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ABSTRACT 
 

The processes by which individuals learn how to perceive, interpret and think 

about their environment are not completely understood. Sixty years of 

anthropological studies of indigenous environmental knowledge have largely 

focused on language-like classification systems. These studies typically revolve 

around (a) conceptual knowledge such as categories, taxonomies and the 

functionality of certain flora and fauna and (b) the social mechanisms such as 

language through which they are transmitted. These approaches have been 

successful in highlighting variation and continuity between cultures, but more 

recent studies have shown that environmental knowledge varies within cultures 

and communities. Research conducted in Bali, Indonesia demonstrates how social 

labor and symbolic systems may influence several aspects of environmental 

knowledge, such as perceptual skills, interpretive metaphors and emic models of 

ecological interactions. The findings in this study address gaps in the literature on 

how indigenous environmental knowledge emerges, and also supplements the 

largely theoretical literature on the phenomenology and epistemology of labor. 
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I. BACKGROUND 
 

Previous studies of indigenous knowledge1 of the environment have 

largely followed a structuralist methodology, assimilating ethno-ecological terms 

into generalized language-like classificatory schemes (Conklin 1955; Lévi-Strauss 

1966; Berlin and Kay 1969).  By using terms and taxonomies as data, these 

studies inherently position culture as the unit of analysis for understanding the 

“cognized environment” (Rappaport 1968) and thus posit culture as its most 

important determinant (Kuper 2000). However recent studies (Ellen 1979; Atran 

and Medin 2008) have found variation in indigenous knowledge within small, 

culturally homogeneous communities. Understanding this variation requires a 

shift in perspective from the transmission of a language-like body of knowledge, 

to the ways various forms of environmental knowledge are acquired by 

individuals. Such a shift in perspective, from the content of a fixed and 

unchanging corpus of environmental knowledge to the question of how it emerges 

from experience, is necessary if we are to account for the observed variation.  The 

research in these articles investigates the role of symbolic structures, experience 

and social labor in defining the content and modes of transmission of indigenous 

environmental knowledge in Bali, Indonesia.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Though the term is now most often used outside of cognitive anthropology, I will use the term 
“indigenous knowledge” to refer to perceptual, metaphorical and cognitive understanding of the 
environment.  
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This research took place in Balinese villages and cities and among Hindu 

and Muslim communities.  Bali has been the ethnographic source for a number of 

culturalist studies in 20th century anthropology (Geertz 1966; Geertz and Geertz 

1978; Lansing 1983).  This research built on and supplemented this heritage and 

the long tradition of studies of Balinese personality (Belo 1970 [1936]; Bateson 

and Mead 1942), by investigating the processes by which environmental 

knowledge emerges from symbolic systems and lived experience. Bali is 

particularly appropriate for this inquiry for four reasons.  First, the central role of 

temples and rituals in society generates a symbolically charged social space in 

which information about natural processes is shared and communally experienced 

(Geertz 1966; Lansing 1983, 1991 and 2006). Second, village institutions such as 

irrigation associations  (subaks) provide regular channels of communication (both 

discursive and ritualized) that allow for conceptual and symbolic systems to be 

communally shared.  Third, there is well-defined variation in social status and 

(more importantly for such a study) occupation based on the Balinese caste 

system, which orders, to varying degrees, occupations within a community.  

Artisan, performer, farmer and priest live in the same village and communicate 

everyday, but do not have similar labor activities.  Fourth, in the past half century 

tourism has had an ever-increasing impact on Balinese highland villages.  There is 

an established service sector in highland Bali in which individuals live in their 

natal villages but work in nearby tourist centers.  These aspects of Balinese 
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villages create a community which shares a communal symbolic world yet is 

differentiated with regard to labor and occupation and thus experience. 

As Mauss (2006 [1935]) and Bourdieu (1977) have argued, knowledge 

and cultural transmission take place at quotidian levels of habit, including social 

labor, as well as symbolic transmission between individuals within groups.  In 

contemporary Bali, though younger generations are connected to urban culture 

and have occupations not connected to village life, many symbolic systems such 

as religion and ritual as well as institutions like temples and subaks remain central 

to their communal experiences.  This study examined what parts of indigenous 

environmental knowledge are affected by changes in daily labor and illustrate 

which parts of indigenous Balinese environmental knowledge are subject to 

cultural erosion through globalizing processes.   

Theoretical issues: Cognition, Metaphor, Perception and Experience 

Building on Scott Atran and Douglas Medin’s investigations (2002, 2004, 

2005 and 2008) that showed significant variation in environmental knowledge 

within communities, this project focused on (a) the conceptual linking of elements 

within an environment, (b) the metaphorical interpretation of animal behavior and 

(c) the perceptual processing of environmental stimuli by individuals situated at 

contrasting sites in the symbolic and experience hierarchies of Balinese society.  

Atran and Medin observe that conceptual knowledge, in particular biological 

terms and taxonomic categories, exists as a series of cognitive representations and 

models of the environment (2008).  However, their analysis of subjects’ 
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knowledge of the environment does not explicitly address the question of how 

subjects relate to their environment using multiple or varied cognitive 

mechanisms.  This focus on one form of knowledge, such as taxonomic or 

ecological, is common to anthropological studies of indigenous knowledge, which 

concentrate on knowledge content but do not directly address the processes by 

which individuals perceive or experience stimuli from the surrounding 

environment, or what phenomenologists like von Uexküll (1957), termed the 

umwelt. Yet over the last 40 years, psychological studies of perception have 

shown that the same environmental stimuli can be processed in different ways, 

leading to varying perceptual skills and interpretive techniques (Berry 1966; 

Pontius 1997; Ji et al 2000; Kitayama et al 2003; Nisbett 2003; Miyamoto et al 

2006).  The perceptual skills of informants, which have long mesmerized 

anthropologists (Rivers 1901; Turnbull 1961; Lévi-Strauss 1973; Lee 1980; Scott 

1999), are based both on a subject’s ability to discern, for example, different 

species of beetle in an apparently homogeneous group or recognize subtle 

interactions between environmental entities. But such skills are not merely 

realizations of a shared background knowledge of phylogenetic relationships. 

They also require active perception acquired through experience (Gibson 1979; 

Ingold 2000) and may be more sensitive to the effects of praxis than other forms 

of environmental knowledge. 

 Anthropological emphasis on environmental terms and taxonomic 

structure has often overlooked interpretive elements of a subject’s interaction with 
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the natural world.  Two recent works that do address interpretive aspects of 

environmental knowledge, Valeri’s (2000) ethnography of the Huaulu in eastern 

Indonesia and Ingold’s collection of essays on the Sámi in the circumpolar region 

(2000), focus on emic views of animal behavior.  They both build comprehensive 

and intricate cognitive frameworks to convey the structure and content of ethno-

ethological knowledge. Other studies (Lakoff and Johnson 1980; Bird-David 

1990) trace how interpretative accounts of environmental characteristics follow 

metaphorical constructs.  Currently, indigenous interpretations of animal behavior 

within anthropology, including those of Ingold, Bird-David and Valeri, remain 

both qualitative and use culture as the comparative unit.  If standardized methods 

borrowed from experimental psychology are used, we may learn more about 

internal variation of interpretive and metaphorical structure and how such systems 

arise. 

To investigate variation in perceptual skills and cognitive models, this 

study distinguished between knowledge gained from general observation and that 

derived from labor or interactive activities.  The willful interaction with the 

environment in the process of social labor, framed as praxis in the Marxist 

tradition, exists as a particular type of direct experience. Thus Habermas argues 

that the “knowledge constitutive interest” of labor produces specific forms of 

instrumental knowledge (Habermas 1984). Unlike simple observation, praxis 

requires types of categorical knowledge and perceptual skill that are needed to 

understand and anticipate aspects of the environment relevant to a specific goal 
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(Ingold 2000).  For instance, the cognitive and perceptual knowledge needed to 

hunt a reindeer is not necessarily the same as to raise one (Ingold 1980).  The 

interesting question posed by the Marxian tradition, but left unanswered in 

anthropological studies of indigenous knowledge, is the relationship between 

subject position as it emerges from a particular social structure or historical 

context, and the forms and content of environmental knowledge. By linking 

praxis or social labor with perception, cognition and the emergence of specific 

forms of environmental knowledge, this research attempted to bridge the gaps 

between structuralist models of indigenous knowledge, cognitive studies of 

perception, and the anthropological insight that knowledge emerges from social 

experience. 

This research addressed the question of the genesis of this variation, a 

question that does not arise from within the horizons of structuralist analysis, by 

drawing on insights from cognitive psychology as well as older traditions of 

Marxian and phenomenological analysis.  

Studies of Experience and Labor 

Beyond addressing gaps in the literature on indigenous environmental 

knowledge, this research sought detailed empirical evidence to supplement the 

largely theoretical literature on the phenomenology and epistemology of labor.  

Within anthropology, the efficacy of labor in shaping human knowledge has 

remained conjectural when compared to the concrete research that has 

investigated symbolically transmitted knowledge. Whether the experience of 
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reality is derived from symbolic ordering (Lévi-Strauss 1966), through 

negotiation (Puglisi 2008) or as an adaptive “meme” (Dawkins 1976), knowledge 

has been seen as derived from social learning. Though no experience of cognized 

reality stands in complete isolation from the effects of socialization, there remains 

the possibility that some information is received through observational experience 

and labor conducted on the environment and that this information shapes 

knowledge (Heidegger 1962 [1927]; Reed 1996).  The product of direct 

experience has been documented in ethnographies when an anthropologist notices 

an informant’s agility, perceptual awareness and skill in performing an apparently 

difficult task.  The process whereby such skills develop through interacting with a 

physical environment has been understudied and theorized with only a few 

notable exceptions (see Ingold 2000). 

The importance of praxis for epistemology was most famously developed 

by Marx in Capital (1992 [1867]).  In the section on The Labour-Process, Marx 

argues that through laboring on the environment the laborer shapes not only the 

physical object of his labor, but also himself.  Though the most common strand of 

interpretation of Marxist thought on labor has been its generation of class-

consciousness, for Marx praxis had more subtle meaning for the individual 

subject outside of social organization.  Additionally, Marx elaborates that the 

human faculties of thought and experience are synthesized with the natural world 

through praxis (Schmidt 1971).  Later, Engels in The Dialectics of Nature (1940 
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[1883]), would produce a theory that bodily instruments such as the hand and 

mind were the product of generations of laboring on the environment.  

Though not given extensive attention in ethnography studies, this aspect of 

Marxist theory on the role of labor in altering perceptions and conceptions of the 

natural world has inspired major movements of social theory in the 20th century, 

including the 2nd Frankfurt school and the field of phenomenology. Habermas 

(1972) claims that Marx’s preference for labor, rather than symbolic systems, as 

the driving force behind epistemology is a critical juncture in Western thought. 

Within anthropology, Marxist theorists, such as Eric Wolf and Maurice Bloch, 

tended to focus on hierarchy and class interaction rather than on the effects of 

praxis. Claude Meillasoux’s work (1991) on slavery argues that extreme social 

hierarchy affects the phenomenology of experience.  Because Meillasoux’s 

studies were on large historical and social scales, the indirect results of hierarchy, 

such as dramatic variation in praxis were not examined in detail.  The most 

comprehensive Marxist treatment of materialism and praxis came from Maurice 

Godelier.  However, his work (1996 [1984]) did not carry out detailed observation 

of variation in praxis and knowledge in specific cases. Influenced by Marx and 

Mauss (2006 [1935]), Bourdieu (1977) also addressed how cultural transmission 

is intertwined with prescribed actions (habitus).  His work calls for an 

examination of non-linguistic forms of culture through embodied actions that are 

then synthesized back into extensive cultural schemes.  Both Mauss and Bourdieu 

developed methods for understanding how labor can be instrumental to an holistic 
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understanding of ontology but do not attend to the generative power of praxis 

outside of its symbolic reinforcement of structure.  Moreover, neither have a 

standardized or experimental means of recording and analyzing the cognitive and 

perceptual affects of action.  This research adds an empirical dimension to the 

venerable Marxian analysis of praxis and its anthropological offshoots, by 

combining ethnographic observation and surveys with perspectives and 

techniques borrowed from cognitive psychology. 

Research Methodology 

This research combined the traditional methods of ethnography with 

several techniques developed in experimental psychology and cognitive science.  

I undertook eight months of research in the region of Gianyar in Bali.  During this 

time, I conduct experiments on three aspects of indigenous environmental 

knowledge. First, I used a method developed by Atran and Medin (2002 and 

2008) for quantifying how individuals understand ecological relationships by 

building emic food webs. Second, to understand how individuals interpret animal 

behavior, I followed the protocols used by psychologists (Morris et al 2001) by 

using photographs and videos to quantify subjects’ interpretations of animal 

behavior.  Third, I used the methods from the inversion technique (Diamond and 

Carey 1986) to test for differences in perceptual techniques among Balinese for 

roosters. 

These results from experiments and observations inspired by cognitive 

science studies are combined with information from existing ethnographies, 
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questionnaires, interviews and insights from participant observation.  The region 

of Gianyar and surrounding highland areas of Tabanan were the sites for 

influential anthropological studies by Belo (1970 [1936]) Bateson and Mead 

(1942), Geertz (1963), Geertz and Geertz (1978) and Lansing (1983, 1991, 2006). 

These excellent works provide an historical perspective and cultural analysis 

connecting environmental knowledge with larger social processes and cultural 

institutions.  

Background and Significance: Studies of Indigenous Environment Knowledge 

This research is an attempt to shift the analysis of indigenous 

environmental knowledge from a synchronic structuralist paradigm to an 

investigation of the historically situated production of knowledge linked to subject 

positioning in a complex society. Studying indigenous environmental knowledge 

is not new to anthropology. Early ethnologies (Frazer 1900; Lévy-Bruhl 1923) 

used ethnographic accounts of how societies linked cause and effect regarding 

ecological relationships to build mentalist theories of religion. Ethnographic 

analysis (Conklin 1955; Frake 1962; Lévi-Strauss 1966; Rappaport 1968; Berlin 

and Kay 1969) in the middle of the 20th century demonstrated the remarkable 

variation in how cultures understood, valued and conceptualized their 

environment.  This research typically focused on how societies (a) organized the 

biological world (folk-taxonomy), (b) understood nonliving aspects of the natural 

world such as color (ethno-science), and (c) viewed the interaction among 

biological and physical entities (folk-ecology).  
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Explanations for what shapes folk-taxonomy, ethno-science and folk-

ecology typically have followed the larger division within anthropology between 

theories that preference the culturally meaningful and those that favored the 

materially practical.  The former most often rooted indigenous knowledge of the 

environment in culturally generated symbolic systems that are linguistically 

inherited. Some (Lévi-Strauss 1963; Sahlins 1978; Descola 1996) saw such 

knowledge and its organization as a reflection of a mental structure. Others placed 

metaphor and affective values (Bird-David 1990) as the important mechanisms 

behind indigenous knowledge.  Psychosocial desires to separate the social and 

natural world (Douglas 1966; Valeri 2000) have also been given a central role in 

how groups develop symbolic systems and preferences regarding the natural 

world. 

The alternative to the symbolic explanatory model placed utility as the 

organizing principle behind environmental knowledge (Hunn 1978).  This view 

situated multiple aspects of culture under an adaptive system, making indigenous 

knowledge materially utilitarian.  They contended that folk-taxonomy is heavily 

skewed toward knowledge of useful species (Hunn 1982) and that the hierarchy of 

certain taxonomic structure did not correspond to other symbolic hierarchies 

within a society (Hunn 1978).  The intricacy of knowledge about the inanimate 

material world (ethno-science) was bound to functional levels of complexity of a 

given society and divisions of labor (Berlin and Kay 1969), rather than mental 

structures (Lévi-Strauss 1966).  Instead of being cultural expressions, “irrational” 



 

 

18	  

values about the natural world were materially based (Harris 1966; Sahlins 1972) 

and existed as part of a holistic functional system (Rappaport 1968). 

As discussed in the introduction, previous studies in this field paid little 

attention to variations in how individuals cognitively and phenomenologically 

relate to the natural world.  In particular, ethnographic studies typically focused 

on how the environment is understood at conceptual and categorical levels 

(taxonomies, causal interactions or affective statements) without addressing how 

perceptions and metaphorical constructs differ and are formed at less conscious 

levels of cognition.  By including metaphor and perception, such as descriptive 

verbs and visual discrimination (more specifically addressed in the methods 

section), as central components of indigenous environmental knowledge, a richer 

picture emerged.  
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II. PRESENT STUDY 

The following is a summary of the specific methods, findings and 

conclusions of the research that comprises this dissertation.  These sections are 

organized as aggregations to display the independent variables, dependent 

variables, sampling, hypotheses, findings and conclusions in this dissertation. 

Independent variables 

The independent variables for these studies differed in each article.  In the 

first article of this set, on a subject’s ability to understand the context of specific 

dog vocalizations and breadth in analyzing the presence of rabies in dogs, the 

independent variable was religion.  Balinese Hindus and Muslims provided the 

samples for both the bark and the rabies study.  For the second article, which 

investigated how Balinese visually perceive roosters, the independent variables 

were both the degree to which informants were interested in cockfighting and 

roosters and the amount of time they spent interacting and training roosters.  To 

understand which factors produced a unique for of specialized perception, 

subjects were divided into three groups: those with little interest in cockfighting 

and roosters, those with great interest in cockfighting but who did not raise and 

train roosters, and those who trained and bred roosters.  In the third article, 

subjects were divided by gender to examine differences in knowledge of 
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ecological interactions.  Though gender was the biases of the grouping, the 

underlying independent variable was the difference between two forms of labor, 

or praxis, whereby women conducted seasonal and rote physical labor in the rice 

fields and men managed the field throughout the year.  

Dependent variables: emic models of the environment 

The dependent variables, shaped by symbolic inheritance, observational 

experience and praxis, are (a) emic cognitive models of ecological interactions 

(food webs), (b) interpretive descriptions of animal behavior (c) visual perceptual 

acuity with respect to roosters and (d) auditory perceptual ability to discern dog 

vocalizations.  To assess emic cognitive models of the environment under uniform 

conditions, I conducted interviews and had informants build model ecological 

webs showing interactions of plants, animals and natural processes in wet rice 

ecosystems.  This standardized model-building activity with informants gave a 

more comprehensive account of how an individual views environmental 

interactions which can be compared between subjects. 

Dependent variables: emic interpretations of animal behavior 

I attempted to understand differences in how people understand animal 

behavior by using standardized exercises in which informants describe the actions 

of animals.  Psychologists and ethologists have used video recordings of animal 

behavior from which informants interpret their actions at the levels of description, 

causation and intention (Horowitz and Bekoff 2007).  I followed the standard 

protocol used within psychology as applied by Morris et al (2000) in their ethno-
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ethological study of descriptive behavior of dogs. With a number of clips of 

various animal activities, a more comprehensive understanding of how individual 

Balinese see animals and how they behave emerged.  This was followed up with 

questionnaires following the protocol of Mitchell and Hamm (1997) in which they 

use a standard set of responses, with varying degrees of anthropomorphism, from 

which individuals would choose to explain certain forms of animal behavior.   

Dependent variables: perceptual acuity and technique of auditory and visual 

stimuli 

Studies conducted by Hungarian researchers Pongracz et al (2005) showed 

that dogs made distinct vocalizations depending on context.  Additionally, 

individuals were shown to be able to place the context in which these 

vocalizations were made when audio recordings of the barks were played.  In 

Bali, I used the same recordings that were used by Pongracz and colleagues in 

their seminal work.  The test was shortened to comply with the requirements of 

fieldwork. To investigate the emergence of holistic and featural perception among 

Balinese men, the experimental design was adapted from Carey and Diamonds 

study of expertise among dog show judges (1986).  Instead of using stalk 

photographs, images of roosters taken in Bali were altered to have uniform 

backgrounds. 

Sampling 

These experiments took place in highland Balinese villages and cities where much 

of the population cultivates wet rice.  Approximately 60 individuals were selected 
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for the following studies and compensated for their time.  The groups were 

stratified according to occupation, gender, caste, age, education and labor activity 

and possibly further grouped based on my initial examination of the demographic 

composition of the community at the beginning of the fieldwork.  Because 

Balinese communities vary in caste composition and generally include many more 

farmers than priests, the sample size was not necessarily proportionally represent 

the village, as multiple participants from each group was necessary for a proper 

sampling size.  Different individuals participated in each type of test. 

Illustration 1: Research methods and designs.  
Question Methods Refs 
   
1. Auditory 
acuity of dog 
vocalizations 

Informants chose context 
of dog bark. 

Based on 
protocols of 
Pongracz (2005) 
shortened for Bali  

2. Holistic or 
Analytical 
Perception 

Visual Inversion Tests Based on 
protocols in 
Diamond and 
Carey (1986) 

3. Knowledge of 
ecological 
interactions 

Model building activities 
with photographic 
representations of 
environmental entities 

Based on 
protocols 
described in 
Atran et al (2002) 

 
Specific Hypotheses 

Though this research allowed for multiple forms of relationships between 

praxis, subject position and emic environmental knowledge to be identified, the 

following are specific hypotheses that were tested. Hypothesis 1 posed a question 

about the role of taboo in the development of auditory perception and interpretive 

range of an ubiquitous species within Bali.  Hypothesis 2 focuses on how 
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environmental knowledge may vary at the level of visual perception and the 

importance of experience for the emergence of this knowledge. Hypotheses 3 

addressed the issue of indigenous conceptual understanding of the environment 

and how different forms of praxis produce different forms of knowledge. 

Collectively, these hypotheses are designed to assess the relationship between 

symbolic systems, the labor experience of subjects, their modes of perception, and 

the content of environmental knowledge.  

Hypothesis 1: The ability to distinguish differences in dog vocalizations and the 

interpretative range of informants assessing the presence of rabies in dogs will 

vary according to experience with dogs. 

Studies conducted by Hungarian researchers Pongracz et al (2005) showed that 

dogs made distinct vocalizations depending on context and that the ability to 

distinguish the context in which the barks were made did not vary according to 

experience with dogs.  In Bali, Hindus were expected to perform above chance at 

distinguishing between both threatening and affective dog vocalizations.  Muslims 

were expected to be able to distinguish between the types of threaten barks 

because they hear them often from feral dogs in Bali but not be able to distinguish 

between affective vocalizations.  The findings contradicted the expectation that 

experience was sufficient to understand dog vocalizations. The inability of 

Muslims to discern vocalizations they regularly hear points to the importance of 

taboo for preventing the acquiring of perceptual skills. 

Hypothesis 1: Findings 
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The most striking finding from the study of subject’s ability to understand dog 

vocalizations is the overall performance difference between Muslims and Hindus 

for both tests. A central finding in Pongracz’s seminal work (2005), is (a) that all 

groups can choose, above random chance, the contexts in which certain 

vocalizations occur and (b) their ability to do so is not affected by dog ownership 

or prior exposure to dogs (illustration 6).  The findings in Bali demonstrate that 

not all individuals or communities can discern the differences in dog vocalizations 

and thus present the limitations of studying the perceptual basis for human-dog 

communication in a group with fairly homogenous views of dogs.  The lesser 

ability of Muslims to interpret, or likely even perceive, differences in dog 

vocalizations also casts doubt on Pongracz’s conjecture that the ability to 

understand dog barks is innate. 

The most dramatic finding from the study of how individuals interpret the 

presence of rabies was that Hindu informants used multiple levels of analysis to 

determine, correctly or not, if a dog had rabies.  Hindu informants picked dogs 

that they thought had rabies based on physical appearance, behavior and 

ecological setting (illustration 7).  They also offered long and detailed 

explanations for why a certain dog showed elements of rabies and another did not.  

For instance, many informants explained that dog (l), who was eating carrion, was 

a potential rabies candidate because rabies was spread through eating other 
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animals.2  Many Hindu informants explained that the street dog (i) had his tongue 

hanging out and was looking away from the light of the sun.  They not only 

describe this but also pretended to be the dog avoiding light with a tongue 

hanging out.  Additionally, they explained that people had been bitten by rabid 

dogs during twilight.  This was easily the most animated that informants became 

regarding the behavior of dogs, and rabid dogs are known to become photophobic 

and loose control over their throat and mouth muscles (Hildreth 1963).  However, 

their description of this form of rabid behavior mirrors descriptions of demons in 

the Balinese supernatural cosmos, which are thought to be fanged entities with 

engorged tongues that hang from their mouths who materialize at dusk 

(Covarrubias 1999 [1937]). 

Hypothesis 2: Balinese will have different forms of perceptual acuity when 

looking at a symbolically important species. 

Cross-cultural psychologists have found that individuals differ in the forms of 

perception they use in looking at the environment (Berry 1966; Munroe and 

Munroe 1977; Pontius 1997; Nisbett 2003) and certain animals (Diamond and 

Carey 1986).  Diamond and Carey’s study of dog show judges and holistic 

perception (1986) was modified to the Balinese context.  This is a novel study 

where intra-cultural variation is found within a non-Western small community at 

the level of visual perception.  Subjects came from three groups: those with little 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2 It is spread through contact with the saliva of a rabid animal which can be spread by eating such an animal 
but not solely through eating its flesh. 
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interest in cockfighting, those greatly interested in cockfighting and those who 

bred and trained roosters for cockfighting.  It also demonstrates the necessity of 

interactive experience to develop certain forms of perception. 

Hypothesis 2: Findings 

The three groups scored differently on the normal and, to a lesser extent, on the 

inversion test.  The “uninterested” category averaged approximately 9.5 on the 

normal category and slightly worse at 8.5 for the inverted images (p<.078, n=46) 

making the difference between the conditions statistically insignificant for this 

category.  The avid cockfighting enthusiasts scored roughly 10.5 in the normal 

condition and 8.5 in the inverted condition (p=<.0001, N=36).  The breeders, 

trainers and referees scored significantly higher on the normal condition (12.9) 

and their scores dropped to approximately 8.2 on the inverted test (p<.0001, n=7).  

The approximately 35% drop in performance from the normal to inverted score 

for breeders, trainers, and referees category compared to the 8 and 18 percent 

drop for the uninterested and enthusiast categories, respectively, is evidence for 

holistic visual perception for the category of breeders, trainers and referees 

(Diamond and Carey 1986). 

Hypothesis 3: Conceptual understanding of ecological relationships will differ 

among Balinese.   

Though the Balinese share a language, religion, social space and culture, they 

experience distinctly different aspects of the environment through daily 

observation and labor.  This type of learning should create divergent conceptual 
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models focusing on different ecological interactions.  To understand how Balinese 

models vary, I had Balinese construct their own ecological interaction webs 

(Atran et al 2002).  Photographs were taken of species found in wet rice fields in 

Bali.  Participants were asked to use these photographs and strings to construct a 

model of ecological interactions.  The total number of interactions and which 

species were placed as centers of the web and have more connections to other 

elements of the environment were recorded (Atran and Medin 2008).  This 

information highlighted the variance in ecological models of the environment and 

where major differences exist in Balinese environmental knowledge. These 

models were cataloged and compared by gender.  

Hypothesis 2: Findings 

When comparing the histograms of men and women, there is the general trend 

that men make more ecological connections than women.  The other overall 

pattern is that though both men and women’s ecological connections have more 

out connections higher in the food chain and then more in connections farther 

down the food chain which would follow general ecological principles.  However 

there is a significant and striking difference in the following area: men place far 

more ecological connections, both in absolute terms and in relative terms to total 

ecological interactions, at the trophic level of insects and correspondingly plants 

which they eat. 

 

Ethical Considerations 
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APPENDIX 1: INTERSPECIES SEMIOTICS AND TABOO; THE 

PERCEPTION AND INTERPRETATION OF DOGS, BARKS AND RABIES 
IN BALI, INDONESIA 
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INTERSPECIES SEMIOTICS AND TABOO; THE PERCEPTION AND 

INTERPRETATION OF DOGS, BARKS AND RABIES IN BALI, INDONESIA 
  

In their book, The Native Mind and the Cultural Construction of Nature 

(2008) Scott Atran and Douglas Medin observe that conceptual knowledge, in 

particular biological terms and taxonomic categories, consists of cognitive 

representations and models of the environment.  However, their analysis of 

subjects’ environmental knowledge does not explicitly address the question of 

whether subjects may relate to their environment using multiple or varied 

cognitive mechanisms.  Focusing on one form of knowledge, such as taxonomy, 

is common to anthropological studies of indigenous knowledge, which 

concentrate on knowledge content but seldom address the processes by which 

individuals perceive stimuli from the surrounding environment, or what 

phenomenologists like von Uexküll (1957), termed the umwelt. Yet over the last 

40 years, psychological studies of perception have shown that the same 

environmental stimuli can be perceived differently, reflecting variance in both 

perceptual skills and interpretive techniques (Berry 1966; Pontius 1997; Ji et al 

2000; Kitayama et al 2003; Nisbett 2003; Miyamoto et al 2006).  The perceptual 

skills of informants, which have long mesmerized anthropologists (Turnbull 1961; 

Lévi-Strauss 1973; Lee 1979), can be based both on a subject’s ability to discern, 

for example, different species of beetle in an apparently homogeneous group, or 

to recognize subtle interactions between environmental entities.  But such skills 

are not merely realizations from a shared background knowledge of phylogenetic 
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relationships. They also require active perceptual skills acquired through 

experience (Gibson 1979; Ingold 2000) which may be sensitive to the effects of 

praxis and certain types of symbolic systems. 

 Both findings from cognitive science and ethnographic observations raise 

questions regarding perceptual knowledge of environments: do significant 

differences exist in how people perceive environmental features?  If so, what can 

account for these differences?  Here I report the results of experiments comparing 

the abilities of Hindus and Muslims in Bali to discern the differences in dog 

vocalizations, and to diagnose the presence of rabies in dogs.  The results 

highlight the importance of a negative symbolic association, the Muslim taboo on 

interaction with dogs, which constrains both perceptions of dogs and 

interpretations of the animal’s behavior. Evidence for significant variation in a 

subject’s perceptions of dog vocalizations contradicts prior studies that found a 

universal ability to understand the vocalizations of dogs. 

Dogs and Men 

Over the last 10 years, several studies have shown that the social affinity 

between people and domesticated dogs encourages a shared interest in and 

perceptual acuity for each other’s emotional realities.  Cognitive scientists have 

experimentally demonstrated people’s ability to understand the subtle context and 

meaning of certain dog vocalizations (Pongracz et al 2005). Studies conducted by 

ethologists have found that dogs use specialized visual perceptual techniques to 

observe human faces (Guo et al 2008) and relate to human physiological states 
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(Mascheroni et al 2008).  The range of this interspecies communication, and the 

unique perceptual skills upon which it exists, have been attributed to the early 

domestication of the dog, its evolved state as a highly social animal and its status 

as a companion species that shares, to some degree, the social world of humans 

(Hare et al 2010).  Though a clearer picture of this interspecies semiotic 

interaction has emerged from such work, these studies are limited by their sole 

focus on dogs and people in Western societies. Such studies have not examined 

culture’s role in shaping people’s interaction and understanding the vocalizations 

of dogs.  In this article, I show that experimental studies among both Hindu and 

Muslim communities in Bali demonstrate how cultural influences such as taboo 

affect an individual’s ability to interpret dog behavior, and perceptual acuity with 

respect to dog vocalizations. A comparative analysis of the semiotic relationships 

between dogs and people in Bali demonstrates that symbolic systems can narrow 

both the perceptual and interpretive abilities of people.  This is the first study to 

experimentally show that taboo alters a specific group’s interpretive range and 

perceptual abilities of an environmental entity.   

Prior Studies of Human-Canine Semiotics and Perceptual Overlap 

Many recent studies have shown that dogs enter our social and emotional 

worlds in ways that might be thought to be limited to other humans.  This 

seemingly esoteric insight has practical implications:  An extensive and contested 

literature is concerned with dogs’ social and therapeutic effects on people (Barker 

and Dawson 1998; Odendaal 2000; Banks and Banks 2001). Here we consider a 
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broader question: the interpretive and perceptual aspects of the processes by 

which dogs and humans understand and relate to each other’s emotional states. 

An intriguing example of how dogs perceptually and somatically relate to 

people can be found in studies of yawning.  The physical act of yawning has been 

divided into two categories by physiologists and cognitive scientists.  Most 

commonly, when we think of the experience of being tired and yawning, we are 

thinking of “spontaneous yawning” which is the physiological result of fatigue 

and can be found in a number of vertebrates (Baenninger 1987).  When someone 

is tired and he or she yawns, then others nearby yawn as well, the act of the 

subsequent yawners is referred to as “contagious yawning” (Provine 1986; 

Heusner 1946).  Why contagious yawning exists is not known though it can be 

found in other primates.  One theory suggests that it is part of a socialization 

repertoire in which empathy for others is communicated and ultimately 

experienced because of its ability to synchronize hormones that affect mood 

(Daquin et al 2001).  This means that by perceiving and then reenacting the 

physical act of yawning, the contagious yawner adjusts his own disposition to a 

state similar to the spontaneous yawner thus making yawning a part of the mirror 

neuron system (Platek et al 2005).  The finding that individuals within the autism 

spectrum do not experience contagious yawning has been used as further evidence 

for the social, rather than solely biological, component of contagious yawning 

(Senju et al 2007). 
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Dogs are not only spontaneous yawners but they also contagiously yawn.  

However, they only contagiously yawn in the presence of human yawners and not 

other dogs.  In a study of yawning in humans, monkeys and dogs conducted by 

Mascheroni and colleagues, the first example of interspecies contagious yawning 

was found in dogs (2011).  Their experiments showed that dogs were more likely 

to be contagious yawners than other humans when in the presence of human 

yawners (72 percent to 45 percent, respectively).  Though dogs apparently 

perform the same act as humans when they contagiously yawn, the degree to 

which this reorients their mood or synchronizes their hormones with the 

spontaneous yawner has yet to be determined.  What is clear, however, is that 

dogs can perceive expressions of human mood and mimic its manifestations. 

Another study investigated the perceptual techniques dogs use to read 

human faces, and possibly human emotions.  When people look at another 

person’s face, they typically demonstrate a “left gaze bias” (LGB) giving initial 

and more sustained attention to the right side of another’s face (Gilbert and Bakan 

1973; Mertens et al. 1993).  This perceptual pattern has been found when humans 

look at other humans but not when they look at objects.  It is unknown if this 

perceptual pattern is the result of richer expression on the right side of the face or 

if the eyes reflect the cognitive structure in the brain that influences the position 

of an observer’s gaze or both.  It appears that the LGB exists at birth though 

infants have the LGB for all objects until the age of 6 months after which it is 

employed only to the faces (Guo et al 2009).  When dogs are shown a series of 
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dog and human faces in addition to objects, dogs exhibited the LGB when looking 

at human faces and not the faces of other dogs or objects (Guo et al 2009).  That 

dogs have the same visual perception pattern as humans when looking at faces 

and not when they look at other dogs, suggests similarities between dogs and 

people in attempting to perceive and discern emotions as humans. 

In both of the preceding studies, dogs were shown to focus their 

perception on human expressions of mood and emotion, and, in the case of 

spontaneous yawning, interspecies behavioral mimicry.  These findings provide 

evidence for dog’s ability to recognize some of the emotional experiences of 

people and it may serve as a valuable means for them to enter the social world of 

humans. However, studies by Hungarian researchers show that interspecific 

communication between dogs and humans is a two-way street. They examined not 

only the meaning behind certain vocalizations of dogs but the ability of humans to 

understand that meaning (Pongracz et al 2005).  The vocalizations of several 

Hungarian herding dogs were recorded under specific scenarios such as playing 

with its owner, about to bite someone, witnessing the approach of a stranger, 

going on a walk, wanting a ball, and being left alone in a yard.  The variation in 

scenarios produced consistently different vocalizations in the sound frequency 

and the inter-bark intervals.  These vocalizations were played for the dogs’ 

owners, owners of other dog breeds and individuals who did not own a dog.  The 

Hungarian researchers demonstrated that individuals consistently found meaning 

and emotionality in the different types of dog barks that corresponded to levels of 
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aggression and passivity.  Additionally individuals could discern the differences 

between the settings in which recordings were made based upon the types of 

barks.  Perhaps as intriguing, they found little or no difference in the accuracy of 

individuals choosing the setting, or meaning, of the dogs’ barks between dog 

owners, owners of the dogs recorded and non-dog owners.  The lack of 

importance of prior exposure to the specific dogs used in the study or dogs in 

general diverges from existing studies of the accuracy of placing domestic cat 

vocalizations in which subject’s accuracy was positively correlated with exposure 

to cats (Nicastro and Owren 2003).  Pongracz and his colleagues theorize that a 

possible reason behind the similar accuracy across subjects, regardless of 

exposure to dogs, may be “because acoustic features affect homologous inborn 

human abilities” (p. 143). 

 

 

Illistration 2: from Pongracz et al 2005, “Human Listeners Are Able to Classify 

Dog (Canis familiaris) Barks Recorded in Different Situations” 
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 Evidence that dogs are able to enter a social and emotional relationship 

with humans, and visa-versa, raises the question of whether the nature of these 

interactions differ depending on cultural and social contexts. Human attitudes 

toward dogs and perceptions of them are remarkably varied but studies of the 

perceptual and semiotic overlap between humans and dogs have only taken place 

in western societies.   Here I present the results of two experimental studies in 

Bali, which compared dog-human interactions between two communities, Hindu 

and Muslim that demonstrate the character of this perceptual relationship is 

influenced by culture. 

Inter-Species Semiotics and Taboo 

The first study investigated variation in subject’s accuracy at interpreting 

dog barks. Within Balinese Hindu and Muslim communities, a research assistant 

and I conducted an experiment on auditory perception inspired by the study 

conducted by Pongracz and colleagues (2005).  The original experiment used six 

different dog barks, from which informants chose the settings in which the barks 

were made.  Because of the complexity of this experiment and the time it took for 

informants to take it, we chose to use a shorter design.  Informants were given 

two sets of dog barks.  The first set contained the dog barking at a stranger 

approaching and the dog barking before it was about to bite.  The second set 

included a dog barking while playing with a person and a dog bark after being left 

alone by their owner.  Each of the audio recordings lasted 20 seconds and was 

played once for informants.  Subjects consisted of 61 Muslims living in Bali and 
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80 Hindu Balinese, from the cities of Denpasar, Tabanan and Ubud.  We used 

audio recordings from Pongracz et al (2005). Individuals listened to recordings 

using a standard headset to prevent background interference or cues from others 

around them. 

 

Illustration 3: Muslims (33 out of 61 correct on attack (54.%) and 31 out of 61 

correct on play (50.8%) with 7 cases on not hearing a difference) Hindus (55 out 

of 80 correct on attack (68%) and 48 out of 80 on play (60%)). A chi-squared 

analysis showed that Hindus’ responses for the stranger / attack vocalization were 

correct more often than chance  (50% correct) (p< 0.05), whereas Moselm 

respondents did not do significantly better than random. The difference between 

Hindus’ and Moslems’responses for stranger/ attack approached but did not reach 

statistical significance ( 0.05<p<0.10.) Neither group cored better than chance for 

recognizing the play and lonely vocalization.” 

Results 

The results showed a statistically significant difference between Muslims 

and Hindus in both stranger/bite and play/lonely conditions.  Hindus performed 
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above chance (68 % stranger/bite condition and 63% for play/lonely condition) 

while Muslims performed at chance in both conditions (52% and 48% 

respectively). 

Discussion 

The most striking finding is the overall performance difference between 

Muslims and Hindus for both tests. A central finding in Pongracz’s seminal work 

(2005), is (a) that all groups can choose, above random chance, the contexts in 

which certain vocalizations occur and (b) their ability to do so is not affected by 

dog ownership or prior exposure to dogs (illustration 2).  The findings in Bali 

demonstrate that not all individuals or communities can discern the differences in 

dog vocalizations and thus present the limitations of studying the perceptual basis 

for human-dog communication in a group with fairly homogenous views of dogs.  

The lesser ability of Muslims to interpret, or likely even perceive, differences in 

dog vocalizations also casts doubt on Pongracz’s conjecture that the ability to 

understand dog barks is innate. 

Perhaps equally important, it shows the ability of certain forms of culture, 

most specifically taboo, to trump environmental experience.  It may appear that 

the Muslim’s inability to discern the differences between barks is solely the result 

of a lack of experience with dogs. This is not the case.  In Bali, dogs are free to 

roam urban and rural communities.  The typical Muslim kampung 

(neighborhood), including those from which the informants came, is small enough 

that dogs from surrounding Hindu communities move through them like any other 
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area.  Unlike most communities in the Arab World, in Muslim communities in 

Bali, one can see packs of dogs in front of mosques at the call for prayer, or 

upturning garbage looking for rice next to Islamic festivals.  Moreover, anyone 

walking the streets of Bali is barked and growled at by dogs on the street that use 

both the stranger and bite vocalizations.  Though Muslims do not typically own 

dogs, or interact with them in ways in which they would receive play/lonely 

vocalizations, they are exposed, on a regular basis several times a week, to 

instances of stranger/bite barks.   

Given that Hindus are exposed to both types of barks and Muslims only 

experience the stranger/bite barks, we can examine what are the critical elements 

determining ability to discern dog vocalizations.  If, as Pongracz and colleagues 

suggest, the ability to understand dog vocalizations were innate, then both Hindus 

and Muslims should not differ in their ability to discern the meaning of the barks.  

If exposure were the sole factor in determining the ability to discern the meaning 

behind dog barks, then Hindus would be able to do so above chance for both 

conditions and Muslims would be able to discern the stranger/bite vocalization.  

The fact that Muslims are unable to recognize and understand the differences, 

regardless of exposure, suggests that experience is not a sufficient factor in 

determining the semiotic fidelity between species.  What is necessary, in the case 

of dog vocalizations in Bali, is a cultural value that does not induce what 

psychologists term “perceptual narrowing” (Lewkowicz and Ghazanfar 2006)—as 

taboo clearly does in this instance—and thus allows for the possibility of a subject 
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to perceive, observe and reflect on their own exposure to semiotic patterns in the 

environment.  Thus the results of this experiment suggest that the ability to 

perceive and interpret the meaning behind dog barks is neither innate nor 

independent of experience as Pongracz contends, but rather the result of an 

interaction between cultural beliefs and experience. 

Thick and Thin Description of Zoonotic Disease and Animal Behavior  

In October 2010, as part of a rabies educational program, further 

experiments were conducted within the same Hindu and Muslim communities 

used in the auditory tests described earlier.  Using different informants from those 

used in the study of dog vocalizations were given a selection of photographs of 

different breeds of dogs, including native Balinese dogs and mutts, of varying 

ages, health conditions, environmental contexts and displaying different forms of 

behavior.  This test was designed to investigate how different communities 

understood the role of animals, and most specifically dogs, in spreading rabies.  

The test uncovered information suggesting that Muslim and Hindu communities 

in Bali had remarkably different ways of thinking about and interpreting dog 

behavior. 

Individuals were shown a collection of 14 photos (Image 1) which were 

randomly placed on a table from which they selected dogs they thought carried 

rabies.  Informants were then asked why they had chosen certain dogs as having 

rabies and why they thought other dogs were rabies free.  The sample was 
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composed of 32 Hindus and 21 Muslims, all of whom were either born in Bali or 

had lived there for more than 5 years. 

 

 

Illistration 4: How the subjects saw the images of the dogs. 

  

The collection was comprised of photographs of: a) one dog with actual 

furious rabies; b) a dog with dumb rabies; c) a pit bull adolescent and d) adult; e) 

a golden retriever adolescent and f) adult; g) a street dog with mange; h) a dog on 

the beach with mange; i) a street dog without mange; j) a street dog with a collar; 

k) a wild dog; l) a wild dog eating carrion; and m) a Scottish Deerhound.  We 

wanted to know what evidence people used to decide whether or not a dog was 

carrying rabies or could possibly be carrying rabies.  Though there were 

epidemiologically significant findings for this study, the results also showed a 
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significant distinction between Hindu and Muslim’s ability to perceive and 

understand these images of dogs.   

 
Dog Types: 

                        
     A       B     C         D        E 
 
 

                     
        F         G    H      I   J 
 

        
K          L 

Illustration 5:  Individual images of the dogs 
 

The most striking finding was that Hindu informants used multiple levels 

of analysis to determine, correctly or not, if a dog had rabies.  Hindu informants 

picked dogs that they thought had rabies based on physical appearance, behavior 

and ecological setting (illustration 7).  They also offered long and detailed 

explanations for why a certain dog showed elements of rabies and another did not.  

For instance, many informants explained that dog (l), who was eating carrion, was 

a potential rabies candidate because rabies was spread through eating other 
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animals.3  Many Hindu informants explained that the street dog (i) had his tongue 

hanging out and was looking away from the light of the sun.  They not only 

describe this but also pretended to be the dog avoiding light with a tongue 

hanging out.  Additionally, they explained that people had been bitten by rabid 

dogs during twilight.  This was easily the most animated that informants became 

regarding the behavior of dogs, and rabid dogs are known to become photophobic 

and loose control over their throat and mouth muscles (Hildreth 1963).  However, 

their description of this form of rabid behavior mirrors descriptions of demons in 

the Balinese supernatural cosmos, which are thought to be fanged entities with 

engorged tongues that hang from their mouths who materialize at dusk 

(Covarrubias 1999 [1937]). 

Hindu descriptions of a dog’s behavior, ecological context, health and the 

interaction of these varying types of information could be viewed as an inter-

species form of what Clifford Geertz termed “thick description” (1973).  Hindu 

informants were able to provide narratives about both contextual and internal 

causes that made dogs perform certain actions or what the environmental context 

meant for their status as a rabid dog.  Equally telling, Hindu informants described 

why certain dogs were believed to be free of rabies.  The puppies were described 

as “too cute” and had eyes that were innocent and pure.  Breed dogs such as pit 

bulls and golden retrievers were described, with overtones of disapproval as living 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3 It is spread through contact with the saliva of a rabid animal which can be spread by eating such an animal 
but not solely through eating its flesh. 
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in a close relationship to people and not other animals and thus not able to 

contract rabies from other dogs. Geertz famously described how social, 

phenomenological and symbolic realities intertwined to give cockfighting in Bali 

its meaning to participants and observers (1973).  Balinese Hindus, to varying 

degrees, are able to form a social, phenomenological and psychological 

interpretation of the behavior, environmental context, and health from an image of 

a dog.    

For Balinese Hindus, a picture of a dog is worth many words and ideas, if 

not a thousand.  In stark contrast, for Muslims in Bali such photos are only worth 

two: “dirty” and “biting”.  Muslim informants almost solely use the action of 

biting and the existence of mange to determine if a dog has rabies.  With the same 

set of photographs, Muslims almost exclusively chose dogs with skin disease.  

The one exception was that they chose the rabid dog (a) which was showing its 

teeth.  When asked why they chose dog (a), they said that the dog looked like it 

was about to bite and that you get rabies from dog bites.  Even though they are, in 

fact, describing a behavior (biting), unlike Hindu informants, Muslims did not 

ascribe a mental or emotional condition such as the dog was angry or crazy, but 

rather gave the “thin” description of the act of “biting”.  They lacked the ability or 

interest in reading the behavioral cues given by dogs in all but the most obvious 

ways (teeth showing) and when they did read behavioral cues, they were at the 

level of “thin” description rather than a “thick” description that contained varying 

levels of causal elements.  All Muslims responses centered around one aspect of 
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the dog photographs.  They were adept at quickly finding which dogs had mange 

and referred to such dogs as “dirty” (kotor).   

Overall, illustrations 7 and 8 show that Hindus use multiple indicators in 

discerning whether a dog has rabies, while Muslims focus on just a few.  The 

discrimination of dogs by Hindus, though not random, encompasses the categories 

of hygiene, ecological setting and behavior.  For Muslims, there is less variation 

in which dogs are chosen with only three dogs comprising over 90% of the total 

selections.  Of these three dogs, two have mange and one is shown in the act of 

biting.4 

Is the Islamic taboo on dogs the reason for these differences?  It could 

have these effects either by reducing interactions between Muslims and dogs, or 

through the proscription that one should not think about, or even perceive, dogs.  

The difference between these explanations has implications which were 

foreshadowed by Lévi-Strauss, in his analysis of the impulse that creates 

totemism and by extension other social and ecological relationships: 

The animals in totemism cease to be solely or principally creatures 

which are feared, admired, or envied: their perceptible reality permits 

the embodiment of ideas and relations, conceived by speculative 

thought on the basis of empirical observations.  We can understand, 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
4 Though there are differences in the interpretative range that Muslims and Hindus demonstrate regarding 
dog behavior and rabies, it is unknown if this variation causes proportionally larger numbers of cases of 
Muslims being bitten by rabid dogs. 
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too, that natural species are chosen not because they are “good to eat” 

but because they are “good to think.” (1971: 89). 

For Muslims, dogs are not only bad to eat, or be near, they are bad to think 

about.  Thinking about dogs, their actions, motivations and realities is a prohibited 

cognitive activity.  This is not to be confused with having a negative view of 

dogs.  For instance, many people have negative views of snakes but this attitude 

does not result in an inability to describe a snake’s behavior or elaborate on its 

actions.  Snakes may be thought to be sneaky, malevolent, dangerous and 

repulsive creatures and a good deal of time, as anyone with a phobia knows, may 

be spent thinking about them in vivid detail.  Nor are dogs for Hindus in Bali 

embodiments of positivity.  Hindu Balinese had a rich view of dogs in their 

cosmic ordering of the natural world which, in many contexts, places them among 

evil entities.  The fanged dog that emerges at twilight to bite village inhabitants 

while returning from bathing in the stream is a negative creature and idea.  For 

Muslims, dogs are not something good to think negatively about, they are, in fact, 

simply not good to think about.   

The difference between something about which it is bad to think about and 

something that is good to negatively think about is all the more apparent in the 

context of rabies.  Despite the fact that dogs in Bali spread the deadly disease of 

rabies and are considered haraam by Muslims, the elaboration on dogs in general 

and rabies specifically appears to be also haraam.  The scant attention given to a 

tabooed species and the diseases that it carries may seem to be a common pattern 
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of thought toward such diseases and animals.  However, it is precisely the 

opposite of how zoonotic illnesses carried by a negatively viewed animal are 

thought about in other settings.  During the outbreak of bedbugs in New York,5 

which combined the urban aversion to bugs and the abhorrence of having one’s 

blood sucked at night by nearly invisible creatures one has little control over, 

people were able to elaborate at great lengths about how the bugs reproduced in 

hordes, were present at theaters and fancy hotels, and were capable of biting you 

throughout the night in sensitive places.  Exactly because bugs are gross and 

bedbugs did gross things to you meant they were thought a great deal about, 

unlike other zoonotic diseases such as cat scratch disease (see the New York 

Bedbug Registry).6  In Bali, among Muslims, a seemingly similar situation has 

occurred where there is a novel and gross disease carried by a traditionally dirty 

animal, however there is not a burgeoning of elaboration, information or 

“thinking” about this dynamic or the actors involved.  The implication of this 

divergence is that taboo has levels of significance beyond giving a subject an 

extremely negative view of an object.  It alters the perceptual, interpretive and 

cognitive experience of the subject and is thus not the presence of a negatively 

viewed object among positively and neutrally viewed entities.  Instead, it is a 

negation of the existence of an object at all but the most basic levels, that it exists 

and should not be the object of thought, perception or interpretation.  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
5 Or one can see this obsession when a cobra escaped the Bronx Zoo in 2010. 
6 http://bedbugregistry.com/metro/nyc/ 
Moreover, there was particular emphasis placed on how dogs, our companion and “non-gross” species, 
were able to help fight against bedbugs. 
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Edmund Leach, in Anthropological Aspects of Language: Animal 

Categories and Verbal Abuse, approaches both cognitive and linguistic origins of 

taboo and its affects on knowledge systems from a structuralist perspective.  In it, 

he famously describes taboo as the category that does not fit into categories, or, as 

he puts it, the areas of the environment that exist between “named ‘things’” 

(figure 1) (Leach 1964, 35)—a designation which was more thoroughly 

elaborated upon by Mary Douglas (1966).  This may explain, what is considered 

taboo,7 and the distribution of proper taxonomic names within a certain society, 

but it also can be partially mapped onto the level of perception.  For Balinese 

Muslims dogs are best thought about by not thinking about them. 

 

Illustration 6: Leach’s named and unnamed things. 

 

 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
7 Though Leach makes a remarkably cogent case for the association of taboo with liminal objects in the 
social and natural worlds, he does not explain why dogs are haraam in certain societies and not others. 
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Illustration 7: Hindu choices for rabid dogs. 
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Illustration 8: Muslim Balinese choices for rabid dogs. 

 

Conclusion 

The differences in the abilities of Balinese Muslims and Hindus to perceive and 

interpret both dog vocalizations and the presence of rabies in dogs suggests that 

taboo affects individuals in ways not yet accounted for within anthropology.  In 

The Forest of Taboos (2000), Valerio Valeri examines the uses of taboo in the 

formation of subjects, among the Huaulu, a comparatively isolated society in the 

forests of Seram. Valeri builds his analysis of how taboo constructs a subject 

distinct from the surrounding natural world by demonstrating that taboo is 

qualitatively different than how Leach formulates it in two regards.  Leach 

aggregates numerous cases in which there are prohibitions toward an object or 
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act.  For instance, although Muslims and the English do not eat dogs, the reason 

behind this common prohibition are significantly different (Valeri 2000, 62). A 

similarly specious association might be made between the negative view of dogs 

by Muslims and negative view of bedbugs by New Yorkers and the diseases they 

carry.  However, as previously illustrated, they result in exactly the opposite 

forms of elaboration towards these animals.  New Yorkers have a staunchly 

negative view of bedbugs which results in extreme elaboration on their behavior 

while Muslims negate and occlude as much knowledge of dogs as they can. It is 

here where Valeri’s next criticism exists: Leach places taboo as the method of 

bordering the known world while Valeri contends that the most precise definition 

of taboo involves not bordering but negating a symbolically and psychically 

threatening aspect of the world. Valeri’s work stands at the end of a long 

anthropological tradition (Douglas 1966; Radcliffe-Brown 1952 [1929]; Lévi-

Strauss 1969) that focuses on why taboo exists, and what social functions it 

serves.  However, Valeri’s research also marks a departure from much of the 

existing literature of taboo because of the analysis of how taboo alters the 

experience of reality of its followers by making the world coherent.   

By comparing how Muslims and Hindus in Bali perceive and interpret 

auditory and visual stimuli in the form of barks and photographs, there is a shift, 

similar to that made by Valeri, from the question of why taboo exists to the effect 

of taboo on one’s experience of the environment at the level of perception, or 

umwelt, is partially elucidated.  Whereas existing studies of the semiotic 
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interaction of dogs and people are taken solely within European and American 

societies, the importance of culture or symbolic systems for determining the 

fidelity of this perceptual interaction is negligible.  From such studies, researchers 

in the field of human and canine interspecies semiotics have concluded that the 

perceptual abilities of humans to understand the context of a dog’s vocalization is 

not influenced by prior exposure and is thus innate (Pongracz et al 2005).  The 

inability of Balinese Muslims to distinguish the difference between the stranger 

and attack vocalizations as well as the play and lonely vocalization compared to 

Hindus who can, demonstrates that such perceptual skills are not innate.  

Furthermore, because Balinese Muslims cannot discern the differences between 

barks they often hear, the ability of symbolic systems, in this case taboo, is shown 

to prevent learning from experience and thus produces what psychologists have 

termed “perceptual narrowing” (Lewkowicz and Ghazanfar 2006).  

 Taboo not only alters perceptual abilities, it can narrow interpretative 

range and depth.  Hindus use several types of information when assessing the 

presence of rabies from photographs of dogs such as the ecological setting in 

which the dog lives, the action of the dog (biting, foaming at the mouth, eating 

carrion, etc.), the presence of mange and other markers of disease, as well as the 

breed of the dog.  Balinese Muslims only use the evidence of skin disease and 

whether or not the dog is about to bite which they know from the Indonesian 

media is the action through which rabies is spread.  It may seem to be common 

sense that a disease associated with an unclean animal would be sparsely 
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elaborated upon by individuals.  However, the treatment of bedbugs in the modern 

West shows the exact opposite, that grotesque animals associated with disease are 

greatly thought about and understood even though they are feared and thought to 

be repulsive.  Following its effect on narrowing perception, taboo also restricts the 

interpretative range of informants. 

 The results from these studies also demonstrate how certain forms of 

environmental knowledge emerge.  At the surface, both the Balinese and 

Javanese8 (the language of most Muslims in Bali) language have the same word 

for dog, asu, and categorize it as a type of mammal.  If one collected the 

traditional form of environmental knowledge such as the nomenclature of species 

in Bali or the corresponding taxonomic systems of Balinese Muslims and Hindus, 

little difference in environmental knowledge would be found.  But By including 

auditory perception and interpretation as forms of environmental knowledge, new 

shades of variation between Balinese Hindus and Muslims become apparent, 

which are overlooked by purely taxonomical studies of environmental knowledge.  

Moreover, the importance that a symbolic system can exert on what can be 

learned from experience becomes clearer.  Though Balinese Hindus learn from 

their experience with dogs, Balinese Muslims, despite exposure to stranger and 

bite vocalizations, do not.  Taboo or haraam, not only instructs a Muslim what he 

can eat or bring into his home, but also what environmental stimuli can been 

actively listened to, learned from and accepted as potentially carrying semiotic 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
8 Most Muslims in Bali speak Javanese even if they were born and grew up in Bali. 
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content.  In this regard, the examination of perception and interpretation 

highlights the ability of symbolic systems to restrict or allow for types of 

knowledge and experience to emerge.  
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PERCEIVING ENVIRONMENTAL OBJECTS AND SOCIAL 

SUBJECTS; OF ROOSTERS AND MEN IN BALI, INDONESIA 
 
Ethnographic studies have often led anthropologists to conclude that the 

boundaries between the social world of people and the natural world of animals 

are more porous in certain symbolic and experiential contexts.  Throughout its 

history, anthropology has given considerable attention to both the material 

relationships communities have with animals and the cultural systems through 

which they understand such relationships. One of the most common themes in 

ethnography is the symbolic incorporation of animals as quasi-social subjects, as 

well as interpreting animal behavior as motivated by intentionality, and 

possessing social relationships similar to those of humans (Ingold 2000).  What 

accounts for the differences in how people perceive animals? To examine this 

question, I explored how Balinese perceive roosters using techniques originally 

developed by cognitive psychologists. 

 Cognitive science distinguishes between holistic and featural perception 

which directly correspond to the distinction commonly made between 

environmental objects and social subjects.  Holistic perception is used to observe, 

discern and remember human faces which are the central visual aspect of sociality 

(Alley 1988; Peterson and Rhodes 2003; Yin 1969).  This form of perception is 

referred to as holistic because it integrates multiple features of a face as a unity, 

and is thought to be restricted to the perception of human faces.  All other 
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environmental objects are perceived by focusing on one or two features which are 

not integrated into a whole and is thus given the term featural perception 

(Shepherd 1981).  Given that the method of perception so closely overlaps with 

how the modern West divides the social world with the natural world, the 

question then arises: among individuals who describe and relate to specific 

animals in ways similar to social subjects does a corresponding change from 

featural to holistic perception emerge?  And if so, what are the factors that result 

in such a shift in perceptual technique. 

Perception of Subjects and Objects 

 The following is an example that will demonstrate how the perception of 

faces and objects differ.  Holistic perception is one of the reasons that faces are so 

easily recognized, discerned and remembered compared to other environmental 

objects, other parts of the body and isolated features of the face such as the ears or 

nose (Peterson and Rhodes 2003).  For instance, when identifying a childhood 

friend in adulthood, one does not recognize one specific feature such as the shape 

of someone’s nose but rather the relationship between multiple elements of a face.  

The following image is of President Obama playing in the surf as a child.  His 

face is likely recognizable to many who have seen images of him as an adult.  
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Illustration 9: Obama as Adult and Child 

 The ability to recognize President Obama (diagram 1) as a child does not 

come from focusing on the similarities of one aspect of his face such as his ears.  

Instead, recognition comes as a gestalt in which multiple features of the face are 

holistically integrated to form a complete visual percept (Goldstein and Chance 

1981).  Similarly, a person, even a famous person, is unlikely to be known by 

solely focusing on his or her lips.  Though the adult lips of Brad Pitt would not 

provide enough information to identify the person from whom they are taken, the 

photograph of him as a child is recognizable as a young Brad Pitt. 

 

A.	  Young	  Barak	  Obama 

A.	   

B. 

C.	   

D. 

B.	  Featural-‐Based	  Obama 

C.	  Adult	  Obama 

D.	  Featural-‐Based	  Obama 

Holistic	   
Recognition 
(strong) 

Featural 
Recogni
tion 
(weak) 

Featural 
Recogni
tion 
(weak) 
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Illustration 10: From left to right: the lips, childhood photograrph and adult 

photograph of actor Brad Pitt 

 

 

Featural perception is used when observing any object other than a human 

face (Yin 1969).  For instance, when viewing dogs, one may only focus on one 

feature of a dog or a series of dogs.  The following photographs are of German 

Shepherds.  The top image of one of the three dogs below which has been divided 

into three features, the head, tail and abdomen.  The features of this dog can be 

easily matched to one of the following dogs.  This is an illustration of how 

feature-based perception does not function as a gestalt as is the case with faces, 

but as a concerted effort to remember specific differences between the dogs. 
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Illustration 11: German Shepherds: The featurally divided image is of the first dog 
in the row of three. 

 
Though holistic perception is used for perceiving faces, there are a limited 

number of examples of holistic visual perception of nonhuman objects.  Instead of 

using featural perception to examine canines, dog show judges have been found to 

have holistic perception when looking at the profiles of dogs (Diamond and Carey 

1986).  The evidence that dog show judges use holistic perception provokes 

several questions regarding the etiology of this skill, what it means regarding 

human-animal interaction and whether or not it can only be achieved by a select 

few in a society with high degrees of niche specialization.  To answer these 

questions, I constructed a visual perception test of the most important animal in 

Balinese culture, the rooster. 
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Type of 
Perception 

Featural Holistic 

Technique: One or two elements 
of an object 

The relationship 
between multiple 
elements of an 
object 

When 
observing: 

All objects other 
than human faces 

Human faces 

 
 Illustration 12: Types of perception and corresponding objects 

Roosters in Bali 

 As Geertz’s famous study clearly and humorously illustrates, roosters are 

of elevated symbolic importance within Balinese culture.  Thus, if holistic 

perception for an environmental object exists, it is likely it would exist while 

looking at roosters.  A summary of his “Notes on the Balinese Cockfight” would 

be both unnecessary and epigonic.  Instead, I will describe why in Bali roosters 

could be perceived using the methods otherwise restricted to the faces of other 

human beings. Geertz writes that the Balinese word for rooster, Sabung (418), as 

well as the Indonesian cognate Jago, connotes an assortment of secondary 

masculine meanings.  Among contemporary Balinese, the word most often use for 

rooster is Manuk which also carries the same double meaning.  However, Geertz 

does not mention that roosters and possibly birds in general are perhaps the only 

animals that are used to describe a human attribute that is not derisive in nature.  

Comparing someone to a cat, dog, monkey, dolphin, fish, snake or any other 

category of animal is insulting.  Perhaps one of the few exceptions can be found 

in the Indonesian subculture of silat, the martial arts of the Malay Archipelago, 
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where fighting styles are categorized by the animal that the movements resemble 

(tiger, monkey, bear, crane, etc.) and on which they are based (Gartenberg 2002).  

However, a master of silat regardless of style is referred to as a jago silat which 

both means a rooster martial artists and a champion.  Generally when referring to 

roosters in bahasa Indonesia, jago is followed by the general term for chicken 

which is ayam to become ayam jago which both means “rooster chicken” and 

“champion chicken”.  However, jago cannot generally be added to any other 

animal and calling a male dolphin or an alpha male macaque a lumba-lumba jago 

(dolphin) or monyet jago (monkey) is amusingly inconceivable to Indonesians. 

 The symbolic importance of the rooster in Balinese life is matched by both 

passive observational experience and interactive experience within villages and 

cities.  Roosters and hens are often the only animals that Balinese give attention to 

and pet within the household compound.  Dogs, though they often reside within 

the family compound, are seldom touched when they are no longer puppies, and 

unlike roosters which receive considerable food scraps from family meals, are 

rarely fed within the household. Though roosters are nearly ubiquitous in Bali, the 

importance they have for individuals is not. Some Balinese have little interest in 

roosters and cockfighting while others obsess over both the aesthetic aspects of 

roosters and gamble relatively enormous sums on cockfighting.  Moreover, there 

are men who breed and train roosters for cockfighting and referee bouts.  Due to 

this variance in both the level of interest and the degree and type of experience 

with roosters, the subjects were taken from three groups of Balinese in accordance 
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to their level of interest and exposure to roosters. By doing so, the importance of 

symbolic value can be compared to the degree of interactive experience with 

roosters for creating holistic perception. The subjects in this test were divided into 

three groups: those who had little interest in cockfighting and roosters (low 

interest low interactive experience), those who were avid cockfight attendees 

(high interest low interactive experience) and those that bred, trained and refereed 

fighting roosters (high interest and high interactive experience).9 

Inversion Test and Perception 

Holistic visual perception results in exceptional performance in 

remembering faces, and for dog judges, dogs, that have been previously seen.  

However, holistic perception only works with faces and objects when they are 

right-side-up.  The spatial relationships which allow a person to integrate 

information holistically do not exist with upside-down objects, or at least, the 

mind is unable to flip those relationships up-side-down.  So to find holistic visual 

perception, a researcher exploits the difference in accuracy that holistic perceivers 

show when discerning and remembering objects right side up and upside-down in 

what is referred to as an “inversion test”.  Developed in the 1960s to demonstrate 

the skills people use in observing and remembering human faces (Yin 1969), this 

test was altered by Susan Carey and Rhea Diamond to investigate the perception 

of environmental objects in the 1980s (1986).  The methods they used to test 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
9 Ideally, there would exist a category with high levels of interactive experience and low levels of interest 
but such a category does not exist. 
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visual perception were followed in my test in Bali except that roosters were the 

animals that were used rather than dogs. 

 To create an inversion test, a large number of photographs of roosters are 

needed in which the roosters have a matching background and similar angle to the 

camera.  This process involved taking multiple photos of roosters with a blue 

cloth background with a high-speed camera.  These photographs were then 

digitally altered to give a more uniform background and to alter changes in the 

ground in front of the roosters.  From approximately 160 standardized photos of 

roosters, 30 rooster photos were selected to be the observed roosters in addition to 

30 decoy roosters which looked similar to the roosters that subjects were initially 

shown.  Subjects were shown 15 right-side-up rooster images at 5-second 

intervals and then shown 15 images of the original roosters with decoy roosters.  

Subjects were asked to choose which rooster they had previously seen.  Then 15 

inverted images of new roosters were shown at 5-second intervals followed by 15 

sets of inverted original roosters and decoys.  A subject using holistic visual 

perception would be able to perform the task of remembering and selecting the 

original rooster at a high degree of accuracy in the normal condition and their 

ability to do so would vastly diminish when the images were inverted which is 

called the “inversion affect”. 

 Subjects in Bali were divided into a priori categories by the degree to 

which they were interested in cockfighting and the amount of time they spent 

interacting with roosters.  Individuals in several villages in the Regency of 
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Gianyar were divided by research assistants into four categories ranging from 

extremely interested in cockfighting to showing no interest at all.  There was an 

additional category of seven Balinese who were noted breeders and trainers of 

roosters for cockfighting. 

 

Illustration 13: Normal Condition 
 
   

 
Original 

        
Original and Decoy 

 
 
Illustration 14: Inverted Condition 
 

 
Inverted Original 
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Inverted Original and Decoy 

Illustration 15: Results of inversion test 

 
 A total of 89 subjects were in one of the three categories (46 uninterested, 

36 avid cockfighting attendants and 7 breeders, trainers and referees).  They were 

all men and between the ages of 18 and 50 which was necessary due to human 

subjects regulations and the lack of access to reading glasses for older Balinese.  

Because of the need to test breeders, trainers and referees to gain some statistical 
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significance the amount of subjects in each category is likely not a proportional 

representation of Balinese society.   

Results 

As illustration 17 shows, the three groups scored differently on the normal 

and, to a lesser extent, on the inversion test.  The “uninterested” category 

averaged approximately 9.5 on the normal category and slightly worse at 8.5 for 

the inverted images (p<.078, n=46) making the difference between the conditions 

statistically insignificant for this category.  The avid cockfighting enthusiasts 

scored roughly 10.5 in the normal condition and 8.5 in the inverted condition 

(p=<.0001, N=36).  The breeders, trainers and referees scored significantly higher 

on the normal condition (12.9) and their scores dropped to approximately 8.2 on 

the inverted test (p<.0001, n=7).  The approximately 35% drop in performance 

from the normal to inverted score for breeders, trainers, and referees category 

compared to the 8 and 18 percent drop for the uninterested and enthusiast 

categories, respectively, is evidence for holistic visual perception for the category 

of breeders, trainers and referees (Diamond and Carey 1986). 

Conclusions: Humans, Animals and Perception 

These are the first findings from a non-Western society that show holistic 

visual perception for objects other than human faces.  The perceptual technique 

used by expert dog judges is qualitatively similar to those who breed, train and 

referee roosters in Bali.  This is evidence that holistic visual perception can exist 

in a village setting and is not only the result of highly differentiated niches found 



 

 

79	  

in modern societies.  The finding that only breeders, trainers and referees use, as a 

category, holistic visual perception when looking at roosters demonstrates the 

importance of extensive interaction with roosters for this skill to develop.  As 

those with a great deal of interest in cockfighting (avid cockfighting category) do 

not, as a group, show holistic perception of roosters, intense symbolic and 

personal interest is not sufficient for developing holistic perception.  Additionally, 

the ubiquity of roosters in Balinese communities and their existence as a 

household pet for most families makes casual observation of them a daily activity 

for most Balinese.  However, this type of observation does not result in holistic 

visual perception.  It is only among those who spend time training multiple 

roosters with the intent of making them better fighters who develop such 

perception. Thus holistic perception in Bali for roosters is not the result of casual 

observation, deep interest in cockfighting or considering roosters as an extension 

of one’s social world.  Rather it requires considerable interactive attention and 

experience with roosters for this type of perception to emerge. 

Numerous ethnographic accounts demonstrate that different communities 

see these animals not as animated objects in an environment but as subjects in 

social relationships with humans.  This blurring of distinction between the social 

and natural worlds has been attributed to different symbolic systems (Lévi-Strauss 

1962; Descola 1996), subsistence modes (Ingold 1980, 2000; Herskovits 1926), 

the religious systems of totemism (Frazer 1996 [1890]) and cognitive patterns 

(Lévy-Bruhl 1923).  The findings from this research point to the importance of 
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sustained and interactive experience for creating holistic perception.  Both Tim 

Ingold and Melville Herskovits, in their examinations of pastoralism, position the 

degree and type of interaction with animals as a key determinant of perceptual 

emphasis and cultural elaboration on animals.  Though the implications of finding 

that only some Balinese see roosters as people does not necessarily imply that 

these individuals identify with roosters at a deeper emotional or social level than 

others.  However the striking finding that environmental objects can become 

social subjects at the level of perception suggests there are aspects of fetishism, 

totemism and other experiences of the natural world for which anthropology has 

yet to account. 

Totemism has been the subject of much anthropological literature 

(Durkheim 1995 [1912], Leví-Strauss 1962).  Many societies commonly project 

some type of social relationship between human and animals and imbue specific 

animals, most notably pets, with a form of subjecthood.  Whereas most 

anthropomorphism of animals takes place in contexts marked with propinquitous 

physical relationships in agricultural and industrial societies, totemic animals are 

almost always not domesticated animals (Ingold 2000).  If the finding that only 

extensive interactive experience results in the development of holistic perception, 

this suggests that totemism, because of the limited interaction between people and 

totemic animals in the wild, is unlikely to produce such a change in perception. 

This is surprising, since the purpose of totemic classification is to use animals and 

plants to define social relationship at the level of communities and individuals. 
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If a link can be made between holistic perception for specific animals and 

a greater identification with certain animals, the implications for social theory 

expand beyond the field of cross-cultural perception.  In Bali, the extensive 

interactive contact cockfighting experts have with roosters stems from symbolic 

and social institutions common in Southeast Asia.  However, the quotidian 

interactions humans have with animals in many other parts of the world are 

because of ecological necessity, most particularly subsistence systems in arid and 

semi-arid regions where agriculture is not possible (Netting 1986).  This sustained 

interactive exposure to animals may in fact drive the creation of holistic 

perception, as is the case in Bali, which in turn may be a cause in the strong 

identification these communities have with their livestock as Herskovits (1926), 

Evans-Pritchard (1953) and Ingold (1980) illustrate.  Perhaps ecological necessity 

results in interactive experience that in turn creates holistic perception and thus 

causes greater identification with certain animals.  If a stronger link between 

holistic perception and identification of animals were empirically validated, it 

would provide greater insight into the conceptual and affective relationships of 

pastoral cultures with their livestock.  In conclusion, these results from Bali raise 

new questions about how specific animals can enter our social world in ways not 

consciously known, in which the relationship between labor, identification and 

perception is foregrounded. 
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EMIC FOODWEBS AND THE ROLE OF PRAXIS IN SUSTANTIVE ECOLOGICAL 
KNOWLEDGE 

 
 

In the 1970s, ethno-science became a recognized field of anthropological 

research. Classic studies by Brent Berlin (1974) and Harold Conklin (1975) 

investigated the ways in which different cultures create taxonomies of plants and 

animals, focusing on the structure of phylogenies and principles of classification. 

These studies married the perspectives of systematics in biology with Lévi-

Straussian structuralism, leading to discoveries about the ways formal lexical 

knowledge of the natural world is logically codified. The initial emphasis on 

taxonomic principles was later criticized by Roy Ellen (1999), who observed that 

this approach neglects substantive knowledge (for example, information about the 

behavior of species). Ellen warned ecological anthropologists that a shift in emic 

knowledge content is also a transition from one type of knowledge to another.  He 

noted that folk-taxonomic information is a type of formal lexical knowledge.  It is 

the most apparent and readily shared kind of environmental knowledge possessed 

by an individual or community.  Because nomenclature is the most easily 

transmitted form of knowledge within a community and between informants and 

anthropologists, it is the shallowest form of knowledge about a species; yet, also 

the most commonly used for ethno-biological data within anthropology (Ellen 

1999). Consequently, Ellen distinguished formal lexical knowledge from other 

types of environmental knowledge which he terms substantive knowledge.  
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Substantive knowledge includes information about a species’ reproductive habits, 

uses for humans and position in food webs.  Two questions emerge from Ellen’s 

thesis: First, what substantive knowledge exists within a community; and, second, 

what are the processes that shape this type of knowledge. Here I examine these 

issues in the context of the substantive knowledge of Balinese farmers about their 

rice paddies.  

The analysis to be presented here proceeds in four steps.  First, an explicit 

formal model of indigenous knowledge is defined.  Second, subject’s knowledge 

of the structure and functional relationships in food webs are treated.  Third, 

variation in men and women’s substantive knowledge is analyzed.  Fourth, the 

causes of this variation are investigated from the standpoint of praxis: the effects 

of differing experiences of social labor (Marx 1978[1886]; Blakeley 1979; 

Rasmussen 1979). This approach shifts the analytical focus from formal to 

substantive ecological knowledge, and from variation between cultures to 

variation within them. Because this represents a departure from the usual methods 

of ethno-scientific research, before turning to the results of the Balinese study, I 

discuss the specific questions and goals that motivate this investigation. 

Limitations of formal lexical studies of whole cultures 

 Until now, studies of what Ellen calls substantive ecological (or ethno-

scientific) knowledge have largely been carried out from within the paradigm of 

formal lexical knowledge (Berry 1966; Bird-David 1990; Ji et al 2000; Kitayama 

et al 2003; Nisbett 2003; Miyamoto et al 2006), masking the processes that may 
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be critical to the formation of substantive knowledge.  A notable exception is the 

work of Scott Atran and colleagues (2002), who compare the ecological models 

of food webs of three groups sharing the same forest in Belize. They argue that by 

isolating the “sociocultural factors” of social networks and cognitive models of 

ecological interactions, one can determine the importance of culture in the use of 

the forest, a relevant question for conservationists and development projects. 

Illustration 19 spatially represents the findings from one of their experiments.  

Each section on the grid shows the percentage of informants within the group that 

stated that a specific plant had a positive effect on a specific animal.  The higher 

the section of the grid, the greater the percentage of informants considered that the 

plant had a positive effect on the animal.  Though there are clear differences 

between the three groups regarding their views. Their results show clear 

differences in the distribution of knowledge between the three groups. But they do 

not examine the causes of variation within each group, and consequently cannot 

offer an explanation for the observed variation.  
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Illustration 16: Atran et al’s (2002) x and y tables representing the proportion of 

informants from three groups that thought a given plant helped a specific animal.  

Atran and colleagues do address the internal character of the Itza’, Ladino 

and Q’eqchi communities from which these emic ecological models are taken by 

conducting social network analysis.  Informants were asked to list those upon 

whom they relied in the community for ecological knowledge.  Their findings are 

demonstrated in diagram 3 which shows the variance in the interconnectedness of 

within communities.  These diagrams in visually illustrate the degree to which 

these groups are socially integrated regarding sharing ecological knowledge. 
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Illustration 17: Networks within Itza’, Ladinos and Q’eqchi’. 

The networks above demonstrate how connected subjects are in each 

group regarding the sharing of ecological knowledge.  However, as Ellen 

contends, substantive knowledge, of which information about which species eat 

which species, is less easily transmitted through language and thus more likely to 

differ within communities.  The graphs also show large variation in subject’s 

knowledge of species interactions, but this is not explained by Atran and 

colleagues.  Variation in knowledge content between and within groups is also not 

addressed. The absence of information about knowledge content and the 

differences in knowledge within groups follows the paradigms and goals of earlier 
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research in indigenous nomenclature and taxonomy which compare multiple 

cultural groups to find the importance of culture in environmental knowledge.  

Moreover, the connectedness within these communities does not correspond to a 

more uniform knowledge of ecological interactions or conformity regarding 

which species aides other species.  Though the Itza’ have the least connected 

social network regarding sharing ecological information, they have what appears 

to be the most uniform set of ecological knowledge.  Their frequency table is 

characterized by the high peaks showing that nearly 100 percent of informants 

responded that the respective plant helps the respective animal or flat squares 

representing no informants thought their was a positive interaction between the 

two species.  That social connectedness does not correlate to the uniformity of 

ecological knowledge suggest that processes in addition to social transmission 

shape individual’s knowledge of ecological interactions. 

Applying the analytical techniques and research organization that arose 

within formal lexical knowledge to studies of substantive knowledge can result in 

only a section of the potentially significant findings to be examined and given 

exegetical treatment by anthropologists.  As social connectedness does not 

necessarily correlate to ecological knowledge in the study by Atran and 

colleagues (2002), it suggests that this type of substantive knowledge may be 

transmitted by non-discursive processes.  Though certain parts of substantive 

knowledge may be the result of communication between people, a study of Itza’, 

Ladino and Q’eqchi’ environmental nomenclature and taxonomy would certainly 
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be more uniform within cultural groups and show more rigid distinctions between 

them.  To address what other factors shape substantive knowledge, the following 

study in Bali attempts to find patterns of knowledge variation within a single 

community and connect these differences with divergent modes of labor. 

 

Method 

In the wet rice agricultural communities of Bebalang and Kawan in the 

Regency of Gianyar in central Bali, 28 male farmers and 18 housewives10 took a 

test to demonstrate their knowledge of ecological interactions.  Informants were 

asked to link species found in Bali with the species they ate and the species that 

ate them on a uniform page containing images of species (diagram 4).  There were 

total of 38 species: 17 vertebrates including mammals, birds, reptiles, amphibians 

and a fish; 11 invertebrates including a crustacean (crab), mollusk and nine 

insects; eight types of plants and one species of algae and an image of manure 

(listed in table 3).  After informants were given directions, explained the species 

that were difficult to visually represent (#27: mustard greens, #32: grass, #34: rice 

and #35: algae) and shown an example of “the mouse eats the rice and the cat eats 

the mouse”, they had 15 minutes to complete their food webs.   

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
10 All informants had been raised in agricultural villages in this part of Bali. 
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Illustration 18: Standard sheet given to informants to create emic food webs. 

 

 
Illustration 19: List of species 
1. Python reticulatus (Asian python) 
2. Canis lupus familiaris (Dog) 
3. Feli catus (Housecat) 
4. Bos primigenius (Cow) 
5. Small Garden Snake (species unknown) 
6. Capra aegagrus hircus (Goat) 
7. Homo sapiens (Balinese Man) 
8. Sus scrofa (Domesticated Pig) 
9. Mus musculus (Mouse) 
10. Grus (Crane) 
11. Litoria infrafrenata Frog 
12. Freshwater Fish 
13. Anas plytyrhynchos domesticus (Bali Duck) 
14. Freshwater Crab 
15. Gallus domesticus (Rooster) 
16. Hemidactylus frenatus (House Gecko) 
17. Viviparidae bellamyinae (Asian Water Snail) 
18. Black Ant 
19. Centipede 
20. Spider 
21. Dragonfly  
22. Bumblebee 
23. Blattella ashinai (Asian Cockroach) 
24. Mosquito 
25. Gryllotalpidae Mole Cricket (Gaang) 
26. Orthoptera acridiadae (Asian Cricket) 
27. Brassica juncea (Mustard Greens) 
28. Cocos nucifera (coconut tree) 
29. Thelypteris decursive-pinnata (Asian Fern) 
30. Toxicodendron (Asian Ivy) 
31. Nelumbo nucifera (Lotus) 
32. Poaceae (Grass) 
33. Zea mays (Corn) 
34. Oryza sativa (rice) 
35. Cyanobacteria (algae) 
36. Manure 
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Findings 

Comparing the food webs of men and women, the most apparent 

difference is that men make more ecological connections than women.  Men 

average 57 connections while women average 37 (graph 5).  Given the 

representative species in the food web exercise, men understand wet rice 

ecosystems as more interconnected than women.   

 

Illustration 20: The average number of connections by gender. 

Men did not simply make more ecological connections in the exercise than 

women.  Beyond this aggregate difference in total connections made, there is 

variation in the types of species that men and women know about.  Men’s 

knowledge is greater at the trophic level of insects and plants (graph 7 and 8).   
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Animals make up 45 percent of the species being eaten in the food webs of 

housewives while only 28 percent of the species being eaten for men.  The greater 

prominence given animals in the food webs of housewives is also shown in the 

larger proportion of predator species given to animals, 78 percent for women and 

59 percent for men.  This is the result of greater knowledge of the role of role 

plants and insects have in ecological for men than a absolute difference in 

knowledge between men and women regarding what larger animals eat and are 

eaten by.   

Discussion 
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Illustration 21: Showing distribution 
by category of species eaten by other 
species. 

Illustration 22: Showing distribution by 
category of species that eat other species. 
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The most significant question these findings raise for the social sciences 

and the study of knowledge creation is what processes account for men’s greater 

knowledge of ecological interactions at the trophic levels of insects and plants.  

Although there are clearly differences in knowledge which is correlated to gender, 

these differences are not because of gender.  For example, the distances scores in 

the long-jump section at a given track and field meet will differ according to 

gender.  However, much of this variation is associated with intrinsic anatomical 

and physiological differences between men and women.11  The gender differences 

in Bali are not associated with known intrinsic qualities of men and women nor is 

the division of labor in Balinese paddy agriculture necessarily the result of 

different physical abilities.  The use of draft animals and ploughs, often associated 

with the division of labor in agricultural communities (Boserup 1970; Alesina et 

al 2011), is largely absent in Bali and women do the most rigorous labor in the 

field during planting and harvesting.  In this study, the gender division also 

corresponds to different locations where each gender conducts most of their work 

(Jha 2004).  For this reason, the difference in ecological knowledge could be 

attributed to the fact that women do not have a familiarity with the rice paddy 

setting.  However, as discussed above, women do work in the fields and thus 

come into contact with most of the species that male farmers do.  Additionally, all 

species, with the exception of the crane, in the standard food web sheet are found 
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
11 Though much of this variation would be accounted for my such physical differences between men and 
women, other causes that are associated with gender but not necessarily intrinsic to gender is whether or 
not a given society provides equal nutrition to women and men and emphasizes the long jump as a sport for 
both. 
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around the household including algae and fish in small ponds.  It is not that 

women do not come into contact with these species, but that the context in which 

they interact with species differs from that of men. 

In Bali, male agriculturalists manage the rice fields throughout the 

planting, growing and harvesting seasons.   Women, working in groups comprised 

of family members and village residents, plant and harvest rice (Jha 2004).  There 

is little difference in the potential for basic observational experience between men 

and women in Bali that might define communities such as the Achuar Indians of 

Ecuador in which men hunt in the forest and women remain near the home to tend 

to gardens and family as described by Philippe Descola (1996).  Moreover, there 

are no taboos against women knowing ecological information, the sharing of 

environmental knowledge within the village or a bicameral organization of 

knowledge within Balinese society based on gender.  The differences in 

ecological knowledge between men and women in Balinese agrarian villages is 

not the result of gender, or basic differences in observational experience of the 

natural world, but rather, the type of interactive labor performed on the 

environment. 

Balinese men’s agricultural labor involves planning for the growing of rice 

and managing the fields during multiple stages the season and fallow periods 

which require extensive periods of interactive experience within rice fields 

(Lorenzen and Lorenzen 2011).  Women’s labor in the field involves the physical 

manipulation of rice stalks into straight lines at the correct depth in the wet paddy 
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during planting season and the cutting of stalks and sifting of grain in the 

harvesting season.  Although both work in the fields, their labor differs, as 

women’s labor is largely mechanistic and in much of the world, machines have 

replaced this type of work during planting and harvesting.  Men’s work, though it 

involves materially manipulating the fields, is largely comprised of knowing 

about how to alter the rice’s growth within an ecological system.  The difference 

between Balinese men and women’s labor in the rice field reflects Marx’s 

distinction in Capital Vol. 1 between the architect and the bee (1978[1886]).  The 

time spent observing and interacting with rice fields has resulted in additional 

ecological knowledge for Balinese men.  When asked how they knew that spiders 

ate crickets or that crickets ate green vegetation, Balinese farmers explained that 

they continually watched such things take place which in the fields. 

That Balinese farmers know more about ecological interactions at the 

trophic levels of insects and plants does not necessarily mean that this knowledge 

is functional and thus adaptive.  Though observational experience and interaction 

with rice increases a subject’s knowledge of insect and plant interactions among 

Balinese, this knowledge may not increase rice yields.  Other than birds,12 rice 

pests are not actively managed by the individual actions of Balinese farmers.  As 

studies by Stephen Lansing have shown (1991; 2006), pests in Balinese agrarian 

villages are mostly managed by the traditional association of farmers, or subaks, 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
12 Balinese place bamboo reeds into the ground with attached flags whose movement in the wind 
sometimes prevents birds from feeding on the rice in the field. 
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through their coordinated flooding and harvesting of rice fields.  Balinese farmers 

do not employ traps for mice or other pests in fields.  Moreover, farmers regularly 

kill snakes found in the fields as well as maintain considerable hostility towards 

cats and other animals that prey on rice pests.  There are Balinese who rent out 

large numbers of ducks to farmers to live in the fields in between harvesting and 

planting rice.  The ducks are known to eat insects in the rice paddies but are not 

managed by rice farmers but duck herders (perternak bebek).  Perhaps the only 

ecological interaction to be encouraged by individual farmers is the addition of 

fish to their rice paddies.   Given the limited agency a Balinese farmer has for 

controlling pests by increasing the number of spiders in his rice field for example, 

whether knowledge of ecological interactions at the trophic level of insects and 

plants is functional and thus an adaptation or simply emerges from experience 

interacting with plants within a rice field remains unknown. 

 Though there has been a transition from formal lexical knowledge to 

substantive knowledge, detailed studies with robust data collection techniques and 

extensive analytical methods that examine emic models of ecological interactions 

(Atran et al 2002; Atran and Medin 2008) still organize their methods, questions 

and findings around issues from qualitatively different ethno-biological research.  

Contemporary research does so by following the research design of studies of 

formal lexical knowledge through focusing on both differences between cultures 

and the social mechanisms through which ecological information is transmitted. 

This article’s study of emic food webs within Balinese villages takes an 
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alternative approach to ethno-biology by focusing on variation within 

communities, the differences in specific content of a subject’s ecological 

knowledge (which species eat which species) and the non-discursive processes by 

which such information is acquired.  The findings that given a standardized map 

of species (diagram 4), men place greater focus on insects when constructing food 

webs demonstrates the importance of praxis and non-discursive processes for 

knowledge formation. 
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