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ABSTRACT 

 

The unusual vocalizations of our nonhuman primate relatives have long fascinated 

anthropologists and primatologists.  To understand what these animals communicate, 

researchers have recorded and played back the calls of many species of primate.  In 

the summer of 2012, I embarked on a five week study of five male captive red ruffed 

lemurs (Varecia rubra) in order to create a behavioral vocal repertoire for this species. 

During this short study, I recorded 977 vocalizations and grouped over 800 of these 

into ten definitive categories: the bray, chatter, growl, growl-snort, grunt, mew, pulsed 

squawk, roar-shriek chorus, sniff, and squeal.  A comparison of the contexts of these 

calls to the contexts of the closely related black-and-white ruffed lemur (Varecia 

variegata) revealed marked similarities and differences.  Though I was able to 

confidently assign a function or context to most of these calls, I believe the results of 

this work would benefit from a year-long study of these lemurs.  

 

_____________________

Anthony Andrews 

Division of Social 

Sciences 
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Chapter I:  

Behavioral Vocal Repertoires  

and Red Ruffed Lemurs 

 

Introduction 

Our Earth is a noisy place: Animals as large as whales and as small as frogs fill 

the jungles, forests, savannahs, and seas with their caws, chirps, cries, and songs.  

Human observers have long listened to and wondered about these strange noises.  It 

has been only recently, though, with the invention of audio and visual recorders, that 

we have had a means to record and study these vocalizations.  Ornithologists, marine 

biologists, and primatologists have begun to study the calls and songs of birds, marine 

mammals, and primates respectively in an attempt to understand what they are 

communicating and why.  While the study of such things may seem superfluous on the 

surface, each offers something useful to our understanding of our world.  

Of particular importance is the study of primate vocalizations.  As our closest 

living relatives, nonhuman primates represent to many scholars what early man might 

have looked and acted like.  It is for this reason (among many others) that it is 

immensely important to protect these animals from extinction.  From the point of view 

of conservation biologists, studying primate vocalizations can directly improve the 

accuracy of their population estimations which will help policy writers better protect 

these animals (Terry et al. 2005; see Chapter II for more detail).   From the point of 
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view of anthropologists, studying primate vocalizations could help reveal how humans 

evolved their varied and complex language.  

While there are those who do not believe we can or should look to our primate 

relatives to explain the evolution of our language (see Chapter II for more detail), the 

majority of scholars still believe the answers to our questions lie in our humble past.  

The first step to understanding our relatives’ vocalizations is to familiarize ourselves 

with their many distinct calls.  This is accomplished through the creation of a 

behavioral vocal repertoire. 

 

Behavioral Vocal Repertoires 

I define a behavioral vocal repertoire as a list of all of the vocalizations one 

species of animal can make and a description of the possible meanings or purposes of 

each call.  In this paper, I will discuss the methods I used to create such a repertoire 

for a population of red ruffed lemurs (Varecia rubra).  While this will be the first 

behavioral vocal repertoire created for the red ruffed lemurs, it will not be the first for 

the genus Varecia (see Periera et al. 1988 and Morland 1991).  As early as the 1980s, 

primatologists have been studying the vocalizations of the black-and-white ruffed 

lemur, Varecia variegata.  Until very recently, the red ruffed lemurs were 

taxonomically listed as Varecia variegata rubra, which classified them as a subspecies 

(see Vasey and Tattersall 2002).  It is perhaps for this reason that so few scholars have 

focused on the vocalizations of the red ruffed lemurs; they may have assumed that 

studying the calls of one closely related species would explain the calls of the others. 
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Though the primary goal for my field research was simply to create a behavioral 

repertoire for this species, I feel it is necessary to compare the final vocal repertoire of 

the red ruffed lemur to that of the black-and-white ruffed lemur to determine what 

similarities and what differences these two species share.  Any similarities among 

these repertoires would suggest that the lemurs of the genus Varecia are capable of 

communicating similar ideas to one another despite their genetic differences.  

 

Summary of Chapters 

In the following sections of this first chapter, I introduce the lemurs of 

Madagascar and the subject of this work, the red ruffed lemurs.  In the second chapter, 

I discuss why it is useful to study primate, specifically prosimian, behavior and 

vocalizations.  I then summarize the findings of previous studies on primate 

vocalizations and what their findings contributed to the field.  I conclude the second 

chapter by narrowing my focus to review all of the studies and experiments on the 

vocalizations of the red ruffed lemurs and what they contributed to the general 

knowledge of the vocalizations for this species. 

 In the third chapter, I describe the goals, history, and facilities of the Lemur 

Conservation Foundation (LCF) where I conducted my research.  Next, I introduce the 

five red ruffed lemurs that I observed, and discuss their personal histories.  I then 

describe the methods I used to record and analyze data and the definition, purpose, and 

results of an Inter-Observer Reliability Test. 
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 In Chapter IV, I present the results of my observations.  In Chapter V I discuss 

the results of my study and present a behavioral vocal repertoire for the red ruffed 

lemurs.  I then compare my results to the published behavioral repertoires for the 

black-and-white lemur to examine the similarities and differences between them.  In 

the conclusion to this work, I review the accomplishments of this thesis, and discuss 

the limitations to and the future of this project.  

 

An Introduction to the Malagasy Lemurs 

Before the geological history of the island of Madagascar was known, it was 

assumed that the island’s fauna separated from the mainland with the island.  When it 

was discovered that Madagascar split from the supercontinent Gondwanaland 160 

million years ago and assumed its present day position around 90 million years ago 

(well before the Age of Mammals; Figure 1), the old idea was scrapped (Mittermeier 

et al. 2006: 23-25). 

 Today, the most likely scenario for the appearance of mammals on the island is 

the floating landmass hypothesis.  This suggests a piece of land broke off from 

mainland Africa and crossed the Mozambique Channel carrying on it the ancestors of 

the modern Malagasy lemurs.  The most recent chromosomal and molecular evidence 

suggests that all extant lemurs are descendants of one founding population.  These 

data imply that, until humans, there was only one migration of primates to the island 

(2006: 25). 
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 Today, there are over 70 species of lemurs alive on Madagascar (11% of the 

world’s non-human primates).  Since humans arrived on the island around 2,000 years 

ago, around 16 species of lemurs went extinct (2006: 26).  Of the Lemuriformes, 13 

species are considered “Vulnerable,” 12 are considered “Endangered,” and five are 

considered “Critically Endangered” by the IUCN (International Union for 

Conservation of Nature) Red List (IUCN 2012).  
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Figure 1.  Map of Madagascar relative to Africa 
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 The greatest threat to these lemurs’ peaceful existence is deforestation.  Native 

Malagasy clear large areas of the forest to make room for their rice paddies, cash 

crops, and cow pastures.  Fuel wood consumption and illegal logging have also taken 

their toll on the environment.  An estimated 90% of the original forest of Madagascar 

has been lost to these practices (Mittermeier et al. 2006: 59). 

 The second greatest threat to the lemurs is hunting (2006: 67).  Primatologists 

believe the large, slow moving lemurs of Madagascar were hunted to extinction 

shortly after humans arrived on the island.  To this day, natives illegally hunt certain 

species of lemurs for their taste or prestige.  The black-and-white ruffed lemur, for 

example, is considered delicious, and the hair on its neck is used to make a tea that 

relieves stubborn coughs (2006: 67).  In addition to government laws, strong taboos 

(locally known as fady) prohibit the consumption of certain lemurs for various 

reasons, but, as the island’s population continues to grow, the hold of these fady 

diminishes, and people have begun to hunt any and all types of lemurs (2006: 69).  

 

An Introduction to Varecia rubra 

 The infraorder Lemuriformes is divided into five families: Daubentoniidae, 

Cheirogaleidae, Indridae,  Lepilemuridae, and Lemuridae (2006).  The first three of 

these families are nocturnal.  The Lemuridae is made up of the genera Eulemur, 

Hapalemur, Lemur, Prolemur, and Varecia (2006). The red ruffed lemurs, as stated 

above, belong to the genus Varecia, and are believed to have been one of the earliest 

branches of Lemuridae (Vasey 2003: 1333).   
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Red ruffed lemurs are one of the island’s largest lemurs with a head to tail 

length of 100 to 120 cm (39 to 46 inches) and a weight averaging 3.3 to 3.6 kg (seven 

to eight pounds) (2006: 321).  The only lemurs larger than the ruffed lemurs are 

certain species of indri (genus Indri) and sifaka (genus Propithecus) (personal 

interview with N. Vasey, March 28, 2013).  The torsos and limbs of the red ruffed 

lemurs can be any color from a deep red to a light orange.  The underside of their torso 

and limbs, their tail, and their face is black.  Most have a white patch on the nape of 

their neck and red tufts around their face (Figure 2).  Variations of color and patterns 

are common occurrences for this species. 
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Figure 2.  Light Orange Red Ruffed Lemur 
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 They are found today in the Masoala Peninsula in the North-East corner of 

Madagascar (Figure 3).  Though they are separated by the Antainambalana River from 

the black-and-white ruffed lemur, hybrids have been observed in both captive and wild 

populations.  The red ruffed lemurs are the most frugivorous of Madagascar’s lemurs; 

fruit makes up anywhere between 75% and 90% of their diet while flowers and leaves 

make up the remainder of their intake (Mittermeier et al. 2006: 322). 

 The red ruffed lemurs are described as a fission-fusion
1
 community.  Groups 

are multi-female and multi-male with around five or six individuals in each (2006: 

322). These groups have and defend home ranges around 20 to 30 hectares (2006: 

322).  Within these home ranges are core groups where one or two individuals spend 

most of their time.  Males spend little time outside their core group, while females will 

travel to other females’ core groups during the lactation period to socialize and forage 

for food.  In the colder months during gestation, females will restrict their ranges to 

preserve energy for their costly gestations (Vasey 1997: 83).  

 The red ruffed lemurs have the shortest gestation period of any lemur on the 

island which lasts 99 to 106 days (1997: 7).  They give birth in the dry and warm 

month of November to a maximum of five young.  Unlike many other species of 

lemurs, the red ruffed lemurs do not carry their young around with them; instead, they 

stash their young, usually in abandoned, hollow trees (1997: 8).  All lemurs in the 

group care for young infants, regardless of sex (1997: 8).  The infants live for the first 

                                                             
1 A fission-fusion community is one where group members travel or act independently for part of the 

time (fission), then re-group later (fusion).  
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few months off their mother’s milk which is high in dry matter, protein, and fat.  This 

diet allows them to grow and become independent of their mothers more quickly 

(1997: 8). 
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Figure 3.  Map of Madagascar 
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 Lemurs can live up to 20 and sometimes 30 years in captivity (personal 

interview with N. Vasey, May 1, 2013).  Life expectancies for wild lemurs are likely 

lower as they do not have the specialized care and protection from disease, 

malnourishment, and predation that captive lemurs receive.  The greatest nonhuman 

threats to lemurs are snakes, large birds, and mongoose. Animal predation on the 

larger lemurs is difficult, however, and humans still pose the biggest threat to these 

animals through deforestation and hunting practices.  The IUCN lists the red ruffed 

lemurs as an endangered species and the black-and-white ruffed lemur (that occupies a 

much larger part of the island) as critically endangered (2012). 
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Chapter II:  

Past Research on Lemur Vocalizations 

 

The Importance of Studying Animal Behaviors and Vocalizations 

Though it is one of Earth’s largest islands and is relatively close to the African 

mainland, Madagascar was colonized by humans only a few thousand years ago 

(Mittermeier et al. 2006: 15).  It is not hard to imagine those humans’ first introduction 

to the unique fauna of Madagascar, and it might have happened on the first day of 

their arrival.  Vocal, but shy and cautious, the Malagasy lemurs likely gave the 

newcomers a raucous welcome to the island.  

As with all primates, lemurs have piqued the interest of many people: some 

biologists, some anthropologists, and some without a scholarly title.  Each studies 

primates for different reasons.  Primates play an important role in their environmental 

ecology: they actively pollinate or disperse seeds simply by eating forest flora 

(Cowlishaw and Dunbar 2000: 2).  Conservation biologists, be they botanists or 

primatologists, know that deforestation, trapping, and poaching does not affect only 

primates.  When they study (and protect) primates, they help ensure the success of 

other species, both plant and animal, that coexist and sometimes depend on primates 

living in the same jungle or savannah (2000: 2).  Even economists and government 

officials should have an interest in studying and saving the primates living in their 
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country; whole industries have sprung up around the idea of showcasing primate 

species in their natural environment to curious travelers (2000: 2).  

Primates are recognized by many to be the only living relatives to humankind.  

As such, evolutionary biologists, anthropologists, and some primatologists study 

primates to better understand various aspects of their ancestors and themselves (e.g. 

morphology and behavior).  Studying how hominids change anatomically over time is 

the subject of many morphological studies, the most well-known being the evolution 

of bipedalism in hominines.  The study of behavior in apes, monkeys, and lemurs 

helps explain what is and is not natural behavior, uniquely human, or a derived and 

shared trait.  For example, Jane Goodall’s observations of chimpanzees (Pan 

troglodytes) brought to light the aggressive and carnivorous nature of our close 

relative, and demonstrated that hierarchical politics and war-like tendencies are not 

unique to humans (Miller 1995).  On the opposite end of the spectrum, observations of 

bonobos (Pan paniscus), an ape just as genetically similar to humans as chimpanzees, 

revealed a lifestyle with few reported instances of violence whose members use sex 

indiscriminately to relieve social tension (Waal 1998).  

 

Past Studies of Lemur Vocalizations and Their Significance 

Lemurs are particularly useful to scholars interested in the evolution of man.  

The similarities among modern lemurs, their more primitive, extant relatives
2
, and the 

35 million year old primate fossils discovered in Africa suggests that studying lemurs 

                                                             
2 These relatives include the lorises (Lorisidae), the galagos (Galagidae), and the tarsiers (Tarsiidae). 
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could provide invaluable insight into early primate and human evolution (Gamba and 

Giacoma 2006: 749).  If lemurs truly are representative of the earliest primates, then 

studying them will not only help us reveal what our earliest ancestor looked and 

behaved like but may also provide clues on what and how they communicated.  

Most primatologists believe the human language is an advanced and evolved 

derivative of primate vocal communications, but how primitive is too primitive?  After 

all, lemurs are biologically engineered with tools (such as scent glands and large 

olfactory receptors in the brain) to communicate via scent the boundaries of their 

territories or their reproductive readiness.  Wouldn’t such a creature that is so 

genetically and anatomically different from humans rely more heavily on olfaction 

than hearing to communicate?  Though this is a fair and worthy observation to make, 

most people who have heard these vocal lemurs will agree that despite their use of 

olfactory cues, the Malagasy lemurs’ social behaviors are also dependent on visual and 

vocal communication systems (Petter and Charles-Dominique 1979).  

Contrary to the majority opinion, linguist Robbins Burling argues that human 

language did not evolve from ancestral primates’ verbal (or nonverbal) 

communication, but from their cognitive abilities (1993).  

In his article, Burling frequently cites Robert Seyfarth, Dorothy Cheney, and 

Peter Marler’s 1980s work with vervet monkeys.  Though he lauds them for 

discovering that these creatures have distinct calls for specific predators that elicit 
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different but dependent responses in their fellow monkeys
3
, he disagrees with their 

conclusion that the alarm calls of the vervet monkeys are synonymous to the words 

“jaguar,” “snake,” or “dangerous bird.”  He finds it more logical to compare these 

“involuntary” calls to a smile of recognition or to the chirps of a bird than to specific 

human words (Seyfarth et al. 1980; Burling 1993). 

In his article, Burling proposes that humans have two mechanisms to 

communicate their ideas or intentions: the verbal pathway and the nonverbal pathway 

that he calls the “gesture-call” system.  After listing the similarities the human gesture-

call system shares with the primates’ gesture-call system, he concludes that human-

kind’s nonverbal communicative mechanisms are descended from a common ancestor 

that humans share with nonhuman primates.  The similarities between primate verbal 

communication and human languages, however, are outweighed by their differences.  

That the vocalizations made by apes, monkeys, and lemurs are not reflexive, are 

genetically inherited, and can’t be learned are evidence (in Burling’s opinion) against 

the popular assumption that primate communication is the source of human language 

(Burling 1993).  

Burling concluded his paper by asking whether it is even evolutionarily 

possible for two communication systems that are so different to be related. 

Is it plausible that a primate communication system could have evolved 

into language while still leaving behind a fine and well-functioning but 

separate primate communication system? I do not think so….If 

                                                             
3 For example, a vervet monkey who has spotted a jaguar will make a specific call. Upon hearing this 
call, its neighbors will jump into the trees or climb higher up into the trees. When a vervet spots a bird 

of prey and vocalizes, the neighboring monkeys will look up and descend in their trees. This ability is 

called “referential signaling” (Seyfarth et al. 1980). 
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language emerged as a product of our evolving mind we should expect 

to find an animal like ourselves, an animal with a mind that had 

become dependent on language, that in the process of developing 

language had itself been radically changed (Burling 1993: 36).  

 

While Burling’s paper rightly critiques Seyfarth, Cheney, Marler, and other 

primatologists studying communication for their failure to include nonverbal gestures 

in their studies (1993), his final remarks questioning whether evolution can bring 

about two things that are alike in some ways yet different in others is a failure to fully 

grasp the concept and process of evolution.  From this statement, it is equally apparent 

that Burling assumed for his argument that the primates that lived millions of years 

ago vocalized the same way as modern nonhuman primates do today. 

 Less radical than Burling’s idea that human language has nothing to do with 

the verbal or nonverbal capabilities of their primate ancestors is the idea that human 

language did not evolve directly from nonhuman primate vocalizations (Arbib et al. 

2008).  This idea “does not deny the importance of vocalization” but rather it 

“suggests that gesture and then pantomime offered a path to an open semantics that 

vocalization could not provide without this scaffolding” (2008: 1053).  When ancient 

primates learned to extend pantomiming to “protosigning,” and combined this with the 

already extant “protospeech,” they expanded their abilities to think and communicate, 

and thus “protolanguage” emerged and evolved (2008: 1054).  

 While I believe it is highly unlikely that human language did not evolve from 

some form of primate communication, it may be possible that human language arose 

out of a combination of gesture and speech.  This idea is fairly recent, and little work 
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has been published that includes gestures in the studies of primate communication 

systems.  To date, there are no publications studying gestures as a part of 

communication in lemurs, though some lemurs’ body positions are noted during 

specific calls in several studies.   The focus was and still is on what can be learned 

from the verbal component of lemur communications. 

 Such studies were well underway by the first half of the twentieth century.  

According to anthropologist R.J. Andrews, the majority of these studies classified 

calls into limiting categories that assumed all vocalizations were motivated by sex, 

fear, or aggression.  In his study, he listed several situations that he believed would 

elicit similar vocal responses in primate groups regardless of genera.  These were: 1. 

Perceiving a desired object; 2. Encountering a peer in a non-hostile environment; 3. 

Seeking attention, approaching a desired object, or another animal in an attempt to 

copulate; 4. The loss of contact with another group member or an attempt to reach a 

desired object; 5. Being chased; and 6. Threatening another animal (1962: 296).  

 While there are obvious gaps and limitations in Andrews’ classification system 

(such as the roar-shriek chorus and growl of the red ruffed lemurs), Andrews’ overall 

goal in this article was to critique primatologists who narrow-mindedly grouped all 

calls into categories like “alarm” or “warning” when such calls might mean something 

entirely different.  If “it is meaningless to attempt to treat scent marking or grooming 

behavior…as dependent on aggression, fear, sex, or some mixture,” then why would it 

be acceptable to assume the same about vocalizations? (1962: 313) 
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 Seyfarth, Cheney, and Marler’s 1980 article (mentioned above) was a 

milestone in the study of nonhuman primate vocalizations, because it was the first 

published study that documented primates’ ability to use what became known as 

“referential signaling” (see Footnote Three).  Their article sparked a movement within 

the field to research whether referential signaling could be found in different species 

and genera.  This was the goal of Michelle Sauther’s 1989 study on ring-tailed lemurs 

(Lemur catta).  From her 13 month observation of free-ranging lemurs in Madagascar, 

she concluded that ring tailed lemurs also used referential signaling to distinguish 

between certain perceived threats.  

 The click, or click series, is a contagious call.  When neighboring lemurs heard 

the call, they responded by moving into the trees or bushes and scanning the ground.  

This vocalization was used indiscriminately for any terrestrial predator or snake.  If 

the terrestrial predator was a fossa (Cryptoprocta ferox), dog, or human, the clicking 

would evolve into a high intensity yap.  If a Madagascar harrier hawk (Polyboroides 

radiates) or buzzard (Buteo brachypterus) perched too close to the troop, the lemurs 

would rapidly approach the bird and chirp or moan until it flew away, at which point 

the lemurs would shriek.  They were also observed shrieking whenever a bird flew too 

close to them.  These vocalizations are quite distinct from those elicited by the Black 

kite (Milvus migrans): When flocks of these birds landed on trees near the ring-tailed 

lemurs, the lemurs would move to the center of their trees and remain quiet until the 

birds flew away (Sauther 1989). 
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 There were several instances of the ring-tailed lemurs using alarm calls in a 

non-conformational event.  Sauther attributed these to misinterpretations of situations 

or to an immature lemur that was still learning when to make the appropriate call.  

Sauther also observed the ring-tailed lemurs responding to the alarm calls of nearby 

sifakas by clicking and moving into the trees (1989).  

 While vervet monkeys are believed to be able to communicate the different 

types of predators in their calls, ground squirrels moderate the “urgency” of their calls 

to describe the proximity of a predator to their group.  Due to lacking detail on many 

aspects of prosimian antipredator behavior, it was unclear whether the vocal 

antipredator behaviors of all lemurs were closer to the referential signaling observed in 

some primates or to the “response-urgency” hypothesis of the ground squirrels 

(Macedonia 1990).  To test this, Joseph Macedonia observed groups of semi-captive 

ring-tailed and black-and-white ruffed lemurs while antipredator calls were recorded 

and then played back to those groups.  

 Macedonia found that ring-tailed lemurs responded to the play back recordings 

much as they would when a predator was actually around.  Deviations from expected 

patterns were attributed to observer error and immature lemurs.  Interestingly, 

whenever an “antiraptor” alarm call was given, ring-tailed lemurs would first look to 

the vocalizer, as if to follow that lemur’s (in some cases the recorder’s) gaze to more 

easily spot the threat (1990).  

 Though the alarm calls listed for the semi-captive ring-tailed lemurs in this 

study were not the same as those listed in Sauther’s, both authors came to the same 
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conclusion that the alarm calls of the ring-tailed lemurs are referential signals (Sauther 

1989; Macedonia 1990).  The alarm calls of the black-and-white ruffed lemurs, 

however, appeared to be a response-urgency system for some calls, but a simple 

reflection of aggression or defensive disposition in others (1990).  

 While the “pulsed squawks” and the associated “wails” of the black-and-white 

ruffed lemurs were concluded to be reflective of the response-urgency system, the 

playback experiments with the antiraptor “abrupt roars” rarely caused the lemurs to 

scan the skies for predatory birds.  This led Macedonia to conclude that these calls 

were not representative of either of the systems he was studying, but of an aggressive 

or defensive disposition towards a disturbance (1990).  

 The vocalizations of the genus Varecia are unique from other lemurs in a 

number of ways, and are the focus of this study.  It was not until the late 1980s that the 

first detailed behavioral vocal repertoire for any species of the genus Varecia was 

published.  This repertoire was conducted on several semi-free-ranging black-and-

white ruffed lemurs at Duke University.  It was part of a larger behavioral ethogram 

(defined in later chapters), and did not discuss the methods used to collect and analyze 

the data for the behavioral vocal repertoire.  The study of the vocal behaviors of these 

prosimians grouped calls into 13 call type categories: the “roar-shriek chorus,” “abrupt 

roar,” “pulsed squawk,” “wail,” “bray,” “quack,” “growl,” “chatter,” “whine,” 

“grunt,” “huff,” and “mew” (Periera et al. 1988).  

 The roar-shriek chorus was described as a spontaneous call that often lacked 

any obvious stimuli.  All group members participated in the chorus; males shrieked 
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while females and immature males roared.  This chorus is described as an inter-intra 

group spacing mechanism (Periera et al. 1988: 10), but to this date primatologists still 

debate the possibility of other functions.  

The pulsed squawk call was described as an antipredator call for mammalian 

predators though there were a significant number of occurrences where no discernible 

stimuli were noted.  The wail was defined as an “all is clear” notification for when 

predators left or were chased out of the area.  The abrupt roars were thought to serve 

as indicators of the presence of raptors (1988: 12-14). 

Brays and quacks were only heard as parts of the whining vocalizations and the 

roar-shriek chorus.  This article suggests that these calls function as a part of the 

lemurs’ mating system as only the males were heard braying and quacking.  Growls 

were believed to represent a low-level disturbance, to alert the group, and to announce 

an individual’s approach.  Growl-snorts were thought to alert the group to a surprising 

or alarming situation (usually) involving mammalian predators (1988: 14).  

Chattering was believed to communicate an individual’s submission to another 

or to communicate that individual’s subordinate status.  Males were observed whining 

as an appeasement gesture during the mating season, but this call was also believed to 

convey frustration.  While grunts conveyed a caller’s mild annoyance, a huff was 

believed to represent extreme aggravation and was usually heard when an avian 

predator was nearby.  The mew was most often heard between mothers and their 

infants, though an individual occasionally mewed to coordinate with other group 

members (1988: 16). 
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Primatologists had already been studying the strange vocalizations of the 

ruffed lemurs before Michael Periera, Michelle Seeligson, and Joseph Macedonia 

published their ethogram.  The loud calls were a particularly popular subject as they 

were as complicated as they were unusual.  Scholars frequently came to different 

conclusions on the functions of the loud calls, some even contradicting themselves 

(see Macedonia 1985 and Turner and Harrenstien 1985, then Periera et al. 1988).  

  In 1985, Mary-Elizabeth Turner and Lisa Harrenstien came to the conclusion 

that the “mob roar” (roar-shriek chorus) and the “uh-uh-uh call” (pulsed squawk) of 

the ruffed lemurs were likely not alarm calls, as they had little in common with the 

alarm calls of nearby neighbors
4
.  Instead, they argued that the “mob roars” and the 

“uh-uh-uh” calls demonstrate many of the characteristics common to the morning calls 

of the gibbons that serve to direct and coordinate group movement.  They also 

suggested an internal function for these calls, postulating that they may help promote 

group cohesion during stressful times (Turner and Harrenstien 1985).  Should the 

former hypothesis prove to be correct, they argued that they would expect a group 

“leader” to initiate the mob roar. 

From their results they concluded that, contrary to Periera, Seeligson, and 

Macedonia, the “mob roar” exhibited no sexually based elements, though there was 

usually an initiator to each “mob roar” (1985: 4).  The “uh-uh-uh” call, they 

determined, rallied the group at night and announced their presence to other troops of 

                                                             
4 Turner and Harrenstien drew on Peter Marler’s 1973 piece that suggests it is to the advantage of 
primates living near one another to have similar alarm calls so that the neighboring species can also 

recognize and survive areal and terrestrial threats. Turner and Harrenstien did not discuss whether this 

is evidence of genetic similarities or primate learning capabilities. 
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lemurs, while the “mob roar” was an intra-group spacing indicator among wild ruffed 

lemurs.  In captive lemurs, it served more as an alarm call and to indicate stress in 

bond pairs (1985: 7).  

In 1991, Hilary Morland presented an exhaustive study of the black-and-white 

ruffed lemur that included a behavioral vocal repertoire. She reported 16 call types: 

the “roar-shriek,” “abrupt roar,” “pulsed squawk,” “wail,” “bray,” “quack,” “cough,” 

“intense chatter,” “growl,” “growl-snort,” “whine,” “grumble,” “chuckle,” “mew,” 

“squeak,” and the “squeal” (1991: 382-383). 

Morland observed the roar-shriek chorus occur after a male’s squeal approach 

to another female (or vice versa) and after a male received female aggression.  She 

also observed it punctuate abrupt roars and pulsed squawks and in response to the 

roar-shriek choruses of other ruffed lemurs.  She believed the abrupt roar was emitted 

simultaneously by group members “in or out of visual contact” with one another.  She 

noted that this call was also given when lemurs spotted a raptor (1991: 382).  Pulsed 

squawks and wails were observed when lemurs were in proximity to non-conspecifics, 

during abrupt roars, and possibly in response to humans (1991: 382).  

Male lemurs brayed during displays, but estrous females or females with 

infants were also heard braying.  Males quacked as a form of display (1991: 382).  

Females coughed when approached by males during the mating and birthing seasons.  

Morland believed this was a sign of aggression.  Males chattered “when threatened by 

females, especially during the mating season” (1991: 383).  Lemurs growled while 

they were travelling or when they were annoyed.  They growl-snorted during travel 
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and pulsed squawks.  The whine was only heard from males during a squeal approach 

and often led into brays (1991: 383). 

Grumbles punctuated quacks during the mating season.  Females chuckled 

during disputes with other females.  Mothers and infants mewed when they were 

separated, but adults also mewed while travelling.  Distressed infants squeaked when 

they wanted or needed their mother to return.  Females squealed when greeting 

conspecifics (1991: 383).  Like Pereira, Seeligson, and Macedonia, Morland did not 

describe how she recorded these vocalizations, or how she determined the meanings of 

the calls she observed. 

Currently, the most commonly used explanations for the roar-shriek chorus 

are: 1. As an intragroup spacing function, 2. As an alarm function, 3. As a way to 

establish or defend territories, and 4. For intergroup coordination (Geissmann and 

Mutschler 2006).  All of the explanations listed were first proposed in the 1970s, ‘80s, 

and early ‘90s; no new explanations have been suggested since then, and scholars still 

struggle to fit this call with a purpose.   

To test the plausibility of these four hypotheses, Thomas Geissmann and 

Thomas Mutschler surveyed the vocalizations of wild indri (Indri indri) and black-

and-white ruffed lemurs noting only the time of day at which each loud call occurred.  

They theorized that if the roar-shriek chorus was meant to vocally establish the 

boundaries of their territory, it would occur most often in the morning and at night, 

similar to the territorial calls of other species.  After four days of surveying, they 

concluded that since the roar-shriek chorus was not heard exclusively at dusk or dawn 
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but occurred at many different times during the day, the purpose of the chorus was 

likely not to establish the boundaries of their territory (2006).  As their study was 

conducted over a four day period only, their results should not be interpreted as 

definitive. 

 

Studies of the Vocalizations of the Red Ruffed Lemurs 

In one of these few studies on the red ruffed lemur, Joseph Macedonia (1985) 

examined the audio components to the roar-shriek chorus and the pulsed squawk to 

test whether there are sexual or subspecific elements to each.  Here he defined the 

roar-shriek chorus as an aerial predator alarm call or a rejection response.  He defined 

the pulsed squawk as a terrestrial predator alarm call and a spacing mechanism.  He 

observed a troop of black-and-white ruffed lemurs, a troop of red ruffed lemurs, and 

one hybrid ruffed lemur at Duke University.  He recorded the calls for each and 

analyzed the pulse rates, durations, and frequencies for the calls of each species’ and 

sex. 

In his results, Macedonia noted that there were no sex specific components to 

either of the loud calls he examined.  He did note that the pulse rate, duration, and 

frequency ranges between the red and black-and-white ruffed lemurs were 

significantly different.  The hybrid lemur displayed vocal behaviors that were an 

intermediate to those of the red ruffed and the black-and-white ruffed species 

(Macedonia 1985).  
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Though his study revealed the vocalizations of the ruffed lemurs to be 

significantly different from one another, these differences did not elevate the red 

ruffed lemurs from subspecies to separate species status.  Macedonia was cautious in 

his conclusion, stating that these differences could be caused by idiosyncrasies of the 

captive population and might not represent the vocalizations of wild ruffed lemurs 

(1985).  Later work conducted in the early 1990s and 2000s provided evidence that 

vocal data collected from captive populations are reasonably similar to those collected 

from their wild counterparts (Gamba and Giacoma 2007).  

While the introduction to this chapter emphasized the importance of studying 

lemur vocalizations as a way to better understand the evolution of our own 

communication systems, there is one other important reason to study primate 

communications that merits particular attention in this review.  

Conservation biologists now believe that understanding the meanings of each 

primate vocalization may help them to non-invasively assess the health of an 

individual, the genetic fitness of the group, and describe that group’s habitat use 

(Terry et al. 2005).  Current population health models, such as Population Viability 

Analysis (PVA)
5
, though useful, are biased

6
.  The predictions for animal extinctions 

by their models are often inaccurate because there is no reliable way to quantify 

                                                             
5 Population Viability Analysis uses information about a given population’s environment and 

demographics to predict the survivability of that population under specific circumstances (Terry et al. 

2005). 
6 Bias in PVA can occur when scientists attempt to account for the sampling error that can occur 

through random differences in an individual’s behavior. These sampling errors can accumulate when 

researchers catch and tag animals or use playback experiments to gather data. Problems arise when 
researchers may unknowingly catch and tag only the slow, sick, and old members of a population. 

During playback sessions, some researchers have noted that some recorded calls elicit responses from 

only a select few members of the population, and not all members equally (Terry et al. 2005). 
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seemingly random individual behavior (Terry et al. 2005).  Greater understanding of 

an individual’s nature (which, it is argued, can come from understanding an 

individual’s vocalizations) can correct for the bias in PVA and create more accurate 

population models (2005).  
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Chapter III:  Methods 

 

The Lemur Conservation Foundation 

 The research for this study took place at the Lemur Conservation Foundation’s 

(LCF) reserve in Myakka City, Florida.  Founded in 1996 as the Lower Primate 

Conservation Foundation, this non-profit corporation is “dedicated to the preservation 

and conservation of the primates of Madagascar through captive breeding, scientific 

research, education, and reintroduction” (LCF 2009: 1).  The reserve focuses on 

preserving the species that are not found in most zoos or captive breeding programs 

but are highly endangered (LCF 2009).  

 The reserve is home to six species of lemurs, but is looking to welcome more 

as it continues to expand.  Those six species are common brown lemurs (Eulemur 

fulvus), mongoose lemurs (Eulemur mongoz), red ruffed lemurs (Varecia rubra), ring-

tailed lemurs (Lemur catta), Sanford’s lemurs (Eulemur sanfordi), and collared lemurs 

(Eulemur collaris) (LCF 2009).  

 The reserve houses its lemurs in two separate enclosures.  The main enclosure 

includes a 8.7 acre forest surrounded by a 13 foot fence (where the top foot of the 

fence is set on a low voltage setting) and the Reed and Barbara Toomey Pavilion.  The 

second enclosure includes the Jim Toomey Woods (a 10.4 acre forest also surrounded 

by a 13 foot partially electrified fence) and the Marilyn K. North Lemur Lodge (Figure 

4).  The reserve recently built hurricane domes in both forests to house and protect the 
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free-ranging lemurs (the lemurs in the enclosures) during inclement weather (Figure 

5).   
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Figure 4. Map of the Lemur Conservation Foundation. Image from LCF. 
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Figure 5. Hurricane Dome. Photo from LCF website. 
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It is the goal of the LCF staff to keep the lemurs in the forests as much as possible.  In 

certain cases, however, the staff finds it useful to crate the lemurs and bring them to 

the Pavilion or the Lemur Lodge where they can be more closely observed (LCF 

2009).  

 The vegetation zones in the Myakka City lemur reserve can be described as a 

combination of “oak-pine mixed forests,…, mixed rangelands, pine flat woods, scrub 

and brush land, palmetto prairies, freshwater marsh, and wetland and mixed forest” 

(LCF 2009: 1).  The main forest is mostly an oak-pine mix and a wetland.  The 

Toomey Woods are predominately pines and palmettos.  Flooding is much more 

prevalent in the main enclosure.  Here, storm water can rise above researchers’ and 

staff’s knees and often brings into the enclosure freshwater fish, turtles, mosquitoes, 

and (occasionally) alligators.  

The LCF staff actively works to make the forests as similar to the Madagascar 

jungles as possible.  When first planning the main reserve, staff members planted 

many fruit trees and bamboo stalks with the hope that these trees would bear fruit to 

decrease the lemurs’ dependence on zookeepers and create a more natural 

environment and diet (LCF 2009).  Thus far, only the bamboo stalks have been a 

success. 

 

The Lemurs 

 In this experiment, I collected data on the five male red ruffed lemurs housed 

in the main enclosure.  There were three ring-tailed lemurs (a mother and her infant 
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and juvenile sons) and four mongoose lemurs (one female, her mate, and two sons) 

that cohabited the main forest during the time this study took place.  These three 

species of lemurs came into contact with each other most frequently during feeding 

times and during the evenings.  This close contact meant that I sometimes recorded the 

vocalizations of the other lemur species during the data collection period.  The calls 

between these different species are easily distinguished from one another, and I was 

able to separate these species’ calls out of my analysis.  

 The reserve received its first red ruffed lemurs (two females and two males) in 

2002 from the Mackie Grove and San Diego Zoos (LCF 2009).  They were Bopp and 

Hale (female) and Tsard and Tsikey (male).  In 2007, Orana (male) was born to Bopp 

and Tsard, and in 2008, the triplets Rivotra, Masoandro, and Volana (all male), were 

born to Tsikey and Hale.  Of the original four lemurs, only Tsikey survives. All of the 

four red ruffed lemurs born at LCF survive to this day.   

At the time of this study, LCF was in the middle of quarantining a female red 

ruffed lemur that will hopefully increase the ruffed lemur count at the reserve.  She 

was not introduced to the red ruffed troop until after the observation period for this 

study was over, so I did not collect any data from this lemur. 

 

Data Collection Techniques 

 Data collection occurred from June 4
th

 to July 1
st
 but yielded only 16 days’ 

worth of recordings totaling 36.5 hours.  The data collection period was interrupted 

from June 20
th
 to June 27

th
 by Tropical Storm Debby that flooded the roads to the 
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reserve and the main forest. During that time, all of the free-ranging lemurs were 

locked into the hurricane domes to wait out the storm.  They were released from the 

domes on the 29
th

 after the forest was drained and deemed safe.  Three data 

observation sessions took place while the lemurs were locked in the domes, though 

none were recorded due to concern for the safety of the recording equipment.  

 Before I began to collect data, I reviewed two behavioral ethograms.  An 

ethogram is a catalogue that attempts to list and describe all the actions and behaviors 

of one species.  It is a necessary undertaking for primatologists before they can 

conduct any field work, and it helps the primatologist’s audience understand what the 

primatologist witnessed during his or her research.  The first ethogram I studied was of 

the black-and-white ruffed lemur, and included a behavioral vocal repertoire of that 

species (Periera et al. 1988).  I studied this vocal repertoire to familiarize myself with 

the commonly used names for the calls of these lemurs (as they have the same names 

as the calls of the red ruffed lemur), and paid particular attention to the phonetic 

descriptions of these calls so I would more easily recognize them in the field.  The 

second ethogram was a purely behavioral ethogram of the LCF’s red ruffed lemur 

population, and was created by the staff.  

 Once I was familiar with these two ethograms, I introduced myself and my 

equipment to the red ruffed troop.  By familiarizing the lemurs with both me and my 

equipment before data collection took place, I ensured that they would not react poorly 

to strange people and objects.  The LCF staff requires all researchers to study the signs 

of stress and aggression in the species they are studying.  Had a member of the troop 
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displayed any signs of stress or aggression during the introduction session or the data 

collection period, I was to remove myself from their presence and notify the staff.  On 

the whole, the troop was not interested in me or my equipment, and they never 

displayed signs of aggression towards me or the microphone, though they did 

physically examine the windscreen several times over the course of the study.  

 For this study, I used a Marantz PMD 660 audio recorder with a microphone, 

microphone gun, and a windscreen.  A microphone gun is a mount (shaped like a long-

barrel gun) on which users rest their microphones. This reduces the amount of 

movement the microphone records as it is carried around.  A windscreen is a vinyl or 

fake fur slip that covers the microphone and reduces the amount of wind and 

background noise the microphone picks up.  

I began tracking the lemurs at sunrise, around 6:00.  Locating the lemurs could 

take anywhere from ten to 45 minutes, but most recording sessions began before 7:00.  

Morning recording sessions ran from 6:00 to 10:00 or 11:00.  For the first half of the 

observation period, I recorded the lemurs during the afternoon from 1:00 to 3:00 or 

4:00.  For the second half, I recorded the lemurs in the early evenings from 6:00 to 

8:00, when it began to get dark (Table 1).  By recording the lemurs in both the 

afternoon and evening, I hoped to get a wider and more accurate variety of calls and 

call functions. 
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Table 1. Times of Recording Sessions 

Morning 6:00 AM to 11:00 AM 

Afternoon 1:00 PM to 4:00 PM 

Evening 6:00 PM to 8:00 PM 
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For the first several days, I focused the microphone on one member of the 

troop, alternating between them after every 30 minute recording interval ended.  I 

watched the lemurs continuously during all intervals.  When they vocalized, I recorded 

the time, the type of call, the name of the vocalizer
7
, the vocalizer’s behavior before, 

during, and after he vocalized, the distance from the vocalizer to his nearest neighbor, 

the behavior of his nearest neighbor, the behavior of a third individual (when 

applicable), and the behavior of the group (when applicable).  

 Though I focused the microphone on one animal, I noted the behaviors of the 

other vocalizing lemurs so no data would be lost.  When I discovered that the quality 

of the recording was not positively or negatively affected by focusing the microphone 

on any one animal in particular, I decided to change from a focal/all-inclusive animal 

sampling technique to just an all-inclusive animal sampling technique, and trained the 

microphone on the group as a whole.  

 It was my intention from the beginning of the study to familiarize an LCF 

intern with my recording techniques and with the behaviors and vocalizations of the 

red ruffed lemurs so he or she could record an hour’s worth of data with me for the 

first week of my data collection period.  By combining our data, I could perform an 

inter-observer reliability test which would determine whether we were recording the 

same behaviors for all the calls.  While the LCF staff and interns were willing to 

accommodate my research needs, I was only able to record a few sessions with an 

                                                             
7 The information I hoped to obtain from this repertoire was mostly functional. That is to say, I was 
primarily concerned with what each call meant. For this reason, I was not interested in which lemur 

made which call. I collected information on caller identity when it was possible and when it did not 

distract me from recording what my subjects were doing at the time of their vocalizations. 
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intern later on in the study period. The results of the inter-observer reliability tests are 

discussed at the end of this chapter. 

 

Data Analysis Procedures 

 After the five week recording session, I transcribed the recorded data into a 

Microsoft Word file.  This allowed me to easily view and edit all of the data.  I then 

designed an Excel spreadsheet to convert my transcribed data from full sentences to 

abbreviated codes.  The final Excel spreadsheet is included in this thesis as Appendix 

One.  

The “CallNumber” and “TotalCalls” categories of the spreadsheet were 

included for vocalizations that were emitted rapidly one after the other and might be 

related to the situation occurring at the time. The “CallType” column includes 

“Chatters,” “Growls,” “Growl-Snorts,” “Grunts,” “Mews,” “Pulsed Squawks,” “Roar-

Shriek Choruses,” “Sniffs,” and “Squeals.”  The “UnclassifiableCalls” column refers 

to the calls that did not sound like any of the known calls above. These include the 

“Chuckle,” “Coo,” “Coo-Growl,” “Huff,” “Hiccupping Growl,” “Hiccupping Grunt,” 

“Moaning Grunt,” “Purr,” “Sniff/Huff,” “Snort,” “Squeal/Chatter,” “Squeal/Grunt,” 

“Squeal Growl,” “Squeal Grunt,” “Territorial Growl,” and the “Inaudible” and 

“Unknown” vocalizations.  I recorded three calls that I believed were brays, but 

because they occurred only during other calls, I did not include them in the 

“CallType” column, but noted them in the “Additional Information” column. 
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The “PreCallActivity,” “ActivityDuringCall,” and “PostCallActivity” columns 

refer to the ethogram categories that were used in the field to record behaviors.  In this 

spreadsheet, they are abbreviated into a code that can be read on the tab labeled 

“Key.”  I will briefly describe the meanings behind each of the categories here.  

“Travel” refers to any form of locomotion including, but not limited to, running, 

walking, or climbing.  “Sitting” means the lemur put the majority of his weight on the 

lower half of his body and remained motionless.  I define “Resting” as a lemur who is 

not in motion.  He may be sitting, hanging, or lying down while he is resting.  

“Vocalizing” means a lemur intentionally produced a sound from his throat or nose. 

“Feed” can be defined as eating (chewing and swallowing a piece of food) or foraging 

(using the nose and hands to move through foliage in search of food).  “Drinking” 

involved a lemur lapping up a liquid with its tongue and swallowing.  “Aggressive” 

behavior involved a lemur chasing, swatting at, lunging at, or biting another animal in 

a non-playful manner.  

“Mount—Initiator” refers to a lemur that has mounted another member of the 

troop.  Mounting is when a lemur approaches another and wraps his arms around the 

other lemur’s lower body positioning himself above the other.  “Mounted—Recipient” 

refers to a lemur that has been mounted.  “Self-Play” refers to a lemur that is playing 

by himself.  Self-play can mean chasing one’s own tail, another non-lemur animal or 

inanimate object, or more generally manipulating objects with one’s hands or mouth 

(LCF Master Ethogram 2011). “Mutual Play” is defined as two or more lemurs that 

are chasing, cuffing, wrestling, or biting one another without the intention of 



 
42 

 

agonizing or harming each other (LCF Master Ethogram 2011).  “Self-Grooming” is 

defined as a lemur cleaning himself with his tongue.  Where “Mutual Grooming” 

refers to two or more lemurs grooming each other, “Allo-Grooming” occurs when 

only one lemur grooms another.  “Approached Lemur” means one lemur purposefully 

walked within arm’s length distance to another lemur.  “Was approached” refers to a 

lemur that was approached by another.  

“No Change” was recorded when the behavior before, during or after a call did 

not change.  “Other” can refer to urination, defecation, or another category that did not 

fit any of the above.  “Out of Sight” was recorded when the lemurs out of the 

researcher’s line of sight.  “Not Recorded” was used primarily when the lemur was in 

sight of the researcher, but was not observed at the time it vocalized.  The variables 

“Out of Sight” and “Not Recorded” were excluded from the data analysis as they did 

not provide any useful information.  

The “BehaviorOfNN” column refers to the behaviors of the nearest neighbor 

(abbreviated NN). The “BehaviorOf3rdIndividual” and “GroupActivityDuringCall” 

columns apply only to calls where a third individual or all members of the group 

participated in, mainly the roar-shriek chorus and the pulsed squawk.  Finally, the 

“Additional Information” column included the information that could not be coded but 

might still be contextually relevant. 

Once added to Excel, this information was transferred to SAS (Statistical 

Analysis System) to be statistically analyzed.  Using SAS, I divided all of the data 

points into their call type.  I then asked SAS to find the frequencies that each pre-, 
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during, and post- call activity occurred. I divided the times into “Early Morning” 

(from 6:00 AM to 8:59 AM), “Late Morning” (from 9:00 AM to 11:59 AM), 

“Afternoon” (12:00 to 4:00 PM), and “Evening” (5:00 to 8:00 PM) and had SAS count 

the number of times each call occurred during those specific times of day. I analyzed 

the vocalizer’s distance from his nearest neighbor for each call, the activity of the 

nearest neighbor, and the activity of the 3
rd

 individual and group (if applicable). 

Audacity is a free audio editing software that allows its users to play back and 

edit a sound file (Audacity 2000).  I used Audacity to isolate samples of all of the 

known and unclassifiable calls and copy and paste them into new sound files.  Praat 

(Dutch for “talk”) is a free software program that is used to analyze and reconstruct 

acoustic speech signals (Lieshout 2003).  Though the freeware was intended for use in 

human acoustic analysis, it can be applied to the analysis of primate acoustics with no 

problems, and is frequently used by primatologists (Gamba and Giacoma 2007).  Once 

I had separated the vocalizations from the recordings, I entered them into Praat and 

created waveforms and spectrograms for each call type.  These spectrograms may be 

viewed in Appendix II. 

I believed that by comparing the spectrograms of the unclassifiable calls to 

those of the known calls, I could sort at least some of the unclassifiable calls into 

known categories.  As can be seen in Appendix III, however, there were variations in 

the spectrograms and the waveforms of some known type of calls.  This lack of 

symmetry in even the known calls would render any comparisons between any one 
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known call and any unclassifiable calls useless.  Until I am better able to analyze 

spectrograms, I will focus only on the call types I am sure exist. 

 

Inter-Observer Reliability Tests 

 The purpose of performing an inter-observer reliability test is to ensure that a 

researcher is recording data in an unbiased manner.  The inter-observer reliability test 

for this specific study was meant to ensure that I was both correctly classifying all of 

the calls and that I was correctly recording the lemurs’ actions.  I planned on having a 

second observer join me in the field for one hour a day during the first week of data 

collection.  After every recording session I planned on sitting down with the second 

observer and comparing our field notes to see how closely they matched.  Ideally, our 

notes would have matched perfectly.  Matching notes indicates either both researchers 

have the same biases or both researchers are recording the same things.  

It was important to me that the inter-observer reliability test take place during 

my first week in the field, as it would have allowed me to catch any mistakes early on.  

Due to unforeseen complications, LCF could not spare an intern to help me perform 

this test until the second week of the study.  This observer was supplied with all the 

necessary materials to familiarize herself with the call types and phonetic descriptions 

of the call type several weeks prior to data collection.  She initially recorded her data 

on a Nagra recorder using a Sennheiser microphone, but switched to a field notebook 

due to equipment concerns.  



 
45 

 

Due to the observer’s health, we were only able to record three hours of data 

together.  We similarly identified 41 of the 97 calls recorded during this period 

(42.27%), but our contextual information matched only 28.87% of the time.  I believe 

these discrepancies are due to differences in experience.  At that point in the study, I 

already had several weeks of experience that helped me hear and identify 

vocalizations.  I also believe our relative positions to one another and to the lemurs led 

us to collect different data.  Because of these differences in experience and our relative 

locations, I do not believe these results can be accurate indicators of potential bias in 

this study. 
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Chapter IV:  Results 
 

 

 Over the 16 day observation period, I recorded 977 total vocalizations.  

Unfortunately, not all of these vocalizations could be easily identified as belonging to 

a pre-existing call type (as seen in Periera et al. 1988 or Morland 1991).  The 

“UnclassifiableCalls” were excluded from this analysis, but can be seen in the Excel 

spreadsheet and are listed in Chapter III.  The 898 calls that I could identify were 

classified as chatters, growls, growl snorts, grunts, mews (or moos), pulsed squawks, 

roar-shriek choruses, sniffs, or squeals.  Of these 898, three are brays, 56 are chatters, 

448 are growls, 66 are growl-snorts, 11 are grunts, 132 are mews, 19 are pulsed 

squawks, 28 are roar-shriek choruses, 33 are sniffs, and 102 are squeals (Table 2). 

 In the following sections, I examine the activities (the actions of the lemurs) 

before and after they (or their nearest neighbors) vocalized, the distance of the 

vocalizing lemur from his nearest neighbor, the time(s) of day the call was heard, and 

the activities of a third individual or a group during or after the call was made. A brief 

definition of what all of the activities are was given in Chapter III.  

The reader will note the number of calls I examine in the following sections 

does not equal the total number of calls overall.  There were instances in the data 

collection period where a behavior occurred out of my line of sight or happened too 

rapidly for me to record it.  These activities were described as “Out of Sight” or “Not 

Recorded.”  As mentioned in Chapter III, these results were removed from the data 

analysis as they would not explain the purpose of this call. 
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Table 2. Classifiable Call Types 

Call Type Number of Occurrences 

Bray Three 

Chatter 56 

Growl 448 

Growl-snort 66 

Grunt 11 

Mew 132 

Pulsed Squawk 19 

Roar-Shriek Chorus 28 

Sniff 33 

Squeal 102 
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Call Activities 

To determine the meaning of these lemurs’ calls, I believed I had to look at 

their behavior before, during, and after they vocalized.  Using SAS, I grouped the pre-, 

during, and post- call activities into one variable (e.g., “T_V_T” which stands for 

“Travelled,” “Vocalized,” then “Travelled”).  Unfortunately, this broad grouping 

strategy led to a long list of different variables; very few calls exhibited any 

similarities that occurred frequently enough for me to determine the function of that 

call (Appendix IV).  

 The only activity that did reliably repeat in the data was the activity during the 

call, “Vocalize.”  This usually meant the lemur stopped in his tracks to vocalize; this 

does not reveal much about the meaning of a call (Appendix V).   I then decided to 

examine only the activities that occurred before and after the call was made 

(Appendices IV and VI).  

 

Pre-Call Activities  

Of the 56 chatters I recorded, only 46 were useable.  There were 11 activity 

types recorded while a lemur chattered.  The most frequently occurring pre-call 

activity for the chatter was “Approached Lemur;” a lemur approached another lemur 

and chattered 16 times out of the total 46 (34.78%).  The second most frequent was 

“Was Approached,” and it occurred 11 times out of 46 (23.91%).  Travelling was the 

third most commonly occurring pre-call activity, making up 15.22% (seven out of 46) 
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of the activities.  All other pre-call activities each made up less than ten percent of the 

data.  Most of them made up less than five percent of the activities (Figure 6). 

 Of the 448 growls I recorded, only 347 were usable.  Growls were most 

commonly given during travelling and were the most frequently occurring pre-call 

activity, making up 88.47% of the data (307 out of 347).  The rest of the seven pre-call 

activities each made up less than five percent of the data (Figure 7).   The total number 

of growl-snorts observed was 66, but only 37 were usable.  There were five categories 

of activities observed when lemurs gave this call, and the most frequently occurring 

was sitting (56.76%), followed by resting (24.32%), and then travelling (13.51%; 

Figure 8).  

 Of the 11 grunts recorded, ten were usable.  There were four types of activities 

observed, and the most frequently occurring activity was “Approached Lemur” which 

made up 60% of the data (Figure 9).  Of the 132 mews, only 23 were usable.  Of the 

six types of activities observed for this call, sitting occurred 60.87% of the time.  The 

second most commonly occurring activity was resting which made up 17.34% of the 

activities (Figure 10). 

 I recorded 19 pulsed squawks total, but could only analyze seven of them for 

pre-call activity.  The initiators of this group call were mostly recorded resting before 

they vocalized (42.86%).  The second most frequent activity was “Other” making up 

28.57% of the data (Figure 11).  Of the 28 roar-shriek choruses I observed, only 14 

were usable.  The most frequently occurring pre-call activity was “Vocalize” 

(42.86%); i.e., a lemur was vocalizing before he initiated the chorus.  Travelling 
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(28.57%) and sitting (14.29%) make up the second and third most frequently 

occurring pre-call activity (Figure 12).  

 Of the 33 sniffs I observed, only 29 were useable.  There were eight types of 

activities recorded for this vocalization, and the most frequently occurring was 

“Vocalize” which occurred 12 of the 29 times (41.38%).  The second most frequent 

activity was “Approached Lemur,” which occurred 31.03% of the time (Figure 13).  

Of the 102 squeals observed, 88 were usable.  There were 11 activity categories 

recorded for this call.  The most frequently occurring was “Approached Lemur” 

followed by “Was Approached” (47.73% and 17.05% respectively; Figure 14).  

 A chi squared test of the pre-call activities for the growl, growl-snort, and 

squeal revealed significant differences at the 0.01 level.  These results can be further 

reviewed in Appendix VII. 
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Figure 6. Pre-Call Activities for the Chatter 

 

  

2.17% 

34.79% 

23.91% 4.35% 

2.17% 

2.17% 

2.17% 

6.52% 

2.17% 
15.22% 

4.35% 

Chatter 
Aggressive

Approached Lemur

Was Approached

Feed

Mutual Play

Was Mounted

Other

Sitting

Self Play

Travel

Vocalized



 
52 

 

 
Figure 7. Pre-Call Activities for the Growl 
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Figure 8. Pre-Call Activities for the Growl-Snort 
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Figure 9. Pre-Call Activities for the Grunt 
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Figure 10. Pre-Call Activities for the Mew 
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Figure 11. Pre-Call Activities for the Pulsed Squawk 
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Figure 12. Pre-Call Activities for the Roar-Shriek Chorus 
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Figure 13. Pre-Call Activities for the Sniff 
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Figure 14. Pre-Call Activities for the Squeal 
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Post Call Activity 

 There were 39 chatters that could be used in this post-call activity analysis.  Of 

the ten activity types, lemurs were most often observed travelling (33.33%) or 

vocalizing (20.51%) after chattering.  They were only occasionally observed sitting 

after they gave this vocalization (12.82%; Figure 15).  Of the 448 growls, only 310 

were usable for this analysis.  The majority of the 11 types of post-call activities 

observed for this vocalization were travelling, which made up 61.29% of this data 

(Figure 16).   

There were 29 growl-snorts that could be used in this analysis.  The most 

common post-call activities were sitting (37.93%) and resting (27.59%).   There were 

nine types of activities that were observed for this call (Figure 17).  Only 30 of the 132 

mews could be used in this analysis, and there were six types of activities observed.  

The most commonly occurring was travelling, which made up 60% of the data (Figure 

18).  Only nine grunts could be used in this analysis, and travelling was the most 

frequently occurring activity type recorded (out of four types), and made up 44.44% of 

the data (Figure 19).  

 There were several commonly occurring post-call activities for the roar-shriek 

chorus, though only 11 of the 28 choruses could be used in this analysis.  The most 

frequent of these activities was “Vocalize” (27.27%).  The categories “Other,” 

Sitting,” and “Travelling” were each observed twice after the chorus was given 

(18.18%).  The remaining two activity categories occurred less than ten percent of the 

time (Figure 20).  Only three pulsed squawks could be used in this analysis, and the 
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most commonly occurring post-call activity for these was “Travel” (Figure 21).  

Lemurs most often travelled (41.67%) after they sniffed (only 24 out of 33 could be 

used).  They were also observed vocalizing after the call (25%).  The other six types of 

categories each made up less than ten percent of the data (Figure 22).  Only 70 of the 

102 squeals could be used for this analysis.  There were 16 activity categories 

observed for the call, but lemurs were most often observed travelling after they 

vocalized (40%; Figure 23).  

 A chi squared analysis of the post-call activities revealed only the growl had 

results that were significantly different at the 0.01 level.  These results can be further 

reviewed in Appendix VII.  
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Figure 15.  Post-Call Activities for the Chatter 
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Figure 16.  Post-Call Activities for the Growl 
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Figure 17.  Post-Call Activities for the Growl-Snort 
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Figure 18.  Post-Call Activities for the Grunt 
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Figure 19.  Post-Call Activities for the Mew 
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Figure 20.  Post-Call Activities for the Pulsed Squawk 
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Figure 21.  Post-Call Activities for the Roar-Shriek Chorus 
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Figure 22.  Post-Call Activities for the Sniff 
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Figure 23.  Post-Call Activities for the Squeal 
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Nearest Neighbor Activity Frequencies 

 I recorded the behaviors of the vocalizing lemurs’ nearest neighbor 

(abbreviated “NN” in the Excel spreadsheet) at the time of or after the vocalization 

was made.  It was important to collect these data, as the actions of a neighbor might be 

important to the purpose of a call.  I was able to use 41 of the 56 chatters, 35 of the 

448 growls, 11 of the 66 growl snorts, seven of the 11 grunts, 18 of the 132 mews, 

nine of the 19 pulsed squawks, 24 of the 28 roar-shriek choruses, 16 of the 33 sniffs, 

and 70 of the 102 squeals. 

 The most common behavior a nearest neighbor exhibited during a chatter was 

travelling (26.83%).  The second most common was vocalizing (19.51%) and the third 

was sitting (14.63%).  The most common behaviors of a nearest neighbor during a 

growl were travelling (42.86%) and then vocalizing (20%).  During a growl-snort, 

nearest neighbors were most likely observed vocalizing (36.36%) or resting (27.27%).  

All usable activities recorded for the behaviors of nearest neighbors during the grunt 

occurred in equal amounts.  The most common behaviors a nearest neighbor exhibited 

during the mew were vocalizing (77.78%) then feeding (11.11%).  Nearest neighbors 

vocalized during all of the useable pulsed squawks.  Nearest neighbors mostly 

vocalized during the roar-shriek chorus as well (91.67%).  During a sniff, a nearest 

neighbor was most likely observed vocalizing (37.50%) or travelling (18.75%).  The 

most common behavior recorded for nearest neighbors during a squeal was travelling 

(32.86%; Appendix VII). 
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Distance from Nearest Neighbor Frequencies 

  Observer error during data collection only allowed me to analyze 17 of the 56 

chatters, 177 growls out of 448, 29 out of 66 growl snorts, five out of 11grunts, 42 

mews out of 132, six out of 19 pulsed squawks, 11 of the 28 roar-shriek choruses, five 

out of ten sniffs, and 42 out of 102 squeals.  

The majority of usable chatters occurred when a lemur was arm’s length from 

or in contact with another lemur (41.18% each).  The majority of usable growls 

occurred when a lemur was ten feet or less from a nearest neighbor (38.63%).  Growls 

were one of the two calls that occurred when a nearest neighbor was greater than 30 

feet away.  The second was the roar-shriek chorus.  Growl-snorts were mostly 

observed when a lemur was five feet away from his nearest neighbor (23.86%).  Of the 

five usable grunts, four of them occurred when a lemur was in contact with another 

lemur (80%).  Most mews occurred ten feet from a nearest neighbor (28.57%).  Most 

pulsed squawks occurred when troop members were body length distance from one 

another (66.67%).  Roar-shriek choruses (11 out of 28) occurred mostly when lemurs 

were ten feet away from one another (45.45%).  Half of the ten useable sniffs occurred 

when lemurs were in contact with their nearest neighbor.  Most of the usable squeals 

occurred when two lemurs were in contact with one another (80.95%; Appendix VIII).  

 

Time of Day Frequencies 

 The majority of all calls occurred in the early morning, from 6:00 to 8:59 in the 

morning.  Specifically, 672 of the 977 calls occurred in the early morning, 22 occurred 
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in the late morning (9:00 AM to 11:59 AM), 104 occurred in the afternoon (from 

12:00 to 4:00 PM), and 81 occurred in the evening (5:00 PM to 8:00 PM).  Chatters 

occurred most often in the morning (69.64%) and least often in the late morning 

(1.79%).  Chatters occurred equally frequently in the afternoon and evening (14.29%).  

The majority of growls occurred in the early morning (83.04%).  No growls were 

recorded in the late morning. Growls occurred less frequently in the afternoon (5.91%) 

than in the evening (10.94%).  

 Growl-snorts occurred almost equally between the early morning and the 

afternoon (48.48% and 42.42% respectively).  Growl-snorts occurred least frequently 

in the late morning (7.58%), and no growl-snorts were observed in the evening.  

Grunts also occurred mostly frequently in the early morning (63.63%).  Mews 

occurred mostly in the early morning (86.36%).  They occurred infrequently in the late 

morning (2.27%) and the afternoon (1.51%).  No mews were observed in the evening.  

 Pulsed squawks occurred mostly in the afternoon (68.42%).  They were 

occasionally heard in the early morning (21.05%), and infrequently heard in the late 

morning (10.53%).  No pulsed squawks were heard in the evening.  Half of the roar-

shriek choruses occurred in the early morning. They occurred somewhat frequently in 

the late morning (28.57%) and afternoon (14.29%) and infrequently in the evening 

(7.14%).  

 Sniffs were mostly observed in the early morning (72.72%), but were not heard 

in the late morning.  They occurred somewhat frequently in the afternoon (18.18%) 

but infrequently in the evenings (9.09%).  Squeals were recorded mostly in the 
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morning (63.73%), and somewhat frequently in the afternoon (18.63%) and the 

evening (15.69%).  They occurred least frequently in the late morning (1.96%) 

(Appendix IX and Figures 24-28).  
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Figure 24. Vocalization Frequencies by Time 
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Figure 25.  Vocalizations Recorded in the Early Morning (6:00 AM to 8:59 AM) 
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Figure 26.  Vocalizations Recorded in the Late Morning (9:00 AM to 11:59 AM) 
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Figure 27.  Vocalizations Recorded in the Afternoon (12:00 PM to 4:00 PM) 
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Figure 28.  Vocalizations Recorded in the Evening (5:00 PM to 8:00PM) 
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Third Individual and Group Activities Frequencies 

 I attempted to collect data on the actions of any third individuals that I believed 

were somehow involved in the situation occurring before, during, or after a call.  For 

most of the time, no third individuals participated in the calls. This was recorded as 

“Not Applicable” or “NA” in the Excel spreadsheet.  A third individual was only 

involved in the activities of a chatter only twice out of the 56 total chatters.  Only nine 

times out of 445 was a third individual involved in the activities of a growling lemur 

and his nearest neighbor.  A third individual was behaviorally involved in only three 

out of the total 64 growl-snorts.  Of the ten usable grunts, a third individual was only 

behaviorally involved in one of the call activities.  A third individual was observed 

interacting with a mewing vocalizer and his nearest neighbor in 16 of the 22 usable 

mews.  Travelling made up 45.45% of those third individuals’ behaviors.  Only during 

the mew, the pulsed squawk, and the roar-shriek did a third lemur involve itself.  In 

pulsed squawks, the third lemur was almost always vocalizing.  In roar-shriek 

choruses, third individuals were usually vocalizing (80%; Appendix X). There was no 

instance where a third individual was seen participating in a sniff.  Third individuals 

were recorded participating in the activities of a squeal six times out of 101.  

 Data for the activity of the group was collected for the calls I suspected to be 

group calls.  For those calls that did not display group activity, “Not Applicable” was 

recorded in the Excel spreadsheet.  Only two group calls were recorded in this 

observation period.  These were the loud calls, the pulsed squawk and the roar-shriek.  

Group members were mostly observed vocalizing during these calls (88% for the roar-
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shriek and 90% for the pulsed squawk), but several members were sometimes 

observed sitting or travelling during the roar-shriek chorus (4% for each; Appendix 

XI).  
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Chapter V:  Discussion 

 

 In the following sections, I discuss the results of this study. These are 

expressed in detail in the subsequent paragraphs but are also summarized in a short 

table.  I conclude the chapter by comparing my results with those of past studies, and 

attempting to explain the differences between them. 

 

Bray 

 As mentioned above, the bray was heard only three times, and was not 

included in the normal analysis.  Lemurs brayed only during the roar shriek chorus.  

 

Chatter 

 Based on my results, I conclude that the chatter is most likely a kind of 

greeting call, as it was most often observed while a lemur was approaching or was 

being approached by another lemur, and occurred only when lemurs were five or 

fewer feet apart from one another.  The values listed for “Approached Lemur,” 

however, may be underestimated.  During my data collection, I was very conservative 

about what I considered an act of approaching another lemur.  There were situations 

where I was not sure of the lemur’s intentions and did not wish to make a potentially 

incorrect assumption.  Therefore, a pre-call activity that I described simply as 

travelling, could very well have been a lemur approaching another lemur before 

chattering. 
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Growl 

 The frequency data for both the pre-call and post-call activities of the growl 

clearly demonstrated that this call is somehow linked to travelling.  The purpose of the 

growl could be to inform group members that the vocalizer was travelling or perhaps 

to tell them his location while he was travelling.  The data detailing the vocalizer’s 

distance from his nearest neighbor demonstrates that lemurs most often growled when 

they were no more than twenty feet from a nearest neighbor.  If the purpose of the call 

is to relay to others one’s position in a group, then it would make sense that most 

growls were given where group members could still hear them.   

 

Growl-Snort 

 The data for the growl-snort did not provide me with an obvious context for 

this call.  Lemurs were primarily sitting or resting before and after the growl-snort was 

made.  It is important to note that (similar to the situation with “Approached Lemur” 

and “Travel”) the differences between sitting and resting were, at times, hard to 

define.  Resting (as defined in Chapter III) requires a lemur remain motionless for a 

period of at least 30 seconds.  Observer error could have led me to classify a pre-, 

during, or post- call activity as “Sitting” when they actually remained there for a long 

period of time.   Alternatively, I could have mistakenly recorded a lemur’s activity as 

resting when he was actually in motion.  Nearest neighbors were mostly observed to 

be a maximum of 15 feet away from the vocalizing lemur and were recorded 

vocalizing or resting around the time of the call.   
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The best conclusion that I can draw from this analysis is that it is a small-scale 

inter-group spacing mechanism.  I say it is a small scale spacing mechanism because 

there were only three instances out of 64 when a third individual was involved in the 

post-call activities of the growl-snort.  An analysis of the types of vocalizations a 

neighbor was making in response to this call would verify or reject this hypothesis.  

For example, if the neighbors were responding with growl-snorts, then this call might 

be a spacing mechanism.   

It is very possible that I could not see or recognize the stimulus eliciting this 

call.  It is also possible that this vocalization has different meanings and functions.  A 

larger sample size of growl-snorts would be useful in assessing what this call could 

mean. 

 

Grunt 

  The majority of grunts were heard after a lemur approached another lemur. 

The proximity of the vocalizer to his nearest neighbor and the behavior of the nearest 

neighbor (predominately vocalizing or resting) would suggest that this is also a call 

given when lemurs approach one another. In eight cases out of nine, a lemur travelled 

after vocalizing. In four of those eight cases, a lemur was clearly displaced by another 

lemur. As only 11 grunts were recorded during the entire data collection period, this 

suggestion should not be considered entirely reliable. 

  

Mew 



 
85 

 

Similar to the growl-snort, the data for the mews did not lead to any obvious 

function for this call.  Vocalizers were mostly observed sitting when they mewed.  

Nearest neighbors (who were mostly recorded within ten feet from the vocalizer) often 

vocalized around the time of the mew.  From my own observations that I was not able 

to code into quantifiable data, I believe that the lemurs mewed when they wished to 

travel to a location with the group.  Lemurs would travel a ways, sit down, and mew.  

When group members began to travel in that lemur’s direction (which was not always 

directly after the vocalization) the initial vocalizer would eventually repeat the process 

of travelling, sitting, and mewing until group members were sufficiently close enough.   

I was not able to code this information into the spreadsheet due to the time gap 

that would occur between these activities.  That is to say, a lemur would slowly travel 

along a path, stop, sit, and wait a while before vocalizing.  In short, the time that 

elapsed between a lemur’s travelling activity and his vocalizing activity was often too 

large for me to record it as a travelling activity.  This call was heard mostly in the 

early morning because the majority of all travelling occurred during this time.  

 

Pulsed Squawk 

 The data for the pulsed squawk confirm that this is a group call.  (There was 

only one instance where the group did not participate in a pulsed squawk.)  Though all 

members of the group participated in this call, I was primarily interested in the actions 

of the lemur that initiated this call.  In the analysis of the pre- and post-call activities, I 

often had very few usable samples.  This is because it was often times difficult to 
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correctly identify the lemur that initiated this group call and to describe what he was 

doing before, during, and after he vocalized.   

Twelve of the 19 pulsed squawks occurred on the same day in the afternoon.  I 

believe these specific pulsed squawks could have occurred for two reasons: there were 

ring-tailed lemurs and mongoose lemurs (Eulemur mongoz) present during these 

vocalizations, and the call was given to warn the other species to keep their distance; 

or it was a call given to express annoyance or frustration at being feed around two 

hours after the usual time.  Six of the 19 pulsed squawks occurred on the following 

day in the morning.  There were no other lemurs present and there were no other 

animals (that I could see) present in their area at that time.  To this day, I cannot 

explain or guess at the impetus for the other pulsed squawks. 

 

Roar-Shriek Chorus 

 The data for the roar-shriek chorus confirms that this is a group call.  The 

chorus was often recorded after a lemur chattered, growl-snorted, sniffed, squealed, or 

travelled (though they could have been vocalizing while travelling).  The vocalizations 

given prior to a chorus often rose in intensity until a lemur was roaring or shrieking.   

These calls were not evenly spread out through the day, but occurred mostly in 

the morning, contradicting what the past literature led me to expect (discussed below).  

I was only able to get information on distances from nearest neighbors for 11 out of 28 

vocalizations.  These 11 data suggest that calls occurred when lemurs were ten feet or 

less from a nearest neighbor.  Though this suggests that the function of the call is not a 
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group spacing mechanism, I do not believe this function should be stricken from the 

list with data taken from a sample size as small as this. 

 This leads me to propose that this call is related to the actions of the lemurs; 

the majority of these calls occurred in the morning perhaps because that was when the 

lemurs were most active.  The number of choruses decreased as the temperature rose 

and the lemurs became less mobile.  This suggests the call was given when the troop 

was in a state of high arousal.  This data does not allow me to come to any conclusion 

about what this call specifically communicated to conspecifics.   

 

Sniff 

 I suggest that the sniff (which I distinguish from the actual act of sniffing) is 

given in response to a vocalization or a travelling neighbor (a change in the lemur’s 

immediate environment).  They were often heard after a vocalization by either the 

sniffing lemur or by his nearest neighbor.  They were also heard before and after that 

lemur or his nearest neighbor travelled.  The exact purpose of this vocalization cannot 

be gathered from this data.   

 

Squeal 

It is interesting to note that the majority of squeals are given by the lemur that 

is approaching another lemur.  This differs from the results of the chatter, as chatters 

were heard by lemurs both approaching and being approached by another lemur.  It is 

also interesting to note that, despite a small sample size, the majority of usable squeals 
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occurred when a lemur was in contact with his neighbor, but continued to travel away 

from that neighbor after vocalizing.  

The differences between the two calls (and the descriptions by other scholars) 

leads me to believe that while both of these are involved in greeting rituals, there is a 

hierarchical component to one, if not both, of these calls.  More data would have to be 

taken to ascertain whether this is the case.  
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Table 3.  Behavioral Vocal Repertoire for the Red Ruffed Lemur 

 

Call Type Phonetic Description Context or Purpose of the Call 

Bray Nasal, repeating, and 

trilling “a-rah-ah-ah” 

Heard rarely and only during a roar-

shriek chorus. 

Chatter Rapid, high pitched, and 

repeating “ik-ik-ik” 

A greeting call given when 

approaching or being approached by a 

conspecific. 

Growl Low and throatal “grrrr” Given while travelling to notify the 

group the individual’s actions or to 

relay the specific location of the 

vocalizer. 

Growl-Snort Low “grrr-foo” Small scale inter-group spacing 

mechanism? 

Grunt Low and waivering “uh” A greeting call? 

Mew (or Moo) Low but rising “moo” A summon or request for group 

movement. 

Pulsed 

Squawk 

Loud, high pitched, rapid, 

repeating, and waivering 

“uh-uh-uh-uh-uh” 

An indicator of annoyance, or a 

warning call given in the presence of 

other lemurs. 

Roar-Shriek Loud, deep, reapeating “ra-

ra-ra-ra” (roars) Loud, high 

pitched, repeating “waa-

wah-wah-wah” (shrieks) 

Given when lemurs were in a state of 

arousal. 

Sniff Sniffing sound Given in response to a vocalization or 

a travelling neighbor. 

Squeal High pitched squealing A greeting call given when 

approaching a conspecific. 
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Comparisons to Past Studies 

 The following subsections compare the behavioral vocal repertoire I created 

for the red ruffed lemurs to the past work of other primatologists on the black-and-

white ruffed lemurs.  Though they are two distinct species, researchers have compared 

the vocalizations of these ruffed lemurs, perhaps because the calls are so similar (see 

Macedonia 1985).  I believe that any similarities between my results and the results of 

other primatologists indicate that we have successfully identified and described the 

purpose of that call type.  Any differences among the results suggest that one (or all) 

of us have reached the wrong conclusion about a call, that our species have different 

functions for a vocalization, or that our populations have different functions for a 

vocalization.  

  

Bray 

 Both Pereira and colleagues and I found the bray to occur during the roar-

shriek choruses (1988: 10).  Hilary Morland described the context of the bray as one 

used by males during display, but notes that estrous females and females with infants 

emit a modified version of this call (1991: 382).  She did not mention hearing this 

during the roar-shriek chorus.  

 

Chatter 

 Pereira and colleagues describes the chatter as a “social yielding or 

submission” vocalization that “signals subordinate status” (1988: 10).  Morland also 
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concluded that the chatter was emitted as a submissive gesture when males felt 

threatened by females (1991: 383).  A study by Mary-Elizabeth Turner and Lisa 

Harrenstein asserted that the chatter “relates to stress on the pair bond” (1985: 6).  The 

data I collected on the chatters of the red ruffed lemur do not suggest this greeting call 

is a submissive gesture or a stressed pair.  I do personally believe, however, that this 

call may be given by members of a specific social hierarchy.  To test this, future 

studies on the red ruffed lemur should include the names and social statuses of the 

lemurs they are studying and track these animals as they vocalize.  

 

Growl 

 Both Morland and Pereira and colleagues have linked the growl to a context of 

travelling and mild disturbance (1991: 383 and 1988: 10). While I have also 

determined that the red ruffed lemurs growled as they travelled, I did not see any 

context that suggested these lemurs growled when they were “disturbed.”  

 

Growl-Snort 

 Each repertoire describes the function(s) of the growl-snort differently: I 

postulate its purpose is inter-individual spacing; Morland’s research suggests it is 

emitted during travel and punctuates pulsed squawks (1991: 383); Pereira and 

colleagues found that it occurred in an alarming situation to alert the group (1988: 10).  

If Morland and Pereira and colleagues came to different conclusions about this call, 

then this indicates that these calls have multiple functions or have changing and 
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different functions between captive and wild species. As my data does not allow me to 

confidently ascribe any meaning to this call, I am reluctant to state that the description 

I have listed is definitive. The meaning for this call, therefore, may vary by species 

and population. 

 

Grunt 

 Pereira and colleagues noted that the grunt was rarely heard.  When it was, 

they believed it indicated mild aggravation in their study population (1988: 10).  

While I also found the grunt to be a relatively rare call, unlike Pereira and colleagues, 

I believe the red ruffed lemurs grunted mostly as they came into close proximity to 

one another.  It is important to reiterate, however, that out of the total 977 calls I 

recorded, only 11 of these were grunts. 

 

Mew 

 Both Morland and Pereira and colleagues agreed that the mew was exchanged 

between mothers and infants (1991: 383 and 1988: 10).  Pereira and colleagues 

continued to say that mews were used for “inter-individual coordination” (1988: 10).  

Both Morland and I concluded that adults mewed while travelling, though Morland 

specifically noted that only males mewed while travelling (1991: 383).  As there were 

no females in my study, I could not observe the red ruffed lemurs to see if this was 

another trait they shared.  To determine whether red ruffed mother and infants mew, 

data would have to be collected for the rubra during the appropriate season.  
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Pulsed Squawk 

 I was able to identify over half of the pulsed squawks as being related either to 

an expression of annoyance or to aggression towards non-conspecifics.  Pereira and 

colleagues concluded the pulsed squawk serves to alert the “group to mammalian 

predators” (1988: 10), and Morland describes this call as an anti-predator call, a call 

responding to “disturbances from non-conspecifics,” and as a call that “punctuates 

abrupt roars” (1991: 382).  Turner and Harrenstein found that this call rallies the group 

at night and communicates to other group the boundaries of the vocalizing lemurs’ 

territory (1985: 7).  J. Petters and P. Charles-Dominique believed the pulsed squawk 

served as a terrestrial predator alarm call and a spacing mechanism for territorial 

groups (1979).  

 

Roar-Shriek Chorus 

 The latest work on the roar-shriek chorus of the black-and-white ruffed lemur 

(as discussed in Chapter II) summarized the four major proposed functions for the call 

as 1) An intragroup spacing mechanism, 2) An alarm function, 3) A call to establish 

and defend territories, and 4) To coordinate within a group (Geissman and Mutschler 

2006).  This publication included the results of a four day study that concluded that 

only the third proposed function of the call was unlikely (Geissman and Mutschler 

2006).  Morland observed the chorus occurring in response to the choruses of other red 

ruffed lemurs, in response to males approaching females, or as calls punctuating other 



 
94 

 

vocalizations, the abrupt roars and pulsed squawks (1991: 382).  Pereira and 

colleagues suggested the call was a form of intra- and inter- group communication 

(1988: 10).  Macedonia believed the call alerted group members to avian predators and 

served as a startle and female rejection response (1985: 296).  Turner and Harrenstein 

concluded that the “mob roar” served as an intergroup spacing mechanism in wild 

populations of ruffed lemurs and an alarm call and indicator of stress in pairs of 

captive lemurs (1985: 7).  

 The data from my study suggests this call was given when lemurs were in a 

high state of arousal, as no other stimulus was noted and the number of times this call 

occurred correlated with the activity level of the lemurs.  As my study was conducted 

on a small, all male group living in a comparatively cramped forest with few 

predators, I believe the roar-shriek chorus might serve as a group spacing mechanism 

or an alarm call in wild lemurs.  

 

Sniff 

 Pereira and colleagues described the “Huff” (that I believed was similar to my 

sniff) as a call given when an animal was intensely aggravated or in the presence of an 

avian predator.  I concluded that this vocalization had more to do with a response to a 

change in a lemur’s immediate environment, but it is possible that these two calls are 

not one and the same as Morland believed Pereira and colleagues’s “Huff” was 

identical to her “Chuckle” (Morland 1991: 383). 
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Squeal 

 Turner and Harrenstein believed the squeal indicated stress between two 

lemurs (1985: 7).  Pereira and colleagues used the term “Whine” to describe what I 

believe is the squeal as an indicator of behavioral frustration, or an appeasement 

gesture (1988: 10).  Morland found that females squealed during a greeting display 

(1991: 383).  I found that red ruffed lemur males also squealed when they approached 

one another, but found no evidence that this was an appeasement gesture (though I do 

believe there is some chance that this call is given by members of a particular social 

level).   

 

Missing Vocalizations 

 Not included in my repertoire were the “Abrupt roars,” “Wails,” “Quacks,”  

“Grumbles,” and “Cough” (Pereira et al. 1988 and Morland 1991).  Both Morland and 

Pereira and colleagues noted that the abrupt roar was commonly given when an avian 

predator flew by.  I did not record any such vocalizations, even though there was at 

least one instance where a bird flew over the red ruffed lemurs.  Pereira and colleagues 

described the wails as a “reaggregation call or ‘disturbance over notification’” (1988: 

10) while Morland observed it being vocalized in the same context as a pulsed 

squawk.  Both Morland and Pereira and colleagues found that a quack was given in 

similar contexts to the “Bray” (discussed above).  Morland’s grumbles punctuated 

male’s quacks and the coughs were emitted by females when approached by males 

during the mating or birth seasons (1991: 383). 
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Both Morland and I recorded vocalizations we titled “Chuckles.”  Morland 

believed these chuckles were comparable to Pereira and colleagues’s “Huffs” and 

described their function as aggressive calls emitted during female disputes (1991: 

383).  
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Chapter VI:  Conclusion 

  

In this thesis, I defined the term “behavioral vocal repertoire” and discussed its 

importance to anthropology and primatology.  I reviewed the published work of other 

primatologists interested in the vocalizations of lemurs, and have detailed the methods 

I used to create such a repertoire for the red ruffed lemur, a beautiful, but endangered 

creature.  The results of my observation period yielded ten categories of calls these 

lemurs used to communicate with.  I compared my repertoire to those of the black-

and-white ruffed lemurs to determine the similarities and differences in the types and 

functions of calls.  

 As mentioned before, the results of this study should not be taken as the final 

word on the contexts of these calls.  Biases in seasonality, sample size, population, and 

observer error may have affected the outcomes reported here.   

 Monetary limitations only allowed me to observe the lemurs for a few weeks 

of the summer.  As several researchers have noticed, however, some vocalizations can 

only be heard during specific seasons (Vasey 2003: 1335).  A year-long study would 

likely have allowed me to record those vocalizations that are only heard during 

specific seasons (e.g. the quack), and would have increased the number of 

unclassifiable calls I recorded.  This additional time would have helped me determine 

which of those unclassifiable calls merit their own call category.  This increase in 

sample size would, I believe, also lead to the realization of multiple contexts for many 

calls (see Morland 1991: 382-383 and Vasey 2003: 1335). 
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While the lack of females and infant red ruffed lemurs has undoubtedly 

affected my results, I believe observing an all-male troop has some advantages.  Many 

observers have noticed calls that are linked to sex.  The most obvious example is of 

the sexual components of the roar-shriek chorus, discussed in the second chapter.  

Most researchers believe males shriek while females and adolescent males roar.   In 

my study, however, males both roared and shrieked in most of the choruses.  Hilary 

Morland wrote in her dissertation that the chuckle, cough, and squeal were typically 

given by females in aggressive or greeting contexts (1991: 383).  The chatter, 

grumble, and whine were usually given by males.  The chatter and whine 

demonstrated the males’ subordinate status to a female while the grumble punctuated 

quacks during the mating season (1991: 383).  In my study, males both squealed and 

chattered.  A follow up or year-long study of this troop would allow us to see what 

effect (if any) the arrival of the female ruffed lemur has had on the vocalizations.  If 

she is fertile, a year-long study would (hopefully) witness the birth of a baby red 

ruffed lemur and the vocalizations that occur between it and its mother and other troop 

members.  

Contrary to Joseph Macedonia and Katherin Stanger’s argument that the 

function of primate vocalizations will remain the same despite location (1994: 3), I 

have found there are significant differences between the functions of the calls of the 

black-and-white ruffed lemurs living in captivity and the black-and-white ruffed 

lemurs living in the wild.  Because of this discrepancy, I believe that any year-long 

study of the red ruffed lemurs’ vocalizations should be conducted on wild lemurs.   
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Performing such a study would provide the added benefit of allowing 

researchers to compare short range calls to long range calls, where range here means 

the distance the sounds travelled. In my study, the growl, growl-snort, mew, and roar-

shriek chorus were all calls given when lemurs were in close proximity to one another 

and had a suspected role in social coordination.  Unlike the other calls, the roar-shriek 

chorus is a particularly loud call and has a larger range than the other three.  My data 

has led me to conclude that the growl and mew (and perhaps the growl-snort) play 

some role in inter-group social organization, while past research suggests the roar-

shriek chorus may have something to do with intra-group social organization.  A study 

of wild red ruffed lemurs could determine whether this trend holds true for lemurs 

living in Madagascar.  A study of lemurs with more gregarious social structures could 

test to see whether lemurs that do not live in fission-fusion communities have similar 

calls with long and short range functions.  

In 2007 Marco Gamba and Christina Giacoma published their qualitative 

repertoire of the crowned lemur (Eulemur coronatus).   In it, they describe how they 

analyzed the spectrograms of the vocalizations of this lemur to determine there were 

ten, not 12 categories of calls (2007: 339). They advocate performing quantitative 

descriptions of the vocal repertoires of animals and argue these analyses “are a critical 

step for subsequent analyses of individual differences, behavioral, morpho-

physiological, and ecological correlates, geographical variation and evolutionary 

mechanisms” (2007: 339).  I believe this is the next step for people working with the 

vocalizations of the black-and-white ruffed lemur and should be the next step (once 
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more data is collected) for the red ruffed lemur.  Such analyses might reveal the 

repertoires for these lemurs are acoustically distinct from what humans can hear and 

might explain the multiple contexts of certain calls.   

As the goal is to understand what lemurs are communicating, I believe 

experimental playback procedures would be a useful way to test our current 

hypotheses for the calls with questionable contexts.  Playing back recordings of the 

lemurs own vocalizations and examining their reactions might help clarify the 

meanings of some calls.  Playing back recordings of closely related species may also 

test whether and how much species can understand the vocalizations of their close 

relatives.   

The benefit of repertoires is that they can be added to and changed as people 

study and learn more; though this study has several shortcomings, there is good reason 

to continue this work.  There are many assumptions, both explicit and tacit, about how 

“special” human beings are.  Culture, tools, and language are the most basic examples 

of the “unique” traits that people have used to separate humans from other animals.  

Recently, however, these most basic examples are being questioned as evidence of 

non-human primate culture is surfacing.  To date, language still remains uniquely 

human.  As an anthropologist, I am driven to ask: where did language come from?  

From whom did it evolve?   

The work I have presented in my thesis will not answer these questions, and 

some of these questions may never be answered.  My work does, however, have the 

potential to explain the evolution of language. With the accumulation of enough 
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behavioral vocal repertoires for all nonhuman primates, anthropologists and 

primatologists may one day be able to see grand patterns that reveal the history of the 

evolution of the human language.  If nothing else, this work may help future 

conservation biologists better assess the troubling condition of red ruffed lemurs in 

Madagascar to protect them from deforestation and poaching.  
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Appendix I Raw Data in Excel Data Sheet with Key 

 

See attached DVD.  
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Appendix II Spectrograms of Classifiable Vocalizations 

 

 
Spectrogram 1.  Bray 

 

 

 

 

 

 
Spectrogram 2.  Chatter 
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Spectrogram 3.  Growl 

 

 

 

 

 

 
Spectrogram 4.  Growl-Snort 
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Spectrogram 5.  Grunt 

 

 

 

 

 

 
Spectrogram 6.  Mew 
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Spectrogram 7.  Pulsed Squawk 

 

 

 

 

 

 
Spectrogram 8.  Roar-Shriek Chorus 
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Spectrogram 9.  Sniff 

 

 

 

 

 

 
Spectrogram 10.  Squeal 
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Appendix III Spectrograms of Three Growls 

 

 
Spectrogram 11.  Growl 1 

 

 

 
 

 
Spectrogram 12.  Growl 2 
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Spectrogram 13.  Growl 3 
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Appendix IV SAS Tables for the Pre-, During, and Post- Call Activity Frequencies 

 

See attached DVD.  
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Appendix V SAS Tables for the Pre-Call Activity Frequencies  
 

 
Chatter 

 
PreCall              Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
---------------------------------------------------------------------------------------------- 

A                  1        2.17             1         2.17 
AL                16       34.78            17        36.96 
AW                11       23.91            28        60.87 
F                  2        4.35            30        65.22 
MP                 1        2.17            31        67.39 
MR                 1        2.17            32        69.57 
O                  1        2.17            33        71.74 
S                  3        6.52            36        78.26 
SP                 1        2.17            37        80.43 
T                  7       15.22            44        95.65 
V                  2        4.35            46       100.00 
 
 

 
 
 
 

Growl  
 
PreCall                               Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
---------------------------------------------------------------------------------------------- 

A                  1        0.29             1         0.29 
AL                 3        0.86             4         1.15 
F                  1        0.29             5         1.44 
MP                 1        0.29             6         1.73 
O                 13        3.75            19         5.48 
R                  6        1.73            25         7.20 
S                 15        4.32            40        11.53 
T                307       88.47           347       100.00 
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Growl-Snort 
 

PreCall                               Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
---------------------------------------------------------------------------------------------- 

G                  1        2.70             1         2.70 
O                  1        2.70             2         5.41 
R                  9       24.32            11        29.73 
S                 21       56.76            32        86.49 
T                  5       13.51            37       100.00 
 
 
 
 
 

Grunt 
 

PreCall                               Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
---------------------------------------------------------------------------------------------- 

AL                 6       60.00             6        60.00 
MG                 1       10.00             7        70.00 
T                  1       10.00             8        80.00 
V                  2       20.00            10       100.00 
 
 
 
 
 

Mew 
 
PreCall                               Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
F                  1        4.35             1         4.35 
O                  1        4.35             2         8.70 
R                  4       17.39             6        26.09 
S                 14       60.87            20        86.96 
T                  2        8.70            22        95.65 
V                  1        4.35            23       100.00 
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Pulsed Squawk  
 

PreCall                               Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
---------------------------------------------------------------------------------------------- 

NC                 1       14.29             1        14.29 
O                  2       28.57             3        42.86 
R                  3       42.86             6        85.71 
V                  1       14.29             7       100.00 
 
 
 
 

Roar-Shriek  
 

PreCall                               Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
---------------------------------------------------------------------------------------------- 

AL                 1        7.14             1         7.14 
O                  1        7.14             2        14.29 
S                  2       14.29             4        28.57 
T                  4       28.57             8        57.14 
V                  6       42.86            14       100.00 
 
 
 
 

Sniff 
 
PreCall                               Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------------------------------------- 

AG                 1        3.45             1         3.45 
AL                 9       31.03            10        34.48 
AW                 2        6.90            12        41.38 
MP                 1        3.45            13        44.83 
S                  1        3.45            14        48.28 
SG                 1        3.45            15        51.72 
T                  2        6.90            17        58.62 
V                 12       41.38            29       100.00 
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Squeal 
 
PreCall                               Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
---------------------------------------------------------------------------------------------- 

A                  2        2.27             2         2.27 
AK                 1        1.14             3         3.41 
AL                42       47.73            45        51.14 
AW                15       17.05            60        68.18 
M                  4        4.55            64        72.73 
MP                 1        1.14            65        73.86 
MR                 7        7.95            72        81.82 
O                  2        2.27            74        84.09 
R                  1        1.14            75        85.23 
T                  8        9.09            83        94.32 
V                  5        5.68            88       100.00 
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Appendix VI SAS Tables for the During Call Activity Frequencies  

 

Chatter 
 

Activity 
During                                Cumulative     Cumulative 
Call        Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
M                  1        2.04             1         2.04 
NC                 1        2.04             2         4.08 
O                  1        2.04             3         6.12 
R                  1        2.04             4         8.16 
V                 45       91.84            49       100.00 
 
 
 
 
 
 
 

Growl 
 

Activity 
During                                Cumulative     Cumulative 
Call        Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
AL                 1        0.28             1         0.28 
NC                 1        0.28             2         0.56 
O                  1        0.28             3         0.84 
R                  2        0.56             5         1.40 
S                  4        1.12             9         2.53 
T                  7        1.97            16         4.49 
V                340       95.51           356       100.00 
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Growl-Snort 
 
Activity 
During                                Cumulative     Cumulative 
Call        Frequency     Percent     Frequency      Percent 
---------------------------------------------------------------
G                  1        2.63             1         2.63 
O                  1        2.63             2         5.26 
R                  4       10.53             6        15.79 
S                  4       10.53            10        26.32 
V                 28       73.68            38       100.00 
 
 
 
 
 
 

Grunt 
 

Activity 
During                                Cumulative     Cumulative 
Call        Frequency     Percent     Frequency      Percent 
---------------------------------------------------------------
O                  1        9.09             1         9.09 
T                  1        9.09             2        18.18 
V                  9       81.82            11       100.00 
 
 
 
 
 
 

Mew 
 

Activity 
During                                Cumulative     Cumulative 
Call        Frequency     Percent     Frequency      Percent 
---------------------------------------------------------------
O                  1        2.78             1         2.78 
R                  1        2.78             2         5.56 
S                 11       30.56            13        36.11 
V                 23       63.89            36       100.00 
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Pulsed Squawk 
 

Activity 
During                                Cumulative     Cumulative 
Call        Frequency     Percent     Frequency      Percent 
---------------------------------------------------------------
R                  1       14.29             1        14.29 
V                  6       85.71             7       100.00 

 
 
 
 
 

 
Roar-Shriek  

 
Activity 
During                                Cumulative     Cumulative 
Call        Frequency     Percent     Frequency      Percent 
---------------------------------------------------------------
NC                 1        5.26             1         5.26 
O                  2       10.53             3        15.79 
S                  2       10.53             5        26.32 
V                 14       73.68            19       100.00 

 
 
 
 
 

Sniff  
 

Activity 
During                                Cumulative     Cumulative 
Call        Frequency     Percent     Frequency      Percent 
---------------------------------------------------------------
O                  1        3.45             1         3.45 
T                  1        3.45             2         6.90 
V                 27       93.10            29       100.00 
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Squeal 
 

Activity 
During                                Cumulative     Cumulative 
Call        Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
A                  1        1.12             1         1.12 
AL                 2        2.25             3         3.37 
M                  2        2.25             5         5.62 
MR                 1        1.12             6         6.74 
O                  3        3.37             9        10.11 
R                  1        1.12            10        11.24 
T                  1        1.12            11        12.36 
V                 78       87.64            89       100.00 
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Appendix VII SAS Tables for the Post-Call Activity Frequencies  

 

Chatter 
 

Post 
Call                                  Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
A                  2        5.13             2         5.13 
F                  2        5.13             4        10.26 
MG                 1        2.56             5        12.82 
MP                 1        2.56             6        15.38 
NC                 3        7.69             9        23.08 
O                  3        7.69            12        30.77 
R                  1        2.56            13        33.33 
S                  5       12.82            18        46.15 
T                 13       33.33            31        79.49 
V                  8       20.51            39       100.00 

 
 
 

Growl  
 

Post 
Call                                  Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
A                  1        0.32             1         0.32 
AL                 2        0.65             3         0.97 
F                 14        4.52            17         5.48 
MG                 1        0.32            18         5.81 
NC                11        3.55            29         9.35 
O                 26        8.39            55        17.74 
R                  6        1.94            61        19.68 
S                 55       17.74           116        37.42 
SG                 1        0.32           117        37.74 
T                190       61.29           307        99.03 
V                  3        0.97           310       100.00 
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Growl-Snort 
 

Post 
Call                                  Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
AL                 1        3.45             1         3.45 
F                  1        3.45             2         6.90 
G                  1        3.45             3        10.34 
O                  1        3.45             4        13.79 
R                  8       27.59            12        41.38 
S                 11       37.93            23        79.31 
SG                 1        3.45            24        82.76 
T                  3       10.34            27        93.10 
V                  2        6.90            29       100.00 

 
 

Grunt 
 
Post 
Call                                  Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
F                  2       22.22             2        22.22 
M                  1       11.11             3        33.33 
T                  4       44.44             7        77.78 
V                  2       22.22             9       100.00 
 
 

Mew 
 
Post 
Call                                  Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
AL                 1        3.33             1         3.33 
NC                 1        3.33             2         6.67 
R                  3       10.00             5        16.67 
S                  6       20.00            11        36.67 
T                 18       60.00            29        96.67 
V                  1        3.33            30       100.00 
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Pulsed Squawk 
 

Post 
Call                                  Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
T                  2       66.67             2        66.67 
V                  1       33.33             3       100.00 

 
 
 

Roar-Shriek 
 

Post 
Call                                  Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
AG                 1        9.09             1         9.09 
O                  2       18.18             3        27.27 
R                  1        9.09             4        36.36 
S                  2       18.18             6        54.55 
T                  2       18.18             8        72.73 
V                  3       27.27            11       100.00 

 
 
 

Sniff 
 

Post 
Call                                  Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
A                  1        4.17             1         4.17 
AG                 1        4.17             2         8.33 
NC                 1        4.17             3        12.50 
O                  1        4.17             4        16.67 
R                  2        8.33             6        25.00 
S                  2        8.33             8        33.33 
T                 10       41.67            18        75.00 
V                  6       25.00            24       100.00 
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Squeal 
 

Post 
Call                                  Cumulative     Cumulative 
Activity    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
A                  2        2.86             2         2.86 
AG                 3        4.29             5         7.14 
AL                 1        1.43             6         8.57 
AP                 1        1.43             7        10.00 
D                  1        1.43             8        11.43 
F                  2        2.86            10        14.29 
M                  6        8.57            16        22.86 
MG                 4        5.71            20        28.57 
MR                 1        1.43            21        30.00 
NC                 3        4.29            24        34.29 
O                  2        2.86            26        37.14 
R                  1        1.43            27        38.57 
S                  9       12.86            36        51.43 
T                 28       40.00            64        91.43 
V                  6        8.57            70       100.00 
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Appendix VIII SAS Results of the Chi Squared Analysis of Pre- and Post- Call 

Activity Frequencies 

 

Chi-Square Analysis of PreCallActivity for Chatter 
 

Chi-Square Test 
for Specified Proportions 
------------------------- 
Chi-Square        61.1304 
DF                     10 
Pr > ChiSq         <.0001 

 
WARNING: 100% of the cells have expected counts less 

than 5. Chi-Square may not be a valid test. 
 

Sample Size = 46 
 
 
 

Chi-Square Analysis of PreCallActivity for Growl 
 

Chi-Square Test 
for Specified Proportions 
-------------------------- 
Chi-Square      1836.0778 
DF                      7 
Pr > ChiSq         <.0001 

 
Sample Size = 347 

 
 
 

Chi-Square Analysis of PreCallActivity for Growl-Snort 
 

Chi-Square Test 
for Specified Proportions 
------------------------- 
Chi-Square        37.1892 
DF                      4 
Pr > ChiSq         <.0001 

 
Sample Size = 37 
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Chi-Square Analysis of PreCallActivity for Grunt 
 

Chi-Square Test 
for Specified Proportions 
------------------------- 
Chi-Square         6.8000 
DF                      3 
Pr > ChiSq         0.0786 

 
WARNING: 100% of the cells have expected counts less 

than 5. Chi-Square may not be a valid test. 
 

Sample Size = 10 
 
 
 

Chi-Square Analysis of PreCallActivity for Mew 
 

Chi-Square Test 
for Specified Proportions 
------------------------- 
Chi-Square        34.1294 
DF                      5 
Pr > ChiSq         <.0001 

 
WARNING: 100% of the cells have expected counts less 

than 5. Chi-Square may not be a valid test. 
 

Sample Size = 23 
 
 
 

Chi-Square Analysis of PreCallActivity for Roar-Shriek 
 

Chi-Square Test 
for Specified Proportions 
------------------------- 
Chi-Square         6.7143 
DF                      4 
Pr > ChiSq         0.1518 

 
WARNING: 100% of the cells have expected counts less 
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than 5. Chi-Square may not be a valid test. 
 

Sample Size = 14 
 
 
 
Chi-Square Analysis of PreCallActivity for Pulsed Squawk 

 
Chi-Square Test 

for Specified Proportions 
------------------------- 
Chi-Square         1.5714 
DF                      3 
Pr > ChiSq         0.6659 

 
WARNING: 100% of the cells have expected counts less 

than 5. Chi-Square may not be a valid test. 
 

Sample Size = 7 
 
 
 

Chi-Square Analysis of PreCallActivity for Squeal 
 

Chi-Square Test 
for Specified Proportions 
------------------------- 
Chi-Square       181.2500 
DF                     10 
Pr > ChiSq         <.0001 

 
Sample Size = 88 

 
 

 
Chi-Square Analysis of PreCallActivity for Sniff 

 
Chi-Square Test 

for Specified Proportions 
------------------------- 
Chi-Square        36.3793 
DF                      7 
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Pr > ChiSq         <.0001 
 

WARNING: 100% of the cells have expected counts less 
than 5. Chi-Square may not be a valid test. 

 
Sample Size = 29 
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Chi-Square Analysis of PostCallActivity for Chatter 
 

Chi-Square Test 
for Specified Proportions 
------------------------- 
Chi-Square        34.5897 
DF                      9 
Pr > ChiSq         <.0001 

 
WARNING: 100% of the cells have expected counts less 

than 5. Chi-Square may not be a valid test. 
 

Sample Size = 39 
 
 
 

Chi-Square Analysis of PostCallActivity for Growl                      
 

Chi-Square Test 
for Specified Proportions 
------------------------- 
Chi-Square      1115.3871 
DF                     10 
Pr > ChiSq         <.0001 

 
Sample Size = 310 

 
 
 

Chi-Square Analysis of PostCallActivity for Growl-Snort 
 

Chi-Square Test 
for Specified Proportions 
------------------------- 
Chi-Square        34.6102 
DF                      8 
Pr > ChiSq         <.0001 

 
WARNING: 100% of the cells have expected counts less 

than 5. Chi-Square may not be a valid test. 
 

Sample Size = 29 
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Chi-Square Analysis of PostCallActivity for Grunt 
 

Chi-Square Test 
for Specified Proportions 
------------------------- 
Chi-Square         2.1111 
DF                      3 
Pr > ChiSq         0.5497 

 
WARNING: 100% of the cells have expected counts less 

than 5. Chi-Square may not be a valid test. 
 

Sample Size = 9 
 
 
 

Chi-Square Analysis of PostCallActivity for Mew 
 

Chi-Square Test 
for Specified Proportions 
------------------------- 
Chi-Square        44.4024 
DF                      5 
Pr > ChiSq         <.0001 

 
WARNING: 33% of the cells have expected counts less 

than 5. Chi-Square may not be a valid test. 
 

Sample Size = 30 
 
 
 

Chi-Square Analysis of PostCallActivity for Mew 
 
 

Chi-Square Test 
for Specified Proportions 
------------------------- 
Chi-Square         0.3333 
DF                      1 
Pr > ChiSq         0.5637 

 



 
129 

 

WARNING: 100% of the cells have expected counts less 
than 5. Chi-Square may not be a valid test. 

 
Sample Size = 3 

 
 
 

Chi-Square Analysis of PostCallActivity for Roar-Shriek 
 

Chi-Square Test 
for Specified Proportions 
------------------------- 
Chi-Square         1.5456 
DF                      5 
Pr > ChiSq         0.9077 

 
WARNING: 100% of the cells have expected counts less 

than 5. Chi-Square may not be a valid test. 
 

Sample Size = 11 
 
 
 

Chi-Square Analysis of PostCallActivity for Sniff 
 

Chi-Square Test 
for Specified Proportions 
------------------------- 
Chi-Square        25.3333 
DF                      7 
Pr > ChiSq         0.0007 

 
WARNING: 100% of the cells have expected counts less 

than 5. Chi-Square may not be a valid test. 
 

Sample Size = 24 
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Chi-Square Analysis of PostCallActivity for Squeal 
 

Chi-Square Test 
for Specified Proportions 
------------------------- 
Chi-Square       141.7328 
DF                     14 
Pr > ChiSq         <.0001 

 
WARNING: 100% of the cells have expected counts less 

than 5. Chi-Square may not be a valid test. 
 

Sample Size = 70 
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Appendix IX SAS Tables for the Frequencies of the Activities of Nearest Neighbors 

 

Chatter 
 
Behavior                             Cumulative    Cumulative 
Of NN       Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
A                  1        2.44             1         2.44 
AL                 2        4.88             3         7.32 
F                  5       12.20             8        19.51 
MG                 1        2.44             9        21.95 
MP                 1        2.44            10        24.39 
NC                 3        7.32            13        31.71 
O                  1        2.44            14        34.15 
R                  2        4.88            16        39.02 
S                  6       14.63            22        53.66 
T                 11       26.83            33        80.49 
V                  8       19.51            41       100.00 
 
 
 

Growl 
 

Behavior                             Cumulative    Cumulative 
Of NN       Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
F                  2        5.71             2         5.71 
M                  1        2.86             3         8.57 
MG                 1        2.86             4        11.43 
NA                 1        2.86             5        14.29 
NC                 1        2.86             6        17.14 
O                  3        8.57             9        25.71 
P                  1        2.86            10        28.57 
R                  1        2.86            11        31.43 
S                  2        5.71            13        37.14 
T                 15       42.86            28        80.00 
V                  7       20.00            35       100.00 
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Growl-Snort 
 

Behavior                            Cumulative    Cumulative 
Of NN       Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
AG                 1        9.09             1         9.09 
NA                 1        9.09             2        18.18 
R                  3       27.27             5        45.45 
S                  1        9.09             6        54.55 
T                  1        9.09             7        63.64 
V                  4       36.36            11       100.00 
 
 
 
 

Grunt 
Behavior                             Cumulative    Cumulative 
Of NN       Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
AG                 1       14.29             1        14.29 
F                  1       14.29             2        28.57 
MG                 1       14.29             3        42.86 
MR                 1       14.29             4        57.14 
NC                 1       14.29             5        71.43 
S                  1       14.29             6        85.71 
T                  1       14.29             7       100.00 
 
 
 
 

Mew 
Behavior                             Cumulative    Cumulative 
Of NN      Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
F                  2       11.11             2        11.11 
S                  1        5.56             3        16.67 
T                  1        5.56             4        22.22 
V                 14       77.78            18       100.00 
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Pulsed Squawk 
 

Behavior                             Cumulative    Cumulative 
Of NN       Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
V                  9      100.00             9       100.00 
 
 
 
 
 
 

Roar-Shriek 
 

Behavior                             Cumulative    Cumulative 
Of NN       Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
O                  1        4.17             1         4.17 
S                  1        4.17             2         8.33 
V                 22       91.67            24       100.00 
 
 
 
 
 
 

Sniff 
 

Behavior                             Cumulative    Cumulative 
Of NN       Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
A                  1        6.25             1         6.25 
AG                 2       12.50             3        18.75 
NC                 3       18.75             6        37.50 
O                  1        6.25             7        43.75 
T                  3       18.75            10        62.50 
V                  6       37.50            16       100.00 
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Squeal 
 
Behavior                             Cumulative    Cumulative 
Of NN       Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
A                  1        1.43             1         1.43 
AG                 3        4.29             4         5.71 
AL                 2        2.86             6         8.57 
F                  3        4.29             9        12.86 
M                  5        7.14            14        20.00 
MG                 4        5.71            18        25.71 
MP                 1        1.43            19        27.14 
MR                 5        7.14            24        34.29 
NA                 1        1.43            25        35.71 
NC                 7       10.00            32        45.71 
R                  2        2.86            34        48.57 
S                  7       10.00            41        58.57 
T                 23       32.86            64        91.43 
V                  6        8.57            70       100.00 
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Appendix X SAS Tables for the Frequencies of the Distances of Call Initiators from 

Nearest Neighbors 

 
Distance From Nearest Neighbor= 5 Feet 

 
        Cumulative  Cumulative 

CallType         Frequency     Percent     Frequency    Percent 
--------------------------------------------------------------- 
Chatter                 3        4.92             3        4.92 
Growl                  36       59.02            39       63.93 
Growl-Snort             9       14.75            48       78.69 
Moo                     8       13.11            56       91.80 
Roar-Shriek             2        3.28            58       95.08 
Sniff                   2        3.28            60       98.36 
Squeal                  1        1.64            61      100.00 
 
 
 
 
 
 
 
 
 

Distance From Nearest Neighbor= 10 Feet 
 

       Cumulative  Cumulative 
CallType         Frequency     Percent     Frequency    Percent 
--------------------------------------------------------------- 
Growl                  68       74.73            68       74.73 
Growl-Snort             6        6.59            74       81.32 
Moo                    12       13.19            86       94.51 
Roar-Shriek             5        5.49            91      100.00 
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Distance From Nearest Neighbor= 15 Feet 
 

        Cumulative  Cumulative 
CallType         Frequency     Percent     Frequency    Percent 
--------------------------------------------------------------- 
Growl                  15       62.50            15       62.50 
Growl-Snort             3       12.50            18       75.00 
Moo                     3       12.50            21       87.50 
Roar-Shriek             2        8.33            23       95.83 
Sniff                   1        4.17            24      100.00 

 
 
 

Distance From Nearest Neighbor = 20 Feet 
 

        Cumulative  Cumulative 
CallType         Frequency     Percent     Frequency    Percent 

Growl                  32       74.42            32       74.42 
Growl-Snort             6       13.95            38       88.37 
Moo                     3        6.98            41       95.35 
Pulsed Squawk           2        4.65            43      100.00 
 
 
 

Distance From Nearest Neighbor = 25 Feet 
 

        Cumulative  Cumulative 
CallType         Frequency     Percent     Frequency    Percent 
-------------------------------------------------------------- 
Growl                   5       71.43             5       71.43 
Growl-Snort             1       14.29             6       85.71 
Moo                     1       14.29             7      100.00 
 

 
 

Distance From Nearest Neighbor = 30 Feet 
 

        Cumulative  Cumulative 
CallType         Frequency     Percent     Frequency    Percent 
--------------------------------------------------------------- 
Growl                   7       50.00             7       50.00 
Moo                     7       50.00            14      100.00 
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Distance From Nearest Neighbor = Greater Than 30 Feet 
 

        Cumulative  Cumulative 
CallType         Frequency     Percent     Frequency    Percent 
--------------------------------------------------------------- 
Growl                   8       80.00             8       80.00 
Roar-Shriek             2       20.00            10      100.00 

 
 
 
 

 
Distance From Nearest Neighbor = Arm’s Length 

 
        Cumulative  Cumulative 

CallType         Frequency     Percent     Frequency    Percent 
--------------------------------------------------------------- 
Chatter                 7       28.00             7       28.00 
Growl                   1        4.00             8       32.00 
Growl-Snort             3       12.00            11       44.00 
Grunt                   1        4.00            12       48.00 
Moo                     4       16.00            16       64.00 
Sniff                   2        8.00            18       72.00 
Squeal                  7       28.00            25      100.00 
 
 
 
 
 

Distance From Nearest Neighbor = Body Length 
 

        Cumulative  Cumulative 
CallType         Frequency     Percent     Frequency    Percent 
--------------------------------------------------------------- 
Growl                   4       33.33             4       33.33 
Moo                     4       33.33             8       66.67 
Pulsed Squawk           4       33.33            12      100.00 
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Distance From Nearest Neighbor = In Contact  
 

        Cumulative  Cumulative 
CallType         Frequency     Percent     Frequency    Percent 
--------------------------------------------------------------- 
Chatter                 7       13.46             7       13.46 
Growl                   1        1.92             8       15.38 
Growl-Snort             1        1.92             9       17.31 
Grunt                   4        7.69            13       25.00 
Sniff                   5        9.62            18       34.62 
Squeal                 34       65.38            52      100.00 
 
 
 

Distance From Nearest Neighbor = Not Applicable 
        Cumulative  Cumulative 

CallType         Frequency     Percent     Frequency    Percent 
--------------------------------------------------------------- 
Chatter                 1       33.33             1       33.33 
Roar-Shriek             1       33.33             2       66.67 
Squeal                  1       33.33             3      100.00 

 
 

 
 

Distance From Nearest Neighbor = Not Recorded 
 

        Cumulative  Cumulative 
CallType         Frequency     Percent     Frequency    Percent 
--------------------------------------------------------------- 
Chatter                34        7.56            34        7.56 
Growl                 200       44.44           234       52.00 
Growl-Snort            25        5.56           259       57.56 
Grunt                   6        1.33           265       58.89 
Moo                    83       18.44           348       77.33 
Pulsed Squawk          13        2.89           361       80.22 
Roar-Shriek            16        3.56           377       83.78 
Sniff                  21        4.67           398       88.44 
Snort                   1        0.22           399       88.67 
Squeal                 51       11.33           450      100.00 
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Distance From Nearest Neighbor = Out Of Sight 
 

        Cumulative  Cumulative 
CallType         Frequency     Percent     Frequency    Percent 
--------------------------------------------------------------- 
Chatter                 4        3.77             4        3.77 
Growl                  71       66.98            75       70.75 
Growl-Snort            12       11.32            87       82.08 
Moo                     7        6.60            94       88.68 
Sniff                   2        1.89            96       90.57 
Snort                   2        1.89            98       92.45 
Squeal                  8        7.55           106      100.00 
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Appendix XI SAS Tables for the Frequencies of Vocalizations by Time of Day 

 
 

AMPM=1 (Early Morning) 
 

 
 Cumulative    Cumulative 

CallType         Frequency     Percent     Frequency    Percent 
--------------------------------------------------------------- 
Chatter                39        5.80            39        5.80 
Growl                 372       55.36           411       61.16 
Growl-Snort            32        4.76           443       65.92 
Grunt                   7        1.04           450       66.96 
Moo                   114       16.96           564       83.93 
Pulsed Squawk           4        0.60           568       84.52 
Roar-Shriek            14        2.08           582       86.61 
Sniff                  24        3.57           606       90.18 
Snort                   1        0.15           607       90.33 
Squeal                 65        9.67           672      100.00 
 
 
 

 

 

 

 

 

 

AMPM=2 (Late Morning) 
 

 Cumulative    Cumulative 
CallType         Frequency     Percent     Frequency    Percent 
--------------------------------------------------------------- 
Chatter                 1        4.55             1        4.55 
Growl-Snort             5       22.73             6       27.27 
Grunt                   1        4.55             7       31.82 
Moo                     3       13.64            10       45.45 
Pulsed Squawk           2        9.09            12       54.55 
Roar-Shriek             8       36.36            20       90.91 
Squeal                  2        9.09            22      100.00 
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AMPM=3 (Afternoon) 
 

 
 Cumulative    Cumulative 

CallType         Frequency     Percent     Frequency    Percent 
--------------------------------------------------------------- 
Chatter                 8        7.69             8        7.69 
Growl                  22       21.15            30       28.85 
Growl-Snort            28       26.92            58       55.77 
Grunt                   2        1.92            60       57.69 
Moo                     2        1.92            62       59.62 
Pulsed Squawk          13       12.50            75       72.12 
Roar-Shriek             4        3.85            79       75.96 
Sniff                   6        5.77            85       81.73 
Squeal                 19       18.27           104      100.00 

 
 
 
 
 
 
 
 
 
 
 
 

AMPM=4 (Evening)  
 

 Cumulative    Cumulative 
CallType         Frequency     Percent     Frequency    Percent 
--------------------------------------------------------------- 
Chatter                 8        9.88             8        9.88 
Growl                  49       60.49            57       70.37 
Grunt                   1        1.23            58       71.60 
Roar-Shriek             2        2.47            60       74.07 
Sniff                   3        3.70            63       77.78 
Snort                   2        2.47            65       80.25 
Squeal                 16       19.75            81      100.00 
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Appendix XII SAS Tables for the Frequencies of the Activities of the Third 

Individuals 

 

Chatter 
 

Behavior 
Of 3rd                                  Cumulative   Cumulative 
Individual    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
NA                  54       96.43            54        96.43 
R                    1        1.79            55        98.21 
T                    1        1.79            56       100.00 

 
 
 
 

Growl 
 

Behavior 
Of 3rd                                  Cumulative   Cumulative 
Individual    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
A                    1        0.22             1         0.22 
NA                 436       97.98           437        98.20 
O                    1        0.22           438        98.43 
R                    1        0.22           439        98.65 
S                    1        0.22           440        98.88 
T                    5        1.12           445       100.00 

 
 
 

 
Growl-Snort 

 
Behavior 
Of 3rd                                  Cumulative   Cumulative 
Individual    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
NA                  61       95.31            61        95.31 
T                    1        1.56            62        96.88 
V                    2        3.13            64       100.00 
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Grunt 
 

Behavior 
Of 3rd                                  Cumulative   Cumulative 
Individual    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
NA                   9       90.00             9        90.00 
T                    1       10.00            10       100.00 

 
 
 
 
 
 
 

Mew 
 

Behavior 
Of 3rd                                  Cumulative   Cumulative 
Individual    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
NA                   6       27.27             6        27.27 
S                    1        4.55             7        31.82 
T                   10       45.45            17        77.27 
V                    5       22.73            22       100.00 

 
 
 
 
 
 
 

Pulsed Squawk 
 

Behavior 
Of 3rd                                  Cumulative   Cumulative 
Individual    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
V                   11      100.00            11       100.00 
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Roar-Shriek 
 
Behavior 
Of 3rd                                  Cumulative   Cumulative 
Individual    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
O                    3       12.00             3        12.00 
S                    1        4.00             4        16.00 
T                    1        4.00             5        20.00 
V                   20       80.00            25       100.00 

 
 

Sniff 
 

Behavior 
Of 3rd                                  Cumulative   Cumulative 
Individual    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
NA                  32      100.00            32       100.00 

 
 
 

Squeal 
 

Behavior 
Of 3rd                                  Cumulative   Cumulative 
Individual    Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
AL                   1        0.99             1         0.99 
NA                  95       94.06            96        95.05 
O                    1        0.99            97        96.04 
R                    1        0.99            98        97.03 
T                    2        1.98           100        99.01 
V                    1        0.99           101       100.00 
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Appendix XIII SAS Tables for the Frequencies of the Activities of Group Behavior 

 

Chatter 
 
Group 
Activity 
During                               Cumulative    Cumulative 
Call        Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
NA                56      100.00            56       100.00 
 
 
 
 
 

Growl 
 

Group 
Activity 
During                               Cumulative    Cumulative 
Call        Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
NA               443       99.33           443        99.33 
T                  3        0.67           446       100.00 
 
 
 
 
 

Growl-Snort 
 

Group 
Activity 
During                               Cumulative    Cumulative 
Call        Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
NA                61       95.31            61        95.31 
T                  1        1.56            62        96.88 
V                  2        3.13            64       100.00 
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Grunt 
 

Group 
Activity 
During                               Cumulative    Cumulative 
Call        Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
NA                10      100.00            10       100.0 
 
 
 
 
 
 

Mew 
 
Group 
Activity 
During                               Cumulative    Cumulative 
Call        Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
NA                16       84.21            16        84.21 
R                  1        5.26            17        89.47 
V                  2       10.53            19       100.00 
 
 
 
 
 

 
Pulsed Squawk 

 
Group 
Activity 
During                               Cumulative    Cumulative 
Call        Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
NA                 1       10.00             1        10.00 
V                  9       90.00            10       100.00 
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Roar-Shriek 
Group 
Activity 
During                               Cumulative    Cumulative 
Call        Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
O                  1        4.00             1         4.00 
S                  1        4.00             2         8.00 
T                  1        4.00             3        12.00 
V                 22       88.00            25       100.00 
 
 
 

Sniff 
 

Group 
Activity 
During                               Cumulative    Cumulative 
Call        Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
NA                32      100.00            32       100.00 
 
 
 

Squeal 
Group 
Activity 
During                               Cumulative    Cumulative 
Call        Frequency     Percent     Frequency      Percent 
--------------------------------------------------------------- 
NA               100       99.01           100        99.01 
V                  1        0.99           101       100.00 
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