For instance, studies have
highlighted the importance of indigenous practices in maintaining the genetic integrity of local buffalo populations, which is essential for
their adaptability and productivity(Murni et al., 2020). This is consistent with the FAO's global assessment of animal genetic resources,
which advocates for in-situ conservation supported by local knowledge (FAO, 2007a). Furthermore, incorporating local wisdom into edu-
cational curricula can empower communities and encourage the next generation to engage in conservation efforts, ensuring the continuity
of these valuable practices (Paneru et al., 2021).

Moreover, aligning buffalo development policies with the cultural values of the Gayo people can lead to more effective conservation
strategies. Research indicates that when local communities actively manage their natural resources, the outcomes are often more sustainable
and culturally relevant (Shah et al., 2016; K. V. Singh et al., 2022) . This participatory approach not only fosters a sense of ownership
among community members but also enhances the effectiveness of conservation initiatives by leveraging the unique insights that indige-
nous knowledge provides (Suwanamphai et al., 2011). Therefore, the proposed framework aims to bridge the gap between traditional
ecological knowledge and modern conservation practices, ultimately contributing to the sustainable development of buffalo farming in
Aceh.

The integration of Gayo ethnozoology into sustainable buffalo livestock development represents a significant avenue for enhancing
agricultural practices while preserving cultural heritage. Ethnozoology, which studies the relationship between humans and animals
within specific cultural contexts, can provide valuable insights into sustainable livestock management practices, particularly in regions
like Gayo where local knowledge and traditions play a crucial role in animal husbandry.

Gayo buffaloes, recognized for their efficient feed utilization, are an essential genetic resource in Indonesia, particularly in the Bener
Meriah Regency. The reproductive characteristics of these buffaloes, as documented by as documented by (Nasution et al., 2023) high-
light their potential for sustainable livestock development, emphasizing the need for local breeding programs that align with traditional
practices (Nasution et al., 2023). This aligns with the broader discourse on sustainable livestock systems, which advocates for the inte-
gration of local genetic resources to enhance resilience and adaptability to environmental changes (R. Singh et al., 2023).
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Sustainable livestock practices emphasize the importance of ecological principles in livestock management. For instance, the concept of
sustainable intensification, which seeks to increase productivity without adverse environmental impacts, is crucial for regions like Gayo
where traditional practices can be harmonized with modern agricultural techniques (R. Singh et al., 2023). The role of herbivores, in-
cluding buffaloes, in sustainable agriculture is particularly significant, as they contribute to nutrient cycling and soil health, thereby
enhancing the overall sustainability of farming systems (Ayantunde et al., 2018).

Moreover, the application of ethnoveterinary practices, which utilize local knowledge of medicinal plants for livestock health, can further
support sustainable buffalo livestock development in Gayo. Studies have shown that traditional herbal medicine plays a vital role in
livestock healthcare, providing cost-effective alternatives to conventional veterinary practices (Uprety et al., 2022). This is particularly
relevant in rural areas where access to modern veterinary services may be limited. By harnessing local knowledge of ethnozoology,
farmers can improve animal health and productivity while maintaining ecological balance.

The sustainability of livestock systems also hinges on the socio-economic aspects of farming communities. Research indicates that small-
holder mixed crop-livestock systems can encourage sustainable agricultural practices, as they often rely on local resources and knowledge
(Rudel et al., 2016). In the context of Gayo, integrating ethnozoological knowledge with sustainable farming practices can empower local
farmers, enhance food security, and promote economic resilience (Nasution et al., 2023).

In harnessing Gayo ethnozoology for sustainable buffalo livestock development presents a multifaceted approach that combines tradi-
tional knowledge with modern agricultural practices is important. This integration not only supports the sustainability of livestock sys-
tems but also preserves the cultural heritage of the Gayo people. Future research should focus on documenting and promoting these
practices, ensuring that they are recognized and valued within broader agricultural policies and initiatives.

2. Literature Review

2.1. Conservation of indigenous livestock

The conservation of indigenous livestock genetic resources has become an urgent global priority, particularly in developing countries where
rapid agricultural modernization, land-use change, and climate pressures have contributed to the erosion of local breeds. Indonesia
exemplifies this trend, having lost a significant proportion of its agricultural genetic resources over recent decades due to breed replacement,
habitat degradation, and the expansion of commercial livestock systems(Prihandini et al., 2023). Indigenous breeds, such as the Gayo
buffalo (Bubalus bubalis), hold substantial ecological, cultural, and economic value, yet remain vulnerable to declining population sizes
and unregulated crossbreeding.

Globally, the Food and Agriculture Organization (FAO) emphasizes that local livestock breeds are irreplaceable reservoirs of adaptive
traits shaped by centuries of natural and human selection, contributing to resilience against disease, climatic stresses, and variable feed
conditions(FAQ, 2007b). These traits make indigenous breeds crucial for sustainable agriculture and food security in rural communities,
where production systems often rely heavily on environmental adaptability rather than high-input technologies(Mapiye et al., 2019).
Advances in molecular genetics have strengthened efforts to conserve these resources by enabling precise assessment of genetic diversity
and population structure. Microsatellite markers, in particular, have become widely used due to their high polymorphism, codominance,
and suitability for analyzing genetic variation within and between livestock populations(Pham et al., 2013). Such tools have revealed that
many local buffalo and cattle breeds possess distinct genetic lineages, reinforcing the argument for their conservation and challenging
assumptions that indigenous breeds are genetically inferior to commercial or exotic breeds(Saputra et al., 2020).

In the Indonesian context, molecular studies have increasingly confirmed the genetic uniqueness of local buffaloes, highlighting the
importance of region-specific conservation strategies. This evidence underscores the need to integrate scientific assessments with local
knowledge systems to develop effective conservation policies tailored to the adaptive characteristics and cultural relevance of indigenous
livestock. As conservation challenges intensify—driven by climate change, disease outbreaks, and socio-economic pressures—prioritizing
the protection of genetic resources like the Gayo buffalo is essential for ensuring long-term agricultural sustainability and rural livelihoods.

2.2. Ethnotaxonomy and traditional ecological knowledge in livestock classification

Ethnotaxonomy, a central component of traditional ecological knowledge (TEK), refers to the culturally grounded systems through which
communities classify and understand biological diversity. In livestock-keeping societies, ethnotaxonomic systems are often highly sophis-
ticated, reflecting generations of accumulated empirical observation and cultural transmission. These systems frequently incorporate mul-
tiple phenotypic markers—including morphology, coloration, behavior, temperament, and performance—that serve as practical tools for
management, breeding, and resource allocation(Berlin, 1992). Unlike scientific taxonomies, which rely on formalized morphological or
genetic criteria, ethnotaxonomies integrate cultural meaning with ecological function, thereby offering a holistic perspective on animal
diversity.

In Indonesia, ethnotaxonomic systems play a significant role in shaping livestock management practices. Among the Gayo people of Aceh,
buffalo classification draws on horn morphology, hide color, and other visible traits that are culturally associated with endurance, strength,
and suitability for specific agricultural tasks(S. M. Rahayu et al., 2025). These classifications are not arbitrary; they emerge from long-
term experiential knowledge and reflect the community’s deep engagement with their environment and animals. Similar systems are seen
across other Indonesian ethnic groups, suggesting a broader national reliance on ethnozoological principles in livestock stewardship(IS-
KANDAR et al., 2025).

Globally, comparative studies show that ethnotaxonomy forms a crucial dimension of indigenous livestock management. Kenya, for ex-
ample, classify cattle using horn configuration, coat color, and behavioral traits—markers that correlate with ecological adaptability, milk
yield, and disease resistance(Butt, 2010). In India, pastoral communities differentiate zebu breeds through body morphology and skin
coloration, classifications that have been shown to align with genetically distinct cattle populations(Metta et al., 2004)s. In the Philippines,
the Ifugao categorize carabaos according to physical features and work performance, reflecting adaptation to local agricultural systems and
cultural preferences(Camacho et al., 2016). These cross-cultural parallels demonstrate that ethnotaxonomic systems consistently encode
biologically meaningful information, serving as both cultural expressions and practical management tools.

The growing recognition of TEK within conservation science has prompted scholars to examine how ethnotaxonomic systems contribute
to sustainable livestock development. Ethnotaxonomy provides insights into animal behavior, productivity, disease patterns, and ecological
interactions—dimensions often overlooked in modern livestock breeding programs. Moreover, because these systems are embedded within
cultural practices, they promote conservation outcomes that are socially acceptable and contextually relevant. As such, ethnotaxonomy
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represents not only a repository of indigenous knowledge but also a critical resource for contemporary biodiversity management, particu-
larly in regions where formal scientific monitoring is limited.

3. Material and Methods

The use of an ethnographic method in this research offers a valuable lens through which to explore the sustainable development of
livestock in Indonesia, particularly in the Gayo Lues District of Aceh. Ethnographic approaches enable researchers to immerse themselves
in the community, facilitating a deeper understanding of local practices and beliefs surrounding livestock management. This method has
been effectively employed in various studies to reveal the intricate relationships between indigenous knowledge systems and sustainable
resource management (Bobo et al., 2015). By utilizing diverse data collection and analysis techniques(Mujanah et al., 2022), this study
aims to uncover the rich ethnozoological knowledge of the Gayo people, which encompasses traditional practices, classifications, and
uses of livestock that have been developed over generations (Hassan et al., 2022). In this study, the data collection process began from
April - September 2024. Informant selection employed a purposive sampling strategy, specifically criterion-based selection, to identify
individuals with deep, experiential knowledge of smallholder buffalo farming. The primary criterion for selection was a minimum of 10
years of continuous practical experience in Gayo buffalo husbandry. Initial key informants were identified in collaboration with local
agricultural extension officers, and snowball sampling was then used to locate other experienced farmers, ensuring a representation across
different sub-districts within Gayo Lues. There were 18 informants from livestock farmers, government officials who handle livestock and
community leaders. The findings from the informants were then formulated into issues in the Focus Group Discussion (FGD) involving
some stakeholders of buffalo farming in Gayo Lues. The FGD was structured to first present a summary of key themes from the individual
interviews, which were then used as discussion points to seek confirmation, elaboration, and collective validation from the group. The
FGD comprised 12 participants, including 8 of the initial informants and 4 new stakeholders (e.g., local veterinarians, cooperative repre-
sentatives) to diversify perspectives. A semi-structured discussion guide was used, and the session was audio-recorded and transcribed
verbatim. The synthesis of FGD data involved a qualitative content analysis, where transcripts were coded inductively to identify emergent
themes and then compared with the interview data to triangulate findings and arrive at a consensus on the collective knowledge. From
them, most of the ethnozoological knowledge of the Gayo people is not only a repository of cultural heritage but also a potential resource
for sustainable livestock management. Previous studies have demonstrated that indigenous knowledge can significantly enhance conser-
vation efforts and agricultural practices by providing insights into local biodiversity and ecosystem dynamics (Braga et al., 2019). For
instance, Hassan et al. emphasize the importance of understanding the relationship between communities and their natural resources as a
foundation for effective conservation strategies (Hassan et al., 2022). For qualitative analysis, all interview and FGD transcripts were
analyzed using thematic analysis. This involved a multi-step process of familiarization with the data, generating initial codes, searching
for themes, reviewing themes, and defining and naming themes(Sjachriatin et al., 2023). The analysis was conducted manually and cross-
checked by two researchers to enhance reliability, with any discrepancies resolved through discussion. This research seeks to contribute
to the academic discourse on ethnozoology by highlighting the relevance of traditional ecological knowledge (TEK) in contemporary
agricultural practices, thereby bridging the gap between indigenous wisdom and modern sustainability initiatives (Alves et al., 2014).
Moreover, the practical implications of this research extend to policymakers and stakeholders interested in integrating traditional
knowledge into modern agricultural practices. By documenting and analyzing the ethnozoological practices of the Gayo people, this
study aims to provide actionable insights that can inform policy decisions and development programs. The integration of local knowledge
into policy frameworks has been shown to enhance the effectiveness of conservation strategies and promote community engagement in
sustainable practices(Ganje et al., 2021). As noted by Svanberg, understanding local food systems and cultural practices is essential for
developing strategies that are not only ecologically sound but also culturally appropriate (Svanberg, 2021). Thus, this research aspires to
serve as a model for incorporating indigenous knowledge into sustainable livestock development policies in Aceh and beyond.

4. Results

In the rich cultural heritage of Indonesia, the Gayo people in Gayo Lues Regency possess a profound traditional knowledge system regard-

ing buffalo, locally referred to as "koro." This knowledge not only reflects a practical understanding of livestock but also represents a

cultural heritage that demonstrates the close relationship between the Gayo people and their buffalo. The general knowledge of the Gayo

people about buffalo is typically based on skin color and horn shape.

The Gayo buftalo, scientifically known as Bubalus bubalis or swamp buffalo, genetically possesses 48 pairs of chromosomes. Physiologi-

cally, Gayo buffalo are considered to have unique characteristics, which are:

a) Calm Temperament: Gayo buffalo are generally known for their calm and docile nature, making them easy to maintain and manage.

b) Endurance: Gayo buffalo exhibit exceptional endurance in conditions of limited feed, water scarcity, and resistance to parasites like
lice and worms.

c) Adaptability: Their superior adaptability to critical environments makes them ideal livestock for areas with challenging environmental
conditions.

d) Stamina: Known for their strong energy, they can walk long distances without fatigue and live in groups led by a dominant alpha
female (Ulu Tawar).

According to research published by Nasution, et al., (Nasution et al., 2023) the Gayo people have a highly detailed classification system

for buffalo based on their horn shape. Each type has its own characteristics and value:

1) Koro Cawing/Gaweng/Kantih

e Distinctive feature: One horn points upward, the other downward

e Gender dominance: Mostly female

e (Cultural significance: Considered unique and intriguing

e Rarity: Male Koro Cawing is very rare
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Fig. 1: Koro Cawing/Gaweng/Kantih Horn Shape.

Koro Gonok

Horn morphology: Both horns point downward and/or backward

Uniqueness: Some individuals have horns that are not firmly rooted

Special characteristic: The horns may wobble and produce sounds when they collide
Economic value: Male Koro Gonok has a very high market price

Fig. 2: Koro Gonok Horn Shape.

Koro Gampang

Horn shape: Points upward and widens

Gender distribution: Balanced between male and female (50:50)
Color correlation: Often found in jet-black buffalo (Segem)

S

Fig. 3: Koro Gampang Horn Shape.

Koro Cakah/Cat or Durung

Horn characteristic: Points upward without inward curvature

Gender dominance: Mostly female

Growth pattern: Horn tips tend to widen while continuing to point upward

Fig. 4: Koro Cakah/Cat or Durung Horn Shape.

Koro Rukup

Horn shape: Grows backward with curvature

Local belief: Believed to excel in male combat

Reason for superiority: The horn shape makes it easier to injure opponents
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Fig. 5: Koro Rukup Horn Shape.

Koro Rebah/Kemiring

Horn morphology: Grows horizontally to the left and right proportionally
Gender dominance: Very rare in male buffalo

Visual characteristic: Provides a unique and easily recognizable appearance
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Fig. 6: Koro Rebah/Kemiring Horn Shape.

Koro Gupik or Gope

Uniqueness: No horns or very small horns

Rarity: Very rarely found among buffalo groups
Significance: Considered an interesting genetic variation

e

Fig. 7: Koro Gupik or Gope Horn Shape.

In addition to knowledge about buffalo based on horn shapes, the Gayo people also classify buffalo based on skin color. Knowledge of
skin color is also an important criterion in the classification of Gayo buffalo. According to research, Gayo buffalo can be categorized by
skin color as follows:

a)

b)

d)

€)

Koro Segem

General characteristic: Marked by jet-black skin with a large body posture, solid bone structure, and optimal meat growth.

Strength: Strong physique, high energy, and higher meat weight (up to 10% heavier than other types of the same age and gender). This
buffalo is commonly used as a working animal (pulling loads in forests or fields) and as a meat producer.

Koro Jeged

General characteristic: White skin with a slightly reddish hue. This type is divided into two: one with albino traits, where the eyes are
also white, and the other with white skin but black or spotted eyes. The latter is a naturally white-skinned buffalo.

Characteristics: Slower meat growth and lower physical strength. However, this buffalo has a high market value for traditional cere-
monies, and its horns are often ivory-colored (yellow-brown or yellow with black patterns).

Koro Impil-impil

General characteristic: Dark grayish-black or brownish skin. The buffalo's body is often covered with white or reddish-brown hair in
certain areas.

Growth: Approaching the quality of Koro Segem. Its meat production is slightly lower than Segem, making it the second ideal meat
producer after Segem.

Koro Sawak

General characteristic: Similar to Impil-impil but with white skin in certain areas, including around the eyes, neck, legs, and abdomen.
Subcategories:

Sawak Bunga: Characterized by a white ring around the eyes. Its meat growth is moderate, making it the third-best buffalo for meat
production.
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f) Sawak Batu: Features white patterns on the inner front legs and white rings on the neck, back legs, and lower abdomen. Its meat
condition and growth are generally the same as Sawak Bunga.

This classification of buffalo by the Gayo people, based on both horn shapes and skin color, reflects a deep understanding of their livestock

and offers a unique system for managing and conserving the genetic diversity of Gayo buffalo.

5. Discussion

In the lush landscapes of Aceh, Indonesia, the Gayo buffalo (Bubalus bubalis) exemplifies the intricate relationship between local com-
munities and their livestock. The Gayo people have cultivated a profound understanding of these animals, which is reflected in their
sophisticated ethnotaxonomic system. This system categorizes buffalo based on observable traits such as horn shapes and skin colors and
embodies a rich repository of traditional ecological knowledge that is crucial for sustainable livestock development policies. Such
knowledge systems provide insights into the adaptation of livestock to local environmental conditions, enhancing resilience against
climate variability and contributing to food security (Amam, Luthfi, et al., 2024).

The Gayo people's classification of buffalo is more than just cataloging; it integrates physical characteristics with essential traits such as
endurance, energy output, and meat production. This ethnotaxonomy identifies several distinct categories of horn shape and hide color,
each associated with specific qualities advantageous for various purposes, including work and meat production. In simple terms, the
Gayo people's knowledge matrix of buffalo horn shape and hide color combinations can be described as follows:

Table 8: Matrix Combination of Horn Type and Skin Color of Buffalo/Koro associated with Livestock Function

Buffalo/ Segem Jeged Impil-impil Sawak
Koro Horn
Shapes and  Endurance Energy = Meat Endurance Energy Meat Endurance Energy Meat Endurance Energy Meat
Skin Color
Caweng/ fdedr bk FH++ 4+ + 1 + +++ T O S R O S S 8 ++ ++
Gaweng
Gonok +++ +4++ ++++ A+ ++ + ++++ ++ +++  ++++ ++ ++
+++ +4++
Gampang ++++ ++++ ++++ ++4+ ++ + ++++ . +++  ++++ . ++
+4++ +++
Dy ++++ +4+4++  ++++ +++ ++ + ++++ +++  ++++ ++
Cakah + +
+4++ +++
Rukup ++++ +4+++  ++H++ A+ ++ ++ + ++++ N +++  ++++ N ++
Rebah +++ +++ +++ +++ ++ + +++ ++ +++  +++ +4++ ++
SOD% ++++ ++ ++++ A+ ++ + ++++ ++ +++  ++++ ++ ++
upi
Source: Research Analysis, 2020 updated 2024
Description
+ = Less Good/Minim
++ = Good
-+ = Good Enough
o+ = Very Good

Based on this matrix, it can be seen that several types of buffalo are preferred for breeding, while others are generally avoided. By
referring to this traditional knowledge, the relevance of akain in the context of sustainable livestock development can be seen. Through
a technical approach, the most important thing that can be done is to encourage the breeding of buffalo species with maximum value in
three aspects. Leveraging local knowledge of livestock farming patterns will emphasize the importance of adaptation and local practices
that have developed over generations(Amam, Jadmiko, et al., 2024; Munadi et al., 2021). Furthermore, government policies that support
smallholder livestock farming, such as disease control and feed subsidies, play a crucial role in enhancing the effectiveness of these
traditional systems (Hadi et al., 2023).

The Gayo buffalo's classification system not only aids in the selection of animals for specific tasks but also reflects a broader understand-
ing of the ecological and economic dimensions of livestock farming. The integration of traditional knowledge with modern agricultural
practices can lead to improved livestock productivity and sustainability. For instance, the use of locally adapted breeds, as indicated by
the Gayo's ethnotaxonomic practices, can enhance resilience to environmental stresses, thereby ensuring a more sustainable approach to
livestock management (Koura et al., 2023). Additionally, the interplay between traditional practices and contemporary agricultural poli-
cies can foster a more robust livestock sector that meets the demands of both local and global markets (Soedjana & Priyanti, 2017).

In other word the Gayo buffalo serves as a critical link between the Gayo people's cultural identity and their agricultural practices. The
ethnotaxonomic classification of buffalo illustrates the depth of traditional ecological knowledge and highlights its potential contributions
to sustainable livestock development policies. By recognizing and integrating these traditional systems with modern agricultural strate-
gies, stakeholders can enhance the resilience and productivity of livestock farming in Indonesia, ensuring food security and sustainable
livelihoods for local communities (K. Zhang et al., 2020).

Based on the classification of horn shapes, skin colors, and the orientation of their benefits, Gayo buffaloes have at least three important
implications for the Gayo society, as follows:

1) Economic Value

a) The selling price varies based on the combination of horn shape and skin color

b) Some types have special value for traditional ceremonies

2) Practical Use

a) Selection of work animals based on physical characteristics

b) Selection for breeding and meat production

3) Knowledge Heritage

a) The classification system reflects a deep understanding of livestock genetics

b) Knowledge is passed down through generations

The ethnotaxonomy of buffalo in the Gayo community is a complex and highly valuable system of knowledge. The classification based on
horn shapes and skin colors not only reflects a practical understanding of livestock farming but is also an integral part of Gayo's cultural
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heritage. This system enables the community to effectively select and manage livestock according to their needs and goals, while also
maintaining the genetic diversity of local buffalo.

Particular interest is the community’s identification of superior buffalo types. Black (Segem) buffalo with specific horn shapes (Gampang,
Durung/Cakah, or Rukup) are considered the best overall, balancing endurance, energy, and meat production. This knowledge, passed
down through generations, provides a ready-made framework for selective breeding programs aimed at improving buffalo productivity
while maintaining genetic diversity. The implications for sustainable livestock development policies are significant, particularly when
traditional knowledge is integrated into formal breeding and conservation programs. By recognizing the ethnotaxonomic classifications
developed by the Gayo community, policymakers can achieve multiple objectives, including the preservation of diverse local genetic
resources, the identification of superior breeding stock, and the tailoring of conservation efforts to buffalo types with desirable traits.
This approach aligns with findings that emphasize the importance of integrating traditional ecological knowledge (TEK) into conserva-
tion strategies, as it can enhance the effectiveness of biodiversity management and promote sustainable practices (Brooks et al., 2012;
Irakiza et al., 2016).

Moreover, promoting traditional husbandry practices that maintain genetic diversity is essential for ensuring the long-term sustainability
of the buffalo population. The Gayo community's understanding of their livestock, which includes knowledge of specific traits linked to
productivity and resilience, can inform breeding programs that prioritize local adaptations. Such practices not only contribute to the
ecological integrity of livestock populations but also support the socio-economic stability of the communities involved (E. S. Rahayu et
al., 2020; Riley, 2010). The recognition of traditional knowledge in policy frameworks can facilitate community engagement in conser-
vation efforts, fostering a sense of ownership and responsibility for managing genetic resources (Alemayehu et al., 2022; Waylen et al.,
2010).

The value of this ethnozoological knowledge extends beyond productivity; it embodies a cultural heritage that connects the Gayo people
to their environment and history. Policies that validate and incorporate this knowledge can strengthen community ties and enhance local
stewardship of biodiversity. Successful community-based conservation initiatives often rely on the active participation of local
knowledge holders, which can lead to more effective and culturally relevant conservation outcomes (Haenn et al., 2014; Savage et al.,
2010). This is particularly relevant in the context of global challenges such as food security and biodiversity loss, where integrating local
knowledge with scientific approaches can yield more holistic and effective policies (Sularso et al., 2023; J. Yang et al., 2018).

As we navigate the complexities of sustainable livestock development, the case of the Gayo buffalo in Aceh serves as a compelling model.
It illustrates how traditional ecological knowledge can complement scientific methods, resulting in policies that not only meet human
needs but also preserve the rich biodiversity and cultural heritage of local communities. By bridging the gap between ancestral wisdom
and contemporary conservation practices, stakeholders can create frameworks that enhance both agricultural productivity and ecological
sustainability (Fajardo Cavalcanti de Albuquerque, 2020; Gilles et al., 2013).

Based on previous discussions, analytical diagrams can be used to visualize findings and key relationships can be simplified with the
following chart:
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Fig. 9: Diagrams findings about Hamessing Ethnozoology for Sustainable Buffalo Livestock Development in the Gayo Lues.

Source: Research Analysis, 2024.

The ethnozoological knowledge system of the Gayo people regarding buffalo is a complex framework that integrates traditional ecolog-
ical knowledge with modern scientific understanding. This system reflects a sophisticated approach to livestock management that has
evolved over generations, offering valuable insights for contemporary sustainable livestock development policies.

1) Integration of Traditional Knowledge and Modern Practices

The Gayo classification system for buffalo, which is based on observable traits such as horn shapes and skin colors, exemplifies a nuanced
understanding of buffalo genetics and phenotypic expression. This traditional knowledge aligns with modern genetic science, particularly
in the identification of phenotypic markers. For instance, the correlation between physical characteristics and traits like endurance and
meat production suggests that the Gayo people possess an intuitive understanding of genetic markers, akin to findings in other buffalo
populations where genetic diversity has been assessed through microsatellite markers (Marques et al., 2011; Uffo et al., 2017). Further-
more, the Gayo's selective breeding practices, which favor specific combinations of buftalo types (e.g., black Segem buffalo with Gam-
pang, Durung/Cakah, or Rukup horns), indicate a sophisticated breeding program that predates modern animal husbandry practices. This
is supported by studies showing that traditional breeding methods often reflect deep genetic insights, as seen in the genetic relationships
among various buffalo breeds (Joshi et al., 2013; Vijh et al., 2008).

2) Economic Implications

The economic dimension of the Gayo buffalo classification reveals a complex valuation system that influences market dynamics. Differ-
ent buffalo types command varying market prices, thereby creating a natural incentive for maintaining genetic diversity. This economic
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aspect is crucial, as it aligns with findings from other regions where market differentiation based on genetic traits has been shown to
support conservation efforts (de Jager et al., 2020; Kathiravan et al., 2009). Additionally, certain buffalo types, particularly those utilized
in traditional ceremonies, carry a cultural premium that adds value beyond their practical utility. This cultural significance is echoed in
the literature, which highlights how traditional livestock breeds often hold intrinsic value within their communities, thereby reinforcing
their economic worth (Groeneveld et al., 2010; Sun et al., 2020).

3) Sustainability Framework

The Gayo buffalo classification system inherently promotes sustainable livestock practices. By recognizing and valuing different buffalo
types, the system contributes to the preservation of genetic diversity, a critical factor for resilience in livestock populations. Studies have
demonstrated that genetic diversity is essential for the adaptability of livestock to changing environmental conditions (Ali et al., 2022;
Y. Zhang et al., 2007). Moreover, the adaptive management aspect of the Gayo classification allows for targeted breeding and selection
based on specific needs and environmental conditions, which is a key principle in sustainable livestock management (Tantia et al., 2006).
This approach not only enhances the productivity of livestock but also ensures the long-term viability of buffalo populations in the face
of ecological changes.

4) Cultural Preservation and Knowledge Transfer

The ethnozoological knowledge system of the Gayo people serves as a repository of cultural heritage, reflecting and preserving their
cultural identity. The detailed classification system is not merely a practical tool but also an educational mechanism that facilitates
knowledge transfer between generations. This continuity of knowledge is vital for maintaining sustainable practices, as evidenced by
studies that emphasize the importance of traditional ecological knowledge in contemporary conservation efforts (Hartoyo et al., 2023;
Triwitayakorn et al., 2006). The integration of traditional practices with modern scientific approaches can enhance the effectiveness of
livestock management strategies, ensuring that cultural heritage is preserved while adapting to new challenges.

The ethnozoological knowledge system of the Gayo people regarding buffalo represents a sophisticated framework that integrates cultural,
economic, and practical dimensions of livestock management. This system not only offers valuable insights for modern sustainable
livestock development policies but also underscores the importance of traditional knowledge in contemporary agricultural practices.

6. Conclusion

The Gayo community's ethnozoological knowledge of buffalo has great potential as a framework for sustainable livestock management.
This knowledge system uniquely integrates three main aspects: preservation of genetic diversity, economic viability, and cultural preser-
vation. This traditional approach shows how local classification systems can complement modern scientific methods, providing rich in-
sights for community-based livestock development. The survival of local buffalo varieties in this region is highly dependent on the preser-
vation of cultural practices that have been passed down from generation to generation.

In the context of policy development, this ethnozoology-based approach can be realized through several strategic steps. Integrated conser-
vation programs need to be designed to combine the traditional knowledge of the Gayo community with modern scientific approaches,
creating a mutually supportive partnership between traditional knowledge holders and animal scientists. In addition, economic support
mechanisms can be designed by providing market incentives, such as special certification for traditionally bred buffalo. This will not only
preserve local varieties but also increase the economic added value for the community.

Cultural preservation also plays an important role. Traditional knowledge systems need to be systematically documented and digitized so
that they are not lost over time. Cultural-based education programs can be a means to ensure intergenerational knowledge transfer. In
addition, research and development are needed to validate traditional classification systems through modern genetic analysis and develop
breeding programs that combine traditional and scientific methods. To support these steps, policies that recognize traditional breeding
practices and establish institutional mechanisms for local communities to contribute to policy-making are essential.

However, the implementation of these integrated policies faces several potential challenges. Securing consistent and adequate funding for
long-term conservation and breeding programs remains a primary obstacle, particularly in resource-constrained settings. Limited infra-
structure, such as facilities for genetic analysis, veterinary services, and training centers, could hinder the practical application of these
programs. Effective stakeholder coordination among various government agencies, research institutions, and local communities is complex
and requires clear communication channels and shared objectives to avoid conflicts or duplicated efforts. Furthermore, scaling a certifica-
tion system for traditionally bred buffalo in remote areas may be challenging due to logistical issues, costs of verification, and the need to
build market recognition and trust. A phased, pilot-scale approach to certification, leveraging existing local governance structures and
exploring public-private partnerships, could provide a more feasible pathway for implementation under such constraints.

The strategy for implementing the program can start with short-term steps, such as documentation of traditional knowledge and pilot
research projects, which then develop into integrated breeding programs and certification systems in the medium term. In the long term,
full integration of traditional knowledge into national policies, development of sustainable market mechanisms, and establishment of ge-
netic banks for traditional varieties are the main targets.

Another thing that can be done from these results is the opportunity for further research that concerns at least two things. First, scientific
validation of traditional classification systems through modern genetic analysis can strengthen the synergy between science and tradition.
This approach not only confirms the accuracy of local knowledge but also provides a scientific basis for wider application. Second, evaluate
the effectiveness of traditional buffalo certification programs in improving farmer welfare and genetic conservation. This can provide
important insights for the development of conservation-based economic policies. This research is expected to be able to bridge the interests
between cultural preservation, environmental sustainability, and local community welfare.
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