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ABSTRACT 

This dissertation is a report on the investigation of the vocal behavior of free-living 

Grey Parrots (Psittacus erithacus) that inhabit the Congo Basin in Central Africa. I 

observed Grey Parrots in the Central African Republic and Cameroon and made audio 

recordings of their vocalizations. The results of spectrographic analysis of vocalizations 

lend support to the assertion that Grey Parrots produce calls that fall into four major 

acoustical classes—^tonal, harmonic, noisy-harmonic, and noisy—and that these call 

classes may be subdivided into as many as 39 different acoustical types. A reliability 

study of this classification scheme demonstrated that both clustering of these acoustical 

types into aggregate categories and the combined method of visual inspection and basic 

spectrographic measurement enable reliable classification of calls into classes, types and 

also subtypes. The majority of calls in the observed repertoire belong to pure tonal call 

class, which may suggest that a large proportion of Grey Parrot calling behavior is 

adapted for tonal call production. Grey Parrots may also adjust the acoustic 

characteristics of their calls to better adapt them to their environment and communication 

needs. Both observations of Grey Parrots and analysis of the acoustic and production 

characteristics of their calls indicate that Grey Parrots may share functional call tj'pes of 

some New World and Australian parrot species. Some Grey Parrot calling vocal 

behavior parallels that of captive Grey Parrots in the laboratory. I conclude with an 

exploration of possible reasons why Grey Parrots possess such a diverse vocal repertoire. 
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CHAPTER 1. INTRODUCTION 

This dissertation project may be the first published description of the vocal 

repertoire of free-living Grey Parrots (Psittacus erithacm) and one of a few studies that 

has focused on the wild behavior of this species. This research is an inventory of the 

vocal behavior of Grey Parrots that inhabit the northwestern region of the Congo Basin 

in Central Africa, specifically southern Central African Republic and Cameroon. The 

introductory chapter provides background and rationale for this research as well as a 

review of other related topics including the ecology and vocal behavior of the Psittacids. 

Chapters 2, 3, and 4 encompass this research project itself, including a general 

description of Grey Parrot behavior, a catalogue of vocalizations developed through the 

use of spectrographic analysis, explanations of known contexts in which parrots produce 

vocalizations, and a reliability test of the categorization method I used to develop the 

vocal catalogue. In the final chapter, I address the functional possibilities of 

vocalizations based on their acoustic characteristics, compare Grey Parrot vocal behavior 

to the most common aspects reported for other parrot species, and explore the 

implications of this research. 

Background and Rationale 

The inspiration for this research came from Alex, a captive-raised Grey Parrot and 

subject of nearly 25 years of laboratory research by Dr. Irene Pepperberg. Alex can not 

only produce but also comprehend over 100 human-based referential labels (Pepperberg, 



1999,2002). Alex utters these labels, which sound identical to English words, in 

response to questions regarding the identity, color, shape, and material of objects 

(Pepperberg, 1981, 1990a). He understands that when presented with an object or an 

array of objects, he must respond not only according to object attributes but to the 

content of the question because he may hear any one of several questions regarding 

objects (Pepperberg, 1990a, 1999); Alex also responds appropriately to queries that 

require him to label quantities of objects from zero to six and the relative size of objects 

(Pepperberg, 1987a, 1994; Pepperberg & Brezinsky, 1991). When presented with two 

objects and asked 'What same?' or 'What different?', Alex can vocally reply as to whether 

same or difference refers to the color, shape, or material of the objects or whether objects 

lack similarity or difference ('none') altogether (Pepperberg, 1987b, Pepperberg, 1988a). 

Because of Pepperberg's application of intrinsic rewards, Alex knows that correct 

responses to queries about objects result in the receipt of objects. To receive food, he 

understands that he must request it and that requesting something is different from 

labeling something. He can combine labels (e.g., use of'no', 'come here', 'wanna go X', 

and 'want Y') to request, describe, or refuse objects, locations, and activities; that is, he 

also uses these utterances to request items or information from his trainers (Pepperberg, 

1988b; Pepperberg 2002). Alex also engages in solitary word play (Pepperberg, Brese, 

& Harris, 1991). When Alex spontaneously creates new words from what may be parts 

of words already in his vocabulary, he can readily learn the functional significance of 

new words (Pepperberg, 1990b). For example, he seems to have created the word 

'popcorn', a favorite treat, from his 'pa' in 'pa-uh' (pasta); he soon learned to request 
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popcorn once trainers demonstrated the association between his new word and a piece of 

popcorn. Alex may also be asked a question that may require identification of a 

combination of attributes (Pepperberg, 1992,1999). For example, a trainer may present 

Alex with an array of items that include green and yellow pom-poms and green and 

yellow circles of paper; then the trainer may ask, "How many yellow paper?" Alex can 

then determine which items are both yellow and made of paper and their numerical 

quantity, and correctly reply, "three." More recent studies by Pepperberg on Alex and 

other Grey Parrots show that reference, function, and social interaction are critical for 

learning an allospecific referential code (Pepperberg, 1993, 1999). Finally, studies 

(Patterson & Pepperberg, 1994,1998) on Alex's ability to produce acoustically distinct 

phonemes, including fine scale phonological distinctions such as 'tea' and 'pea' (known as 

minimal pairs), demonstrate a sophisticated ability to categorize acoustic signals. 

What is the key implication of this research? Is Alex the Einstein of birds? Because 

other Grey Parrots have also exhibited many of these same abilities, the answer is "no." 

Then are these parrots' humanly appropriate behavior merely a consequence of the proper 

composition, quantity, and timing of sensory input provided by humans in a controlled 

setting? Is it most plausible to hypothesize that such input could shape a walnut-sized 

bird brain so effectively as to create cognitive abilities that are nonexistent in the 

genetically identical brains of free-roaming individuals that inhabit the tropical rainforest 

of Afi-ica? If the answer is "yes," then would the same hypothesis apply to the diverse 

taxa that share sophisticated cognitive and communicative abilities, such as chimpanzees, 

dolphins, parrots, and humans? 
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Irene Pepperberg has already proposed that Grey Parrots have an "existent cognitive 

architecture" onto which they learn to map perceptual, functional, referential, and social 

information (Pepperberg, 2002). Alex may indeed represent all his free-living relatives 

in Africa. One important question now is what is the origin of this architecture? If the 

same basic architecture exists in several diverse vertebrate species, then perhaps it 

coevolved in these species as a consequence of similar selective pressures. What 

selective pressures would have shaped these brains to produce such a similar 

evolutionary product? Might these pressures include the demands of a long life, slow 

reproduction, long-term parental care, and a complex social system (Humphrey, 1976)? 

Are many complex, unpredictable and variable stimuli the key selective pressures of all 

these species? 

Are the selective pressures that shaped the Grey Parrot brain reflected in their 

present ecology and behavior? What kind of variation exists in their vocalizations? Is 

there a relationship between the acoustic characteristics of their vocalizations and the 

physical characteristics of the environment? Do Grey Parrots adjust their vocalizations 

according to their audience or background noise? Do they produce vocalizations that 

have a specific function? What is the role of social interaction or social structure in the 

acoustic communication of free-living Grey Parrots? Pepperberg's research has already 

answered the question of what sensory input is important to the acquisition of referential 

vocalizations in captive Grey Parrots; reference, functionality, and social interaction. But 

why are reference, functionality, and social interaction important to vocal learning in 

Grey Parrots? What selective press ures made the Grey Parrot brain capable of referential 
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vocal communication? Do free-living Grey Parrots actually produce vocalizations that 

refer to the identity or color, shape, and material attributes of their food, predators, or 

flock members? Do they communicate about their motivation? Do they need to target 

some stimuli and ignore others; is learning important to this process? Do they need to 

know the difference between, for example, five and six? Do the acoustic characteristics 

of their vocalizations resemble human speech sounds? In general, how does the Grey 

Parrot cognitive architecture and vocal tract operate in the tropical rainforest? 

Describing the vocal repertoire of free-living Grey Parrots is the next logical step in 

understanding the origins of Grey Parrot cognitive architecture. The acoustic 

characteristics of the vocal repertoire reflect the phenotype created from the integrated 

development of a genetic code and sensory input. Over 25 years of research by Irene 

Pepperberg shows how that phenotype is expressed with specific input under controlled 

conditions. The question that urgently needs an answer is: How is that phenoty pe 

expressed in free-living Grey Parrots of Africa? Are there parallels between the vocal 

repertoire of captive and free-living Grey Parrots or between Grey Parrots and other 

parrot species? How can we reconcile a sedentary Grey Parrot that "talks" to humans 

with thousands of whistling, squawking birds that belong in the sky and rainforest 

canopy of Central and Western Africa? What do these birds "say" and what do they 

"talk" about? 
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Vocal Behavior of Free-living Grey Parrots 

In contrast to Pepperberg's exhaustive research on captive Grey Parrots, information 

regarding free-living Grey Parrot behavior comes largely from surveys or studies 

designed to assess the impact of exploitation of live parrots on the size and distribution of 

wild populations (e.g., Dandliker, 1992a, b; Mulliken, 1995; Juste, 1996; WCS, 1996; 

Fotso, 1998a, b; McGowan, 2001). Only a few research groups have published studies 

on the ecology or behavior of the species itself (Cruickshank, Gautier, & Chappuis, 

1993; Chapman, Chapman, & Wrangham, 1993; Tamungang, 1997; Tamungang, 

Ayodele, & Akum, 2001; Tamungang & Ajayi, 2003). 

Only one published study has examined vocal communication in free-living Grey 

Parrots. From a four-minute recording of two Grey Parrots in Zaire (Democratic 

Republic of Congo), Cruickshank et ai. (1993) identified 88 acoustically-distinct call 

types. Among these calls, they found apparent vocal mimicry of nine bird and one bat 

species—despite early observations of Greys that had failed to reveal interspecific vocal 

mimicry in the wild (Kroodsma & Baylis, 1982; Forshaw, 1989). 

Other descriptions of their vocal behavior suggest that Grey Parrots possesses a large 

and diverse vocal repertoire. Forshaw (1989, p. 314) describes "a medley of high-

pitched screams and prolonged whistling notes; when alarmed a harsh screech." Borrow 

and Demey (2001) report: "The only parrot in the region [West Africa] to utter loud clear 

whistles, besides variety of high pitched screeches, harsh and grating calls, and 

imitations" (pp. 478-479). Juniper and Parr (1998, pp. 375-376) report the following: 

"... wide repertoire of squawks, whistles, shrieks and screams given both in 
flight and when perched,... Calls include harsh grating scraark scraarkscraark. 
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noisy scree-at, short sharp scrat scrat scrat and creee-ar creee-ar creee-ar calls 
with a honking nasal quality that recalls geese. Harsher calls sometimes 
interspersed with a range of whistling sounds, sometimes ascending or 
descending in pitch, including pure-toned weee-ooo weee-ooo and teee-ooo. 
Some whistles are long and rolling with a rather eerie quality, others suggest a 
bubbling sound; some are short and rapidly repeated, others are very high-
pitched and penetrating. Voice sometimes suggests air blown across top of a 
bottle, and a descending dooo-o-ooo followed by a loud harsh screeek is often 
heard. A harsh loud screech signals alarm..." 

Together with the results of Cruickshank et at. (1993), these descriptions suggest a vocal 

repertoire of 15-88 acoustically-distinct calls. To date, this repertoire as a whole has not 

been the focus of any published work known to this author. 

Temperate Songbirds vs. Parrots 

The vast majority of the literature on acoustic communication in birds comes from 

temperate Passerines, particularly Oscines (Catchpole & Slater, 1995; Kroodsma & 

Miller, 1996). Although a strong theoretical framework exists with respect to the 

acquisition and use of vocalizations by these birds, the many differences between parrots 

and temperate songbirds indicate that some theories may not apply to parrots. One major 

difference between parrots and most if not all songbirds is that parrots, which have a 

"simpler" syrinx, use parts of their vocal tract differently to produce sound (Nottebohm, 

1976; Gaunt & Gaunt, 1985; Patterson, 1999; Bradbury, 2003). In Grey Parrots, for 

example, suprasyringeal structures may play a more important role in vocal control than 

in Oscines (Warren, Patterson & Pepperberg, 1996). Second, the brain areas used in 

vocal control, i.e., the central nucleus of the lateral neostriatum (Nix) in Psittaciformes 

(parrots) and the central nucleus of the high vocal center (HVc) in Oscine Passeriformes 
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(songbirds), exhibit differences significant enough that it is not yet clear (Jarvis & Mello, 

2000) whether these areas are homologous (Paton, Manogue, & Nottebohm, 1981) or 

analogous (Striedter, 1994; Brenowitz, 1997; Plummer & Striedter, 2000; see also 

Parries, 2001). Third, most temperate songbirds have a closed system of vocal learning, 

restricted to season or age (Catchpole & Slater, 1995; Kroodsma & Miller, 1996; Morton 

& Stutchbury, 2001), whereas parrots have an open ended system in which they can learn 

new vocalizations across seasons and throughout their lives (Farabaugh & Dooling, 

1996; Pepperberg, 1999; Bradbury, 2003). In at least some Psittacids, mature adults 

readily modify their calls to match that of the group (Farabaugh, Linzenbold & Dooling, 

1994; Bartlett & Slater, 1998; Hile & Striedter, 2000) or that of a mate (Hile, Plummer, 

& Striedter, 2000). A fourth major important difference is the composition of the vocal 

repertoire. Most parrot repertoires studied to date consist primarily of learned calls with 

little or no solo song (song produced by one individual). When it does occur, parrot song 

consists of syllables of highly variable acoustic structure, as in the warble song of 

Budgerigars (Farabaugh, Brown, & Dooling, 1992; see review in Farabaugh & Dooling, 

1996). In contrast, songbird repertoires often consist primarily of learned song and 

inherited calls (see reviews in Kroodsma & Miller, 1982,1996; Catchpole & Slater, 

1995), with a only a few exceptions such as the Cardueline finches, in which call 

learning is common (Mundinger 1970, 1979; Ficken, Ficken, & Witkin, 1978; Farabaugh 

et al., 1994). Too, in parrots, it is common for both sexes to produce vocalizations 

including vocal duets (Power, 1966a,b; Mebes, 1978; Serpell, 1981; Arrowood, 1988; 

Snyder et al. 1987; Wright, 1997; Wright & Dorin, 2001; Bradbury, 2003). In temperate 



songbirds, learned vocalizations, i.e., song, are largely restricted to males and vocal duets 

are rare (Morton, 1996; Morton & Stutchbury, 2001). Finally, the primary functions of 

learned vocalizations in temperate songbirds, i.e., male song, are territorial defense and 

mate attraction (Catchpole & Slater, 1995; Morton, 1996) whereas parrots produce 

learned vocalizations in a variety of contexts that suggest functions different from or in 

addition to territorial defense (e.g., nest defense) or mate attraction (Bradbury, 2003). In 

summary, these differences may indicate that temperate songbirds may be limited in 

providing models for vocal learning in parrots and therefore existing theories should be 

applied to parrots with great caution. 

Evolution of Signal Structure 

Perhaps the most promising theories applicable to parrots are those that explain 

vocal communication across taxa. Because evolution has shaped signal structure, one 

way to elucidate the function of an acoustic signal is to examine its structural features 

(Owren & Kendall, 2001). Some characteristics indicate a suitable range for the signal, 

e.g., long or short (Morton, 1975; Wiley & Richards, 1982; Bradbury & Vehrencamp, 

1998). Some features either enhance or conceal the location of the sound, through 

estimation of either the direction of or distance to the sound (Marler, 1955,1967; 

Morton, 1975; Hope, 1980; Richards, 1981; Wiley & Richards, 1982; Catchpole & 

Slater, 1995; Bradbury & Vehrencamp, 1998). Important considerations include what 

happens to a sound as it propagates through the environment, including attenuation, 

degradation, and distortion related to frequency or temporal properties (Chappuis, 1971; 



Morton, 1975; Wiley & Richards, 1978,1982; Richards & Wiley, 1980; Ryan & 

Brenowtiz, 1985; Wiley, 1991; Robinson & Curtis, 1996; Nemeth, Winkler, & 

Dabelsteen, 2001), the quantity and kind of noise that can interfere with a sound 

(Morton, 1975; Wiley & Richards, 1982; Brenovvitz, 1982a, b; Ryan & Brenowtiz, 1985; 

Dabelsteen, Larson, & Pedersen, 1993; Klump, 1996), and the ability of and constraints 

on the sender and receiver (Morton, 1977; Wallschager, 1980; Brenowitz, 1982a, b; 

Wiley & Richards, 1982; Bowman, 1983; Ryan & Brenowtiz, 1985; Ryan 1988; Wiley, 

1991; Endler, 1992,1993), Other important aspects of signal form include signal 

delivery (e.g., ratio of "on" to "off time, repetition, rate), signal variation (e.g., among 

and within individuals or groups, graded vs. discrete, correspondence between signal and 

a signaler's ability, motivation, or health), and the information capacity of a signal (e.g., 

complexity) (Morton, 1977; Bradbury & Vehrencamp, 1998; Owren & Rendall, 2001). 

When considered together, these factors enable the development of the most plausible 

hypotheses regarding the function of a given signal. 

Overview of Parrot Behavioral Ecology 

Bradbury (2003) suggests that if temperate songbirds are poor models for parrots, 

then we can examine only the parrots themselves; however, he notes, gathering data on 

parrots that are equivalent to existing data for songbirds poses a challenge. Free-living 

parrots are infamously difficult to study (Farabaugh & Dooling, 1996; Bradbury, 2003). 

Most are non-migratory but highly mobile, i.e., nomadic (Juniper & Parr, 1998). Many 

live in tropical habitats, including habitats that are disappearing or habitats that lie in 
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politically unstable countries. These factors often require researchers to use innovative, 

difficult, risky, or expensive observation and recording techniques (e.g., Munn, 1991). 

Moreover, many parrots have characteristics that pose problems for tagging (Rowley & 

Saunders, 1980; Saunders, 1982; Meyers, 1995,1996); (1) powerful bills used both for 

auto- and allo-preening— that they also use to remove or damage tags, (2) short 

"hourglass-shaped" tarsi that they bring to their bill with ease, and (3) a fastidious 

intolerance of materials attached to their bodies. In spite of these obstacles, research on 

the acoustic communication in parrots is badly needed and strongly encouraged because 

it will make a significant contribution to the understanding of acoustic communication in 

birds (Farabaugh & Dooling, 1996; Kroodsma, Vielliard, & Stiles, 1996). 

Many aspects of the behavioral ecology of parrots may be important to 

understanding their vocal communication. These include diet, movement patterns, social 

behavior, predation, reproduction, and their ability to learn. The following sections 

describe some common characteristics of parrots and current knowledge regarding Grey 

Parrot biology. 

Diet. "Seed predator" is a term often applied to parrots. Although parrots may also 

eat fruits, buds, blossoms, nectar, pollen, leaves, bark, and insects (i.e. larvae) 

(Dandliker, 1992; Gilardi, 1996; Tamungang, 1997; Juniper & Parr, 1998; Tamungang & 

Ajayi, 2003; Bradbury, 2003), the powerful curved bill and muscular tongue is thought to 

have evolved primarily for seed consumption (Homberger, 1986). In many parrots, the 

power and flexibility of the bill and dexterity of the tongue enable highly efficient 

extraction of seeds. In generalist parrots, the bill and tongue combined with use of their 



feet afford them access to an array of rich food sources with various physical defenses, 

such as hard shells, husks, or spines, that deter other seed predators (Janzen, 1981; 

Terborgh, 1983; Gilardi, 1996; Juniper & Parr, 1998; Bradbury, 2003). Some parrots 

may consume a diversity of food types but avoid toxic plants (Bradbury, 2003). Others 

circumvent the chemical defenses (e.g., phenolic compounds) of foods avoided by 

primates, other birds, or insects by consuming soil whose physical chemistry helps 

neutralize toxins in the digestive tract (Terborgh, 1983; Gilardi, 1996; Gilardi, Duffey, 

Munn, & Tell, 1999). Thus, both morphology and behavior enable some parrots to gain 

access to a high diversity of food sources. 

Grey Parrots consume the seeds, fruits, buds, and flowers of trees (DSndliker, 1992; 

Tamungang, 2003) and also herbs and soil (Bentley, May & Pepperberg, 1998). In 

Korup National Park, Cameroon, Grey Parrots reportedly feed on 14 tree species: the 

seeds of four species, the fruits of seven, the flowers of two, and the flower bud of one 

(Tamungang, 2003). In Ghana (DSndliker 1992), Grey Parrots reportedly feed on the 

seeds/arils, flower buds, flowers, or fruits of at least nine tree species. With the 

exception of the oil-palm fruit Elaeis guineensis, which is available year-round, fruiting 

phenologies vary (Tamungang, 2003). In southeastern Cameroon and southwestern 

Central African Republic (May, 1996; Bentley et al., 1998), Grey Parrots congregate in 

forest clearings where they descend to the ground to feed on the vegetative parts of 

aquatic plants including Lemna spp. (Fotso, 1998a). In Cameroon, they also ingest 

mineral-rich soil (Bentley et al, 1998, unpublished data) and "juice" the bark of trees 
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(May, 2002). Grey Parrots clearly have diverse diet that varies temporally in its 

availability. 

The parrot diet might be important to understanding parrot communication in at least 

two ways. First, diet was the driving force behind the physical architecture that also 

functions as the "lingual apparatus" (Homberger, 1986). In the case of the Grey Parrot, 

the powerful and flexible bill and a dexterous tongue clearly play a role in the production 

of some highly complex sounds, such as mimicry of some human vowel sounds whose 

differences correspond to bill opening and tongue position (Scanlan, 1988; Warren, 

Patterson, & Pepperberg, 1996). Second, diet influences the movement and social 

interaction patterns of parrots that, in turn, dictate how parrots communicate. A 

relationship between diet and vocal behavior has been shown for songbirds (Morton & 

Stutchbuiy, 2001), and such a relationship may also be true for parrots. 

Movements. Most parrots are highly mobile throughout a large geographic area but 

are non-migratory (Juniper & Parr, 1998; Bradbury, 2003). Bradbury (2003) describes 

the home ranges of parrots as much larger than those of other avian taxa of similar size. 

Juniper and Parr (1998) highlight the Grey Parrot as a species that makes "substantial 

daily movements between communal roosting areas and feeding places" (p. 21). 

Resources, which may have a large temporal and spatial distribution, clearly 

influence the high mobility and large ranges of parrots (Juniper & Parr, 1998; Bradbury, 

2003). Some parrots are nomadic and movements correspond to seasonal availability of 

resources (Juniper & Parr, 1998). Bradbury (2003) argues that large home ranges 

correlate to diet in the following ways. Species that eat toxic seeds must limit how much 



25 

they consume at a given location, regardless of how much food is available, because they 

also need to seek other foods. Too, nontoxic foods have phenological patterns that cause 

parrots to range widely. Lilac-crowned parrots in tropical dry forest, for example, 

closely track seed resources according to their spatial and temporal variation in 

abundance (Renton, 2001). In many tropical plant species, only a few fruit mature in a 

day. This pattern requires parrots to travel to a number of plants to locate ones suitable 

for feeding. They may need to avoid, for example, plants in which another flock has 

already fed on the available mature fruit (Bradbury, 2003 ). In this case, parrots may also 

destroy viable food in disproportion to what they ingest (Gilardi, 1996). Both free-living 

and captive Grey Parrots handle or bite (including seed extraction) and drop partially 

eaten or otherwise altered uneaten food items (personal observation). Parrots may also 

be selective about a fruit's stage of ripening. For example. Grey Parrots in Ghana eat 

some species only rarely and in the early stages of ripening (Dandliker, 1992). Actively 

seeking food sources at select stages of ripening may also influence movement patterns. 

Research suggests that Grey Parrots may travel long distances (Dandliker, 1992; 

Chapman et al., 1993; Cruickshank et al., 1993; Fotso, 1998). They are strong fliers: 

-300 wing beats per minute in direct cruising flight and capable of a velocity of 72 km 

per hour (Dandliker, 1992). One study found that the rare presence of G rey Parrots in the 

Kibale Forest Reserve in western Uganda coincided with the location and fruiting period 

of a large seed crop of Pseudospondias microcarpa (Chapman et al., 1993). These 

authors observed approximately 95 birds using a grove of P. microcarpa trees for less 

than a month, primarily over a period of 10 days. They note that during the 14 months of 
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vertebrate censusing prior to the fruiting of P. microcarpa in this area, they did not see 

any Grey Parrots. They suggest that the parrots track this fruit as it becomes available 

and that this population requires a very large area to support it. 

Preferences for particular roost areas and the distance between roost and feeding 

areas can also influence movement patterns. Cruickshank et al. (1993) found that Grey 

Parrots mimic the vocalizations of two avian species that did not occur in the park where 

they recorded the Grey Parrots. They suggest that if Grey Parrots learn these 

vocalizations from the model species directly and model species do not occur in the park, 

these Grey Parrots would need to have traveled far from where they heard the 

vocalizations. Fotso (1998) reports that Grey Parrots travel far to feed in forest clearings 

in southeastern Cameroon where they come to the ground to feed and drink; he also notes 

that hunters claim (albeit no evidence yet exists) that Grey Parrots travel from as far as 

Brazzaville, Congo. Roost surveys indicate that Grey Parrots range a minimum distance 

of 15-19 kilometers from their roost and that a given roost covers an area of 300-700 km' 

(Fotso, 1998; Dandliker, 1992). In Korup National Park, Tamungang, Ayodele, and 

Akum (2001) estimated the average home range of marked Grey Parrots at 10.3 

kilometers, with the longest extending to 18 km and with an average home range area of 

283 kml In contrast to Dandliker's and Fotso's countrywide surveys, Tamungang's 

relatively small study area restricted primarily to Korup National Park and the 

immediately surrounding area may explain, in part, slightly smaller reported ranges. 

Circadian cycle. Many parrots appear to share similar patterns of daily activities 

(Juniper & Parr, 1998; Bradbury, 2003). Non-breeding parrots sleep together in 
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relatively large groups at night roosts and, before or at dawn, disperse into small groups 

and pairs during morning hours to feed. When foraging, some species may engage in 

fission/fusion behavior (Bradbtay, Cortopassi, & Clemmons, 2001; Bradbury, 2003; 

Vehrencamp, Ritter, Keever, & Bradbury, 2003 ). Parrots will then often rest, bathe, and 

socialize. In the afternoon, parrots may feed again before they gather to roost. High 

vocal activity typically occurs in the early morning and late part of the day, especially 

when arriving at or departing from roosts; relatively low or no vocal activity occurs 

during the better part of the day. 

Roosts. Many parrots form communal night roosts (Juniper & Parr, 1998). Sleeping 

aggregations may comprise anywhere from 15 to thousands of birds (Juniper & Parr, 

1998; Bradbury, 2003). In some species, arrival at the roost is preceded by "late 

afternoon staging" (Bradbury, 2003) or "pre-roosting" behavior (Dtodliker, 1992) near 

roosting trees. This behavior involves recruitment of conspecifics that eventually move 

to and then sleep together at the roost. Roosts may provide benefits to thermoregulation, 

protection from predators, and facilitation of foraging efficiency (Eiserer, 1984; Juniper 

& Parr, 1998). 

Like many parrot species. Grey parrots form communal night roosts. Grey Parrots 

commonly roost in Raffia palms along a river but also in bamboo along rivers and in 

Raffia in or surrounding swamps (Forshaw, 1989; Dandiiker, 1992; Fotso, 1998). 

Forshaw (1989) also notes that they roost on the edge of the forest in tall trees. In at least 

one case in Nigeria, Grey Parrots roost along a river next to a village (McGowan, 2001). 
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Grey Parrot roost sizes range from 30 to more than 4000 (Dandhker, 1992; Fotso, 

1998; McGowan, 2001). In Ghana, Dandiiker (1992) counted the number of parrots at 

over 12 roosts with roost sizes ranging from 30-1200 parrots and an average of 183-238 

parrots per roost. Three roosts (25%) hosted 700-1200 parrots, five (41.7%) hosted 100-

400 parrots, and four (33.3%) 30-100 parrots. He also counted parrots at nine other 

roosts that hosted 15, fewer, or no parrots; however, he asserted that, for at least seven of 

these roosts, the "near-empty" and "empty" sizes were the result of trapping. In southern 

and western Cameroon, Fotso (1998) counted the number of parrots at 12 roosts and 

found roost sizes ranging from 100-4000 parrots, with an average of 1000-1250 parrots 

per roost. Three roosts (25%) hosted more than 2000-4000 parrots, two (16.7%) more 

than 600-1500 parrots, five (41.6%) more than 300-500 parrots, and two (16.7%) more 

than 100-300 parrots. Although the difference in roost sizes between Cameroon and 

Ghana may represent differences in population size, the smaller sizes in Ghana could be 

a consequence of fewer parrots visiting the roosts during the breeding season (Dandiiker, 

1992; Fotso, 1998). In a recent study in Nigeria, McGowan (2001) estimates that the 

Ikodi roost, along a river next to a village, comprises "many hundreds of birds" and 

perhaps more during the "peak season," when Grey Parrots do not breed (p. 23). 

Together, these recent population surveys indicate a range of Grey Parrot roost sizes 

from a few hundred to a few thousand birds. 

Roosting behavior may correlate to variation in vocalization patterns. For example, 

Wright (1996) found a clear relationship between vocal variation (i.e., dialects) in 

Yellow-naped Amazons and roost locations/groupings. Wright and Wilkinson (2001) 
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later showed that contact call dialects are unrelated to genetic variation and concluded 

that, instead, selection for social learning maintains these dialects, enabling individuals to 

modify their calls to conform to the local call types. In this example, roosts reflect 

important social interaction patterns responsible for the manner in which parrots acquire 

and produce vocalizations. 

Reproduction. Most parrots are sexually monomorphic in body size and structure 

but, when they do differ, the difference is most often only slight one in plumage 

coloration (Juniper & Parr, 1998). Occasionally, plumage differs more dramatically, e.g., 

Eclectus roratus', in Budgerigars {Melopsittacus undulatus), plumage differences in the 

ultraviolet range may serve as honest sexual signals (Arnold, Owens, & Marshall, 2002). 

Most parrots are monogamous and most of the larger species pair for life (Juniper & 

Parr, 1998). Such long-term pair bonds, especially when maintained by frequent 

allopreening and allofeeding, may be an adaptation for successful mating in opportunistic 

breeders (Juniper & Parr, 1998). Tropical species do not have a well-defined breeding 

season and some species like lories breed opportunistically according to the availability 

of food (Juniper & Parr, 1998). Typically, both parents feed the young. In larger parrots 

like Cockatoos and Macaws, juveniles may remain with their parents for an extended 

period (Rowley, 1980; Saunders, 1982,1983; Gilardi, 1996). With some exceptions, 

parrots do not build nests as do oscines: They nest in tree or palm cavities, often 

modifying these with their powerful bills (Juniper & Parr, 1998). Most parrots are not 

territorial except in cases of some parrots that defense nests and a small area around nests 

during the breeding season (Juniper & Parr, 1998; Bradbury, 2003). 
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Most Psittacids reproduce slowly. Parrots commonly reach sexual maturity in 2-4 

years, with larger species maturing more slowly (Juniper & Parr, 1998). In some species, 

paired adults may forego or fail to reproduce in a given year. Munn (1992) found that for 

populations of five macaw species, only 10% to 20% of adult mated pairs attempted to 

nest in a given year, and only a proportion of these attempts successfully fledged young. 

Other studies have found significant proportions of nonbreeding adults in parrot 

populations (Beissinger & Bucher ,1992): 57% of Puerto Rican Parrots (Amazona 

vittata) anually did not breed (Snyder, Wiley, & Kepler 1987); 41% of male and 8% 

female Green-rumped Parrotlets (Forpus passerinm) >1 year of age and 91% of first-

year males and 44% of first-year females did not breed (Beissinger unpubl. data, cited in 

Beissinger & Bucher, 1992); although 20% to 23% of Hispanolian Parrot (Amazona 

ventralis) pairs defended territories, they did not nest (Snyder at al., 1987). Such slow 

rates of reproduction suggest a large investment in each reproductive attempt. 

Predatkm. Probably the most common type ofPsittacine predator is the raptor 

(Saunders, 1982; Snyder et al, 1987; Forshaw, 1989; Juniper & Parr, 1998; Bradbury, 

2003). The Black Sparrowhawk (Accipiter melanoleucus) and the Madagascar 

Gymnogene (Poiyhoroide radiatus) are known to prey on young Grey Parrots (Fotso, 

1998). Tree dwelling animals may also take many eggs and nestlings (Juniper & Parr, 

1998). 

Social Structure. The typical social grouping is the pair (Forshaw, 1989; Juniper & 

Parr, 1998; Bradbury, 2003). Pairs remain together yearlong and may coordinate their 

behavior in agonistic interactions (Power, 1966a; Arrowood, 1988; Serpell, 1981; 
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Gametzke-Stollman & Franck, 1991; Waltman & Beissinger, 1992; Bradbury, 2003). As 

noted above, the pair bond can last from many years to a lifetime (Serpell, 1981; 

Saunders, 1982, 1983; Rowley, 1980; Gametzke-Stollman & Franck, 1991; Waltman & 

Beissinger, 1992). The pair bond is actively maintained through specific activities such 

as perching closely (often in direct contact), allopreening, bill contact, vocalizations and 

more generally through coordinated behavior such as moving together, feeding together, 

and roosting together (Stamm, 1962; Arrovvood, 1988; Maretella & Bucher, 1990; 

Gametzke-Stollman & Franck, 1991; Copsey, 1995). Parrots may have a particularly 

complex social structure because subgroupings, such as the pair, need to be maintained 

among larger groupings such as roosting flocks and large feeding aggregations. 

Reliance on Learning. The demands of a long life (at least for larger parrots), 

diverse diet, and a complex social structure may require extensive leaming (Humphrey, 

1976). Longevity means that a parrot, vs. a short-lived species, is likely to encounter a 

larger variety of circumstances throughout its lifetime. A diverse diet may require a 

parrot to learn where and when to find these foods, how to navigate to their location, 

which may vary over time, and furthermore, recognize their associated attributes such as 

color, shape, and texture. A complex social structure may require a parrot to remember a 

large number of interactions and possibly relationships among conspecifics and their 

associated consequences and importance. In highly vocal Psittacids, many if not most of 

the vocalizations are leamed (Farabaugh & Dooling, 1996) and therefore vocal 

communication requires a great deal of learning in the production, comprehension, and 

memory of vocalizations. 
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Describing a Vocal Repertoire 

Understanding acoustic communication in a species involves three basic steps. The 

first step is to inventory and describe its acoustic repertoire (Hailman & Ficken, 1996). 

The second step is to determine covariation between various acoustic structures and 

behavior (e.g., acoustically distinct vervet monkey calls associated with specific 

behavioral responses (Struhsaker, 1967). The third step is to test how the animals 

themselves interpret and respond to acoustic signals, either through psychoacoustical 

studies in the laboratory- under controlled conditions, e.g., training Budgerigars to 

respond differentially to various vocal signals (Dooling, 1986), or through playback 

studies in the field, e.g., playback of vervet alarm calls to vervet monkeys in their 

savanna habitat (Seyfarth, Cheney, & Marler, 1980). 

One common way to catalogue a vocal repertoire is to categorize common structures 

that cluster together (Fitch, Neubauer, & Herzel, 2002). Researchers use different 

methods to determine what the acoustic categories are, but these various methods do not 

always show agreement in the results. Nowicki and Nelson (1990) compared three 

methods for defining the natural categories in the 'Chick-a-dee'-call notes produced by 

the Black-capped Chickadee (Parus atricapillus). These included "(1) multi-dimensional 

scaling of inter-note similarities derived from two-dimensional cross-correlation of 

digital spectrograms [These authors cite the 'sound-comparative method' of Clark, 

Marler, & Beeman,]987], 2) visual sorting of notes by human observers, and 3) k-means 

cluster analysis based on a principal components analysis of 14 measured acoustic 

features" (p. 89). They found general agreement among the results of these, with the 
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"closest agreement between multidimensional scaling and visual classifications" (p. 89). 

For the visual sorting method, they used two sorters that showed remarkable agreement 

in the categorization of call notes. The results of this study show that even in a species 

that clearly has discrete acoustic categories, the experimenter's choice of methodology 

affects where categorical boundaries will fall. Even if various methods yielded the same 

categories, these may not be relevant to the animals themselves (Green & Marler, 1979). 

Description of the natural categories of animals is an ongoing problem in behavioral 

research (Marler, 1982; Nowicki & Nelson, 1990; Horn & Falls, 1996). Specifically, 

determining how an animal groups and splits acoustic stimuli is difficult. Horn and Falls 

(1996) emphasize two important caveats about animals. First, even where stimuli vary in 

a continuous manner, animals may respond to these as discrete categories. This 

categorization may be the result of perceptual constraints, e.g., human perception of 

colors or the /b/ versus /p/ distinction, or of small differences in structure having large 

effects, e.g., human perception of the difference between driving slightly over and 

slightly under the speed limit (Horn & Falls, 1996). The second caveat is that where 

stimuli differ significantly in their structure, animals may respond to these as the same. 

Furthermore, animals may perceive sameness and difference in structurally distinct 

stimuli according to circumstances (Horn & Falls, 1996). For example, an animal may 

respond to a call category as the same but may also perceive differences among 

individuals that produce the call; in this case, the identity of the caller might be a 

subcategory (Horn & Falls, 1996). These are important considerations when examining 

the vocal repertoire of a species. 
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Parrot Vocal Repertoires 

The vocal repertoire of most parrots comprises primarily learned calls that serve a 

variety of functions (Farabaugh & Dooling, 1996). Parrots use calls to recognize 

individuals, coordinate movement, indicate movement (e.g., "preflight call"), establish 

contact, maintain spatial proximity, beg for food, signal alarm, etc. 

Individual recognition. Studies of parrots have identified calls for recognition 

between parents and offspring, between members of mated pairs, and among siblings. In 

Maroon-fronted Parrots (Rhynchopsitta terrisi), adults often produce a loud, long

distance call in flight; young in the nest also produce this call, but only in response to the 

calls of their parents (Lawson & Lanning, 1980). In Galahs (Cacatua roseicapilla), 

young at the creche congregate at an assembly point for feeding when they hear the calls 

of their parents; parents recognize these calls and move toward their young (Rowley, 

1980). In Bahama Amazons {Amazona leucocephala bahamensis), members of mated 

pairs may recognize each others' calls within groups (Gnam, 1988). Orange-fronted 

Conures (Aratinga canicularis) produce loud contact calls that are individually distinct 

(Bradbury, 2003) and therefore individual recognition is at least possible in this species. 

In Spectacled Parrotlets {Forpus conspicillatus), juveniles distinguish the contact calls of 

siblings from other consepcifics, and adults recognize the contact calls of their mates 

(Wanker, Apcin, Jennerjahn, & Waibel, 1998). 

Coordination of Movement and Aggregation. Parrots produce calls that appear to 

facilitate the movement or formation of groups such as foraging flocks and communal 

night roosts. In Budgerigars (Melopsittacus undulatus), members of a group repeat a 
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"Squaaack" call that precedes group movement (Brockway, 1964). In White-fronted 

Amazons {Amazona albifrons) and Orange-winged Amazons {Amazona amazonica), 

pairs produce a vocalization in conjunction with a wing display that may function as an 

'assembly signal' (Levinson, 1980). Often when they return to the roost, Galahs produce 

the "S" or "Chet" call; they also produce it when other members utter the call as they 

approach the roost (Pidgeon, 1981). Orange-fronted Conures produce contact calls to 

recruit others to a night roost (Bradbury, 2003). 

Other functions. Parrot vocalizations have other functions as well. As anti-predator 

behavior. Orange-fronted Conures produce warning 'cries' (Hardy, 1963); Olive-throated 

Parakeets produce mobbing calls and approach Gray Hawks {Buteo nitidus). Orange-

fronted Conures {Aratinga caniculam) produce a whistle or cry when pupil-flexing 

possibly to draw attention to the display produced by a bird at a greater distance. The 

Conures also whistle in conjunction with bill-snapping and pupil-flexing that possibly 

serves to forestall intraspecific attack (Hardy, 1963). Orange-fronted conures produce 

squawks in agonistic behavior, two- and three-note calls in intrapair and nesting 

behavior, and at least two types 'content-rest' calls during periods of resting both 

diurnally and while roosting (Hardy, 1963). 

Common Parrot Call Types 

A recent review of parrot vocal repertoires concludes that most studies of wild 

parrots report 10-15 functionally and structurally distinct call types in the repertoire of 

their study species (Bradbury, 2003). Bradbury (2003) designated nine call types as most 
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common in parrot vocal repertoires: a loud contact call, a soft contact call, a preflight 

call, begging calls, an agonistic protest, a distress call, alarm calls, pair duets, and 

warbles. 

Loud Contact Call. Most Psittacids studied to date appear to have a learned "contact 

call" for managing social interactions among flock members (Bradbury, 2003; Farabaugh 

& Dooling, 1996). Parrots may produce the call in flight or while perched. Perched and 

flying flock members may exchange the call, e.g., parrots in a roost area and parrots 

approaching a roost area; when separated, pair members may exchange the call. The 

loud contact call may be the loudest of calls in the vocal repertoire. In Yellow-naped 

Amazons {Amazona auropaiiiata, Wright, 1996, 1997), the loud contact call is the most 

frequent call in the vocal repertoire. Other species that have a contact call include White-

fronted Amazon parrots {Amazona alhifrom, Bradbury , 2003), Caribbean Amazon 

{Amazona auropaiiiata caribea, Snyder et al, 1987), Maroon-fronted Parrots 

{Rhynchopsitta terrisi, Lawson & Lanning, 1980), Orange-fronted Conures {Aratinga 

canicular is ̂ Bradbury, 2001), Orange-chinned Parakeets {Brotogeris jugular is, 

Bradbury, 2003; described as "intrapair call" by Hardy, 1963), Spectacled Parrotlets 

{Forpus conspicillatus. Wanker et al., 1996, 1998), Galahs (Pidgeon, 1981; Rowley, 

1980), Black Cockatoos (Saunders, 1983), Sulphur-crested Cockatoos {Cacatua galerita, 

Noske, 1980), Ringneck Parrots (Barnardius zonarius. Baker, 2000), Budgerigars 

{Melopsittacus undulatus, Wyndham, 1980; Farabaugh & Dooling, 1996;), and Monk 

Parakeets (Myiopsitta monachus, Martella & Bucher, 1990). Galahs produce an S call in 

at least five circumstances (Pidgeon, 1981); (1) when they approach the roost, often as a 
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flock, (2) perched at the roost in response to an approaching flock, (3) shortly after they 

depart the roost as a group, (4) in response to perched juveniles that produced the call at 

some distance away, followed by flying to the juveniles and feeding them, and (5) when 

caged, in response to distant calls of other Galahs, which then would attract the free-

living birds to the cage. Budgerigars may use contact calls to locate, identify, "and 

maintain contact with mates and flockmates" (p. 105) within large dynamic feeding 

aggregations (Farabaugh & Dooling, 1996). Bradbury (2003) used the term "loud 

contact call" to refer to a call that establishes "a vocal connection between specific birds" 

(p. 301). Yellow-naped Amazons and Ringneck Parrots have contact call dialects that 

show a relationship to social rather than genetic factors (Baker, 2000; Wright & 

Wilkinson, 2001), including subspecies and hybrid differences in the latter case. 

Soft Contact Call. Flock members use a "soft contact call" to coordinate movement 

through vegetation (Bradbury, 2003). This call typically has a very low amplitude and 

parrots repeat it often, either alone or with responses from flock members (Bradbury, 

2003). According to Bradbury (2003), the following species possess a soft contact call: 

Orange-fronted Conures, Orange-chinned Parakeets (Power, 1966a), Yellow-naped 

Amazons, Galahs (Rowley, 1980), and Monk Parakeets (Marteila & Bucher, 1990). The 

soft contact call of Orange-fronted Conures is a "zip"; Yellow-naped Amazons produce a 

"mumble" (Bradbury, 2003). In Monk Parakeets, all members present in a colony will 

utter the "chatter" call repeatedly for several minutes; this call may maintain contact and 

coordinate movement between pair members or among flockmates (Marteila & Bucher, 

1990). The "chatter" call comprises many short syllables, -90 msec, uttered in series. 
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Power (1966a) reports that Orange-chinned Parakeets (Brotogeris jugular is) utter very 

short "low-intensity chirps" to possibly help maintain distances between individuals 

during feeding or between mates as "short-range contact notes". These chirps, of only 

0.05 second duration, are barely detectable to a human 15 feet away. Power also noted 

that the birds also produce "low-intensity squawks" in association with chirps during 

group activity such as feeding (Power, 1966a; Bradbury, 2003). 

Pre/light Call. Bradbury (2003, p. 302) defines a preflight call as call produced "by 

flock members prior to taking flight," and he also notes that often it is a loud and harsh 

call. According to Bradbury (2003), Orange-fronted Conures (Hardy, 1963), Sulphur-

crested Cockatoos (Noske, 1980, cited in Bradbury, 2003 ), Galahs (Rowley, 1980), 

Budgerigars (Wyndham, 1980) and Rosellas (Platycercm eximus) (Brereton & Pidgeon, 

1966) have a preflight call. Hardy (1963) reports that free-living Orange-fronted 

Conures utter the "Peach" call, a. k. a. "Activity Initiation" call, when they initiate 

feeding or other flock activity; captive birds produce the call in association with climbing 

or flying to food trays. Captive Orange-chinned Parakeets produce "medium-intensity" 

and "high-intensity" squawks in association with group movements, but it is unclear 

whether the association is clearly with movement or only increased encounters with other 

individuals (Power, 1966a). 

Agonistic Protest. In many and possibly most species, parrots produce some type of 

loud "squawk" in association with threat displays or aggression (Hardy, 1963; Power 

1966a; Wyndham, 1980; Pidgeon, 1981; Saunders, 1983; Martella & Bucher, 1990; 

Copsey, 1995; Bradbury, 2003). Captive St. Lucia Parrots {Amazona versicolor) produce 
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squawks as threat displays, including displays produced during interpair territorial 

interactions (Copsey, 1995). Captive Galahs produce a short or medium duration Scr 

(versus the long duration Scr: see "Distress Call" described below), a noisy screeching 

sound, as a both a intra- and inter-specific threat display (Pidgeon, 1981). Captive 

Orange-chinned Parakeets (Brotogeris jugularis) utter "medium-intensity" or "high-

intensity" squawks during aggressive interactions between conspecitlcs, e.g., when 

members of a pair drive intruders away from their nest, or in response to the prolonged 

presence of an allospecific threat, e.g., a human or dog near the flock (Power, 1966a). 

Distress Call. In some species, according to Bradbury (2003), parrots produce a 

distress call when threatened or injured (Pidgeon, 1981; Wyndham, 1980; Saunders, 

1983; Martella & Bucher, 1990; Rowley, 1980). Captive Galahs produce a Scr, or noisy 

screeching sound, in long repetitive bursts (up to 2 seconds) when handled or injured; 

this call attracts nearby parrots (Pidgeon, 1981). Pidgeon (1981) reports that this call is 

noisy with the strongest frequencies between 2 and 5 kilohertz. When captured by a 

predator. Eastern Rosellas give a squawk (Brereton & Pidgeon, 1966). 

Six of nine Poicephalus species produce a distress call when held in the hand. These 

species include the Red-fronted Parrot {P. gulielmi), the Cape Parrot {P. robmtm), the 

Orange-bellied Parrot (P. ruftventris), the Senegal Parrot (P. senegalus), Meyer's Parrot 

(P. meyeri), and the Brown-headed Parrot (P. cryptothanthus) (Venuto, Ferraiuolo, 

Bottoni, & Massa, 2001). The authors assert that these distress calls, which sound like a 

"threatening growl," are long distance and highly locatable signals because of their low 

frequency modulation, high number of harmonics, and wide frequency range. In some 
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frequencies may provide distance cues to receivers (Venuto et al., 2001). 

Alarm Calls. When a parrot sees an approaching predator, it may produce an alarm 

call that tends to elicit predator avoidance behavior by receivers (Brereton & Pidgeon, 

1966; Pidgeon, 1970, cited in Bradbury, 2003; Power, 1966a; Noske, 1980, cited in 

Bradbury, 2003; Saunders, 1983; Martella & Bucher, 1990; Bradbury, 2003). Brereton 

& Pidgeon (1966) suggest that the Eastern Rosella's "pinging" call indicates an 

impending predatory threat and directional flight. Orange-fronted Conures produce two 

intensities of "Warning Cries" in association with "predators or predator-like stimuli" 

(Hardy, 1963). 

Captive Galahs produce a C call, a long call produced in a long repeated sequence, 

in response to the nearby presence of a raptor; wild Galahs produce the C call during 

mobbing of a raptor (Pidgeon, 1981). Galahs also produce a Cv call, which has an 

acoustic structure similar to the C call but it is short and is not repeated. Captive Galahs 

produced the Cv call when a human approaches their cage, but, unlike the C call, it does 

not elicit flight. Wild Galahs commonly produce the Cv call at the roost. 

During daily activities, captive Orange-chinned Parakeets (Brotogeris jugularis) 

produce a "high-intensity, chirp-like" call in response to a threatening stimulus such as a 

heterospecific bird that flies near the flock (Power, 1966a). Parakeets initially adopt an 

alert response, i.e., an erect posture, to playbacks of this call but may resume activity 

after repeated playbacks when no threat is apparent. The human ear can detect this call 

up to approximately 300 feet. 
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Pair Duets. According to Bradbuiy (2003), members of mated pairs in all 

monogamous parrots vocalize simultaneously or antiphonally, but he defines pair duets 

as only those coordinated calling patterns that are "stereotyped or syntactically 

predictable and rarely given by a single individual" (p. 310). Bradbury includes several 

species of parakeets, Amazona, lorikeets, and lovebirds in the group of parrots that 

produce pair duets (he cites Power, 1966a,b; Mebes, 1978; Serpell, 1981; Arrowood, 

1988; Snyder et al. 1987; Wright & Dorin, 2001). Most authors report that duets 

function in agonistic behavior. Based on reported data, Bradbury excludes White-billed 

Black Cockatoos (Saunders, 1983), Budgerigars (Wyndham, 1980), Monk Parakeets 

(Martella & Bucher, 1990), and Orange-fronted Conures (except maybe possible joint 

warbling near nests—^Bradbury, 2003). 

Present Study 

What is currently known about the vocal repertoires of parrots comes primarily from 

research on New World and Australian species, most of which, with the primary 

exception of Budgerigars, have been studied extensively in the laboratory. What is now 

needed is more research on Grey Parrots and other African species; to determine whether 

African parrots' patterns of vocal behavior are comparable to those of New World and 

Australian parrots and whether differences exist across African species. Because of 

Pepperberg's (1999) extensive laboratory research on their cognitive and communicative 

abilities and the imminent threat of the pet trade to their wild populations (Dandliker, 

1992a, b; Mulliken, 1995; Juste, 1996; WCS, 1996; Fotso, 1998a, b; McGowan, 2001), 
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Grey Parrots are an ideal and urgently needed subject of field research. 

The present study is the first logical step in answering the question: How does a free-

living Grey Parrot use its cognitive architecture and vocal apparatus to flourish in the rain 

forest of West and Central Africa? I observed Grey Parrots in the northwestern region of 

the Congo Basin in Central Africa and recorded their vocalizations to develop an 

inventory of their vocal behavior. This catalogue includes general descriptions of 

behavior at locations where I recorded Grey Parrots, detailed descriptions of the acoustic 

characteristics of and variation among vocalizations, and in observed cases, more 

specific contexts in which parrots produced the vocalizations. Finally, I explore the 

functional possibilities of vocalizations based on their acoustic characteristics and how 

Grey Parrot vocalizations compare to the most common aspects of vocal behavior in 

other parrot species. 
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CHAPTER 2. METHODS 

Stody Species 

The Congo Grey Parrot, or Psittacus erithacus erithacus subspecies, mainly inhabits 

the primary and secondary forests and mangroves of equatorial Africa (Forshaw, 1989; 

Juniper & Parr, 1998). Grey Parrots are sexually monomorphic (i.e., body size and color 

in the human visual spectrum) and are the largest of African parrot species (Forshaw, 

1989; Juniper & Parr, 1998). They measure an average of 33 cm in length and weigh 

300 - 600 grams, with the erithacus subspecies at the greater end of this range (Forshaw, 

1989; Juniper & Parr, 1998; Wright, 2001). Life expectancy in the wild is unknown; in 

captivity, it is 40 to 60 years (Wright, 2001). 

Grey Parrots become sexually mature at 3 to 7 years of age: 3 to 4 years according to 

Juniper & Parr (1998), 6 to 7 years in captivity according to Wright (2001). Most reports 

suggest that Grey Parrots nest during the dry season, often following rains (Forshaw, 

1989; Juniper & Parr, 1998). Grey Parrots nest in the holes of trees at 10 to 30 m high 

(e.g.. Terminalia superba [Combretaceae]—Datidliker ,1992) and lay 2 to 4 eggs 

(Forshaw, 1989; Juniper & Parr, 1998). If not nesting. Grey Parrots roost communally at 

night in groups of 15 to over 4000 (Dtodliker, 1992; Fotso, 1998); according to historical 

reports, they roost in groups as large as 10,000 birds (Juniper & Parr, 1998). 
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Study Areas 

I studied Grey Parrots in the northwestern region of the Congo Basin; two 

contiguous portions of a tri-national conservation area that includes southwestern Central 

African Republic, northeastern Congo, and southeastern Cameroon. In Central African 

Republic (CAR), I began my research in Dzanga-Ndoki Park (DNP) and the surrounding 

Dzanga-Sangha Dense Forest Faunal Reserve (DSR), established in 1990. This reserve 

and park system is a 4,350 km^ area (3.050°N, 16.333°E) located in semi-deciduous 

lowland tropical forest. It has 1500 mm of precipitation each year and a dry season that 

lasts at least three months (Carroll, 1992; Remis, 1995). In Cameroon, I continued my 

research in Lobeke Reserve, established in 1997 and upgraded to Lobeke National Park 

(LNP) in 2001. LNP comprises a2,125 km^ area (2°05' and 2°30' N, 15°33' and 16°!F 

E—Ngenyi, 2002) in semi-deciduous evergreen and swamp forest (Letouzey, 1985: cited 

by Smith, Rasmussen, Whitney, & Fogiel, 1996 and by WCS, 1996). It has two rainy 

seasons that produce 1600-1700 mm of precipitation each year and two dry seasons 

(Smith et al, 1996; WCS, 1996) that appear to vary somewhat in their exact onset and 

duration (Leonard Usongo, personal communication). Both Dzanga and Lobeke are 

characterized by marshy clearings (Carroll, 1992; WCS, 1996); the Bayaka tribe of 

southwestern CAR and the Baka tribe of southeastern Cameroon refer to these clearings 

as 'bais'. 

In DNP, my primary observation site was a large marshy clearing known as Dzanga 

Bai (250 m by 500 m—Tangley, 1997). It attracts a diversity of animals including forest 

elephant (Loxodonta african cyclotis), forest buffalo (Syncerus coffer nanus), bongo 
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{Tragelaphus euryceros), and several duiker and primate species. At least some species 

visit the clearing for its salt-rich soil fTurkalo, 1995; Tangley, 1997). Many birds also 

frequent the clearing. A few avian species come to the ground to feed regularly 

including the Hamerkop {Scopus umhretta). Palm-nut Vulture {Gypohierax angolensis), 

Hadada Ibis (Bostrychia hagedash). Cattle Egret (Bulbucm ibis), Hartlaub's Duck 

(Pteronetta hartlaubii), and the Grey Parrot. I selected Dzanga Bai primarily for its high 

level and long duration of Grey Parrot activity and secondarily for its relative ease of 

observation (Charles Munn, personal communication). 

Lobeke National Park includes four major clearings; Petite, Djalombe, Djangue, and 

Bolou Bai. Djangue and Bolou have the highest densities of Grey Parrots (Ngenyi, 

2002). 1 observed Grey Parrots primarily at Bolou Bai (2.164 °N, 15.720 °E) and 

secondarily at Djangue Bai (2.315 °N, 15.775 °E), which is 18 km northeast ofBolou Bai 

and is the largest of all the clearings—4ha in size (Ngenyi, 2002). 1 selected Bolou Bai 

and Djangue Bai for their high level and long duration of Grey Parrot activity. Both Bais 

are marshy, however Djangue also includes large areas of deep water. I also monitored 

Petite Bai (2°17'47" N, 15°42'96" E) briefly but observed no Grey Parrots feed or 

congregate there; the Baka and other WWF personnel claim that Grey Parrots do not feed 

in this small, relatively dry clearing. 

Like Dzanga, Lobeke hosts a diversity and high densities of animals (Smith et al., 

1996; WCS, 1996). However, trapping and hunting before the area was established as a 

national park has caused a decline in the abundance of larger animals in the bais (Ngenyi, 

2002), particularly during the day at Bolou and Djangue Bais where most trapping of 
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Grey Parrots and African Green Pigeons {Treron calva) occurs (WCS, 1996). How this 

human activity affects Grey Parrot behavior is unknown because no one studied Grey 

Parrots in this region prior to my research; my research occurred during the recent years 

of increased trapping activity (since 199]—Smith et al, 1996), which included removal 

of at least 15,000 Grey Parrots from the Lobeke region each year (Ngenyi, 2002). Smith 

et al. (1996) suggest a decline in numbers of Grey Parrots in many areas of Cameroon. 

Observations in Dzanga 

From mid-June to mid-August 1995, during the wet season, 1 initiated my research 

in Dzanga-Ndoki Park and Dzanga-Sangha Reserve. With the assistance of hired forest 

guides from the indigenous Bayaka tribe, 1 located Dzanga Bai and tree cavities within 

the forest. I expected to observe social and feeding behavior in and around Dzanga Bai 

and to observe reproductive or other pair-specific behavior near select tree cavities. I 

divided observation periods between Dzanga Bai and these potential nest sites, but most 

of my observations occurred at the clearing. Because Grey Parrots rarely feed in Dzanga 

Bai during the afternoon and evening (four days of personal observation; personal 

communication, Andrea Turkalo), I concentrated my observations of Grey Parrots at the 

clearing from 7 to noon. At tree cavities, I concentrated my effort to observe pairs from 

either 07:30 to 13:00 or 14:00 to 17:00. However, because morning observation at 

Dzanga Bai was a priority, approximately two-thirds of my tree cavity (potential nest) 

observations occurred during the afternoon. Only two of these sites appeared to be active 

nests; 1 monitored predominantly one nest because the second we located only a few days 
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before we left the field. The term "active nest" refers to a tree cavity where observation 

of parrots entering or exiting the tree cavity occurred regularly, regardless of any clear 

evidence of reproduction. I documented observations through primarily audio and video 

recordings of parrots (see Audio and Video Recordings section) and also through 

handwritten field notes and supplemental verbal data recorded onto a compact cassette 

tape recorder. 

Observations in Lobeke 

1997. From late-June to mid-August 1997, primarily during one wet season, I 

observed Grey Parrots (Psittacus erithacm erithacus) in Lobeke Reserve. With the 

assistance of hired forest guides from the indigenous Baka tribe, I located Bolou Bai, tree 

cavities within the forest, a fruit-bearing tree within the forest where Grey Parrots fed, 

and a "pre-roosting" or staging area. Because my focus in 1997 was to observe pair 

behavior (May, 1998), most of my observations occurred at two potential nests (Nest 1: 

coordinates unknown, <1 km from Nest 2; Nest 2: 2°08'57" N, 15°44'05" E) near the 

Bolou river. At Bolou Bai, I concentrated my observations from 6;30 to noon. I 

monitored five tree cavities either in the morning, as early as 6:30 to as late as 13:00, or 

in the afternoon, as early as 14:00 to as late as 19:00, after dark. 1 also observed Grey 

Parrots at a fruit-bearing tree near our camp where they fed on the seeds of the fruit. 

Finally, I observed Grey Parrots for one to two hours, beginning as early as 17:00 to as 

late as 18:30, at what appeared to be a "pre-roosting" area near a logging road (2°09'54" 

N, 15°43'23" E). As in Dzanga, I documented observations through audio and video 
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onto a compact cassette tape recorder. 

1999. From March to mid-May 1999, primarily during one diy season, I observed 

Grey Parrots at Bolou Bai, Djangue Bai and the same pre-roosting area observed in 1997. 

I also located previously active nest sites observed in 1997. Nest I's tree had fallen. 1 

monitored Nest 2's tree on March 3 and March 15 from 15:30 to 18:00/18:30 and on May 

6 from 16:15 to 19:00; I observed no behavior associated with the tree cavity. I also 

monitored Petite Bai on April 26 from 06:45 to 09:00 and on April 27 from 05:45 to 

07:45; I observed no congregations of Grey Parrots. As I did previously, 1 documented 

observations through audio and video recordings of parrots, handwritten field notes, and 

supplemental verbal data recorded onto a compact cassette tape recorder. 

Audio and Video Recordings 

Dzanga. I made audio and video recordings primarily at Dzanga Bai and at one 

active nest. I used a Sennheiser MKH 70 P48 microphone plugged into either a Marantz 

PMD 221 audio cassette tape recorder or a Sony TR-400 Hi-8 mm video 

camera/recorder. Recording media included Maxell XLII audio cassette tapes and Sony 

P6-60/120HMP and Fuji P6-60/120 Hi8 video tapes. I used two basic data collection 

methods. At Dzanga Bai, 1 used ad libitum sampling and continuous audio and video 

recordings (Martin & Bateson, 1993) to sample the greatest quantity and variety of 

vocalizations, especially during the period prior to feeding when Grey Parrots are most 

vocal. I also used focal sampling (Martin & Bateson, 1993) in which I videotaped at 
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Parrots descended to the ground to feed. At the nests, I recorded audio and video of 

parrots continuously during periods when I suspected the presence of at least one parrot. 

During the first few days of observation, 1 discovered that when I shifted my attention 

away from the tree cavity, I occasionally did not see a parrot that quietly entered or 

exited the tree cavity; therefore, for the remainder of observations, I recorded continuous 

video of active nests, i.e., tree cavities, during the entire observation period. 

Loheke 1997. I made audio and video recordings at Bolou Bai, near two active 

nests, at one fruit-bearing tree ("foraging tree"), and at one "pre-roosting" area. I used 

either (1) a Sennheiser MKH 70 P48 microphone or a (2) Sennheiser ME66 microphone 

plugged into either (a) a Sony TCM-5000 mono audio cassette tape recorder or (b) a 

Sony TR-400 Hi-8 mm video camera/recorder. Recording media included Maxell XLII 

audio cassette tapes and Fuji P6-120, Fuji E6-120, Fuji M221MP P6-120 (Professional 

Grade), and Sony P6-120HMP Hi8 video tapes. For some observations, I made 

recordings using both the audio cassette recorder and the video camera/recorder 

simultaneously. At Bolou Bai, I recorded audio whenever at least one parrot called; I 

recorded video primarily during our trapping attempts in order to band and release 

parrots (see section in Audio and Video Recordings) and on rare occasions when I 

observed Grey Parrots "juice" branches of a tree that grows in the clearing (Kigelia 

pinnata, Bignoniaceae family). Near nests, near the "foraging tree" and in "pre-roosting" 

areas, I recorded audio of parrots at all times when I suspected the presence of at least 

one parrot. At active nests, I also recorded continuous video of the tree cavity entrance 
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during the entire observation period. Finally, 1 recorded audio of 18 wild-caught Grey 

Parrots ina2.5x2.5x2m holding cage on the day of and day after capture in a large net 

at Bolou Bai, prior to banding and release. 

Lobeke 1999. 1 made audio and video recordings at Bolou Bai, Djangue Bai, and 

one "pre-roosting" area. I used either (1) a Sennheiser MKH 70 P48 microphone or (2) a 

Sennheiser ME67 microphone plugged into either (a) a Sony TCM-5000 mono audio 

cassette tape recorder, (b) a Sony TC-D5 stereo audio cassette tape recorder, (c) a Sony 

TR-400 Hi-8 mm video camera'recorder, or occasionally, (d) a Sony DCR-TRV820 Hi-8 

mm video camera/recorder. Recording media included Maxell XLII audio cassette tapes 

and Fuji E6-120, Fuji P6-120, and Fuji M221E E6-120 (Professional Grade) Hi8 video 

tapes. For most recordings, I plugged both microphones into the Sony TC-D5 stereo 

audio cassette recorder; for some recordings, 1 plugged one microphone into an audio 

cassette recorder and the other into the Sony TR-400 video camera recorder. At Bolou 

Bai and Djangue Bai, I recorded audio whenever at least one parrot called; I recorded 

video either when at least one parrot could be observed well or when visible and 

heightened group activity occurred. At the "pre-roosting" area, I recorded audio at all 

times when I perceived the presence of at least one parrot 

Acoustic Analysis 

Sampling and Sorting. I used spectrographic analysis to both elucidate and describe 

the vocal repertoire. Most animal researchers prefer spectrographic analysis over other 

methods to investigate the acoustic signals of animals, and spectrograms are useful for 
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examining the "spectral-temporal patterns, harmonic structure, and general similarity 

among sounds" (Beeman, 1998, p. 69), I used a Kay Elemetrics DSP Sona-Graph 

(Model 5500) with a 22,480 Hz sampling rate at an 8 kHz frequency range to digitize 

audio and video recordings using Fourier transform analysis (analysis resolution of 234 

Hz bandwidth, frame length of 1 sec and grid resolution of 50 ms, FFT size 128 points) 

and then to target, sample, and catalogue spectrograms to represent the acoustic 

repertoire. The Kay enabled me to scan over 30 hours of audio and video recordings for 

quality frequency-time spectrograms (also known as sonagrams) in real time and then to 

select, digitize, and print over 1500 spectrograms of targeted vocalizations. I sampled 

vocalizations from audio and video recordings made of free-living Grey Parrots at bais, 

near nests, near a "foraging tree", and near a "pre-roosting" area and of wild-caught Grey 

Parrots in a cage. 

My primary goal was to create a catalogue that would represent the core or species-

typical vocal repertoire of Grey Parrots in the Congo Basin. When cataloguing and 

categorizing a large collection of animal vocalizations in which call type boundaries or 

specific contextual call usage are not always apparent, a common "approach is to focus 

on 'normal' call exemplars that cluster together (subjectively or statistically), disregarding 

irregular variants that seem to combine elements of two different calls or contexts, or are 

otherwise difficult to quantify or analyze" (p. 407, Fitch, Neubauer, & Herzel, 2002). 

My field observations indicate that the Grey Parrot vocal repertoire is rather large and 

complex and that many call types may not be contextually specific. Therefore, I began 

sampling from recordings made at the bais, or clearings for three reasons. First, Grey 
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Parrots exhibit a variety of behaviors at the bais, where they are also highly vocal. 

Second, of all my recordings, those of various sized congregations of Grey Parrots at the 

bais would provide the most information about and samples of the most frequently 

produced calls. Third, these recordings would most likely provide not only a larger 

variety of productions of call types (i.e., among individuals) but also larger clusters of 

species- or population-typical vocalizations. Among all the audio recordings made not 

only at the bais but also at all locations during this research, the 1999 audio recordings at 

Bolou Bai comprise the largest proportion of my recordings. Thus, I sampled, printed, 

and sorted spectrograms produced from these recordings first. 

I sampled medium to high quality spectrograms (i.e., medium to high signal-to-noise 

ratio with little or no overlap among multiple sound sources, except high-frequency 

insect hum) from over 12 hours of recordings made between 1 April and 11 May, 1999 at 

Bolou Bai, Because Grey Parrots at the bai often produce simultaneous or overlapping 

vocalizations, I sampled and printed spectrograms from the subset of recorded 

vocalizations that had little or no overlap (with the vocalizations of other Grey Parrots 

and other species, except high frequency insect hum). Using the subjective but accepted 

and effective method of sorting spectrograms visually (Nowicki & Nelson, 1990), 1 

attempted to sort spectrograms as gestalts as I both listened to the calls and digitized and 

printed spectrograms; as the number of spectrograms increased, I re-sorted them both 

visually and aurally according to subjective prototypes. 

Using categories created from sorting of Bolou Bai 1999 spectrograms, I sampled 

from another 18 hours of other recordings. I sampled medium to high quality 
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spectrograms from recordings made between 29 April and 3 May, 1999 at Djangue Bai 

or nearby in forest adjacent to it I intensively sampled and printed spectrograms from 

over one hour of recording of G rey Parrots perched in palms in a very wet area in 

Djangue Bai on 30 April, 1999 because the behavior, location, and recording time most 

closely matched that of most of the 1999 Bolou Bai recordings. I also intensively 

sampled from 1.5 recording hours on 14 and 15 July, 1997 of 18 wild-caught parrots in a 

cage. 1 sampled spectrograms from recordings made at Dzanga Bai between 3 July and 

14 August, 1995. For recordings made at active nests, I sampled both discrete calls and 

long coordinated, overlapping call sequences but initially only attempted to fit the 

discrete calls into existing categories. I sampled and printed some coordinated call 

sequences from Dzanga Nest 1 and Bolou Nest 1 because these occurred rarely and only 

at these two nests; I minimized sampling of calls that had a low signal-to-noise ratio. 

Finally, I sampled less intensively from the few recordings made at the "foraging tree" 

and the "pre-roosting" area. The pre-roosting area, where recording often occurred near 

or after dusk, provided very few samples in part because Grey Parrot vocalized less 

frequently and because the signal-to-noise ratio was often low as a consequence of 

competing insect noise (anywhere from 3 to 7 kHz). 

Development of the Catalogue 

I developed the catalogue in roughly three phases. First, I organized calls into three 

basic ty pes, loosely based on some of the eight "biologically relevant sound types" 

described by Beeman (1998, pp. 74-77): tonal, harmonic, and noisy. Second, I visually 
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classes; 1 then added another class to include calls that appeared to be harmonic-noisy 

hybrids. Finally, I reorganized some spectrograms visually, and in some cases, by both 

looking at the spectrograms and listening to the calls. 

Tonal call type. A tonal call consists of a single dominant frequency component at 

each instant of time, where frequency and amplitude may change with time (Beeman, 

1998). Harmonics, or integer multiples of the dominant frequency may occur, but the 

dominant frequency will have a significantly higher amplitude than any harmonic. Tonal 

calls have a whistle sound quality. Examples include songs of many Passerine birds and 

the 'whistles' of some Cetaceans (e.g., dolphins—McCowan & Reiss, 1995). 

I organized tonal calls according to their contour shape and frequency ranges. When 

a large number of calls shared one characteristic more than the other, I tended to separate 

more strictly according to the less-shared characteristic. For example, when hundreds of 

calls had a similar contour shape but differed by a few different absolute frequencies, I 

subdivided categories by frequency. Calls that showed a large degree of variation I 

lumped into categories; some calls with small sample sizes I excluded. 

Harmonic call type. A harmonic call consists of two or more dominant frequency 

components. Often, these are harmonically related components, that is, integer multiples 

of the fundamental or source frequency, which is also dominant. However, classification 

of calls as harmonic could also include calls composed of non-harmonically related 

components, or formants: resonant frequencies that may differ from harmonic 

frequencies (Denes & Pinson, 1993). Non-harmonically-related dominant frequencies 
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may occur when, through vocal tract filtering, higher harmonics result from suppression 

of energy at the fundamental frequency and lower harmonics (Beeman, 1998; Gaunt & 

Nowicki, 1998; Fitch & Kelley, 2000). Although not common in birds, formant 

production and perception does occur, e.g., the calls of Whooping Cranes {Grm 

americana—Fitch & Kelley, 2000). The capability of Grey Parrots to perceive human 

speech and produce speech-like vocalizations with true formants (Patterson & 

Pepperberg, 1994) suggests that formants may occur in their natural vocalizations. 

Harmonic calls can range from a rich whistle quality, e.g., similar to the timbre of a flute, 

to a more nasal quality to a slightly harsh quality. Examples include notes played on a 

musical wind or string instrument, the dee notes of the chick-a-dee call (Hailman & 

Ficken, 1996), non-human primate calls, and human vowel sounds (Beeman, 1998). 

Because harmonic calls have more frequency components than tonal calls, they required 

a different organizational approach. 

I organized harmonic calls primarily according to the presence, relative distribution, 

and relative amplitude of frequency components and secondarily according to contour 

shape and absolute frequencies. Some call types, in which the presence of frequency 

bands changed over time, I organized primarily according the pattern of these changes. 

If a portion of a sample spectrogram also had a noisy quality, then I also categorized it 

based on its noisy quality (see "Noisy-harmonic call type" section below). 

Noisy call type. A noisy call comprises multiple frequency components, of which 

most or all do not differ significantly in their amplitude. Noisy calls have a harsh 

quality. Examples include dolphin clicks, chickadee 'crackles', parrot squawks, some 
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non-human primate vocalizations, and some starling and crow calls fHailman & Ficken, 

1996; Beeman, 1998). Some human consonants might also be classified as noisy. 

I organized noisy calls primarily according to the size of the range (bandwidth) and 

secondarily according to absolute frequencies that had the greatest energy. If a portion of 

a sample spectrogram also had a harmonic quality, then I also categorized it based on its 

harmonic quality (see "Noisy-harmonic call type" section below). 

Noisy-harmonic call type. A noisy-harmonic call comprises both noisy and 

harmonic features as described above. I created this basic type upon the discovery that 

some calls did not fit well into either the harmonic or noisy type classifications. I 

organized noisy-harmonic calls primarily according to the methods described above for 

harmonic calls and secondarily according to the methods described above for noisy calls. 

Call Category Definitions 

To broadly define, quantify, and compare call categories, I measured or identified 

select acoustic characteristics of a small subset of spectrograms from each call category. 

For tonal call types, I focused on seven characteristics of the fundamental frequency: 

range, median frequency, number of direction changes, duration, contour shape, onset, 

and loudness. For harmonic call types, I focused on eight characteristics of timbre and 

frequency; number of dominant frequency components (i.e., harmonics), number of 

frequency component changes, range, median frequency, duration, onset, loudness, and 

subjective sound quality. For noisy call types, I focused on six characteristics of 

frequency: range, duration, onset, loudness, and subjective sound quality. For noisy-
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harmonic call types, I focused on eight characteristics of timbre and frequency: number 

of dominant frequency components (i.e., harmonics), overall range, range of noisy 

components, number of frequency component changes, duration, onset, loudness, and 

subjective sound quality. 

I determined the first four acoustic characteristics of tonal calls in the following 

sequence (Figure 2-1). First, I selected 4 - 13 printed sample spectrograms (depending 

on total sample size and apparent variability across samples) for each call type, or when 

possible, for each variant within a call type. Second, 1 overlaid a horizontal grid 

transparency, with 0.25 kHz increments, onto a printed spectrogram. To measure the 

range of the fundamental in kHz (1), I first positioned the grid so that the zero grid line 

covered the vertical center of the fundamental frequency band at its lowest point; second, 

I estimated the center of the fundamental frequency band (contour) at its highest point 

(range) to the nearest 0.1 kHz. To determine the median frequency (2), I divided the 

range by 2 and added it to the value of the fundamental frequency band at its lowest point 

to the nearest 0.1 kHz. The number of direction changes (3) is the number of times that 

the contour changes direction through time. Fourth, to measure the duration (4), I 

overlaid a vertical grid transparency, with 0.1 second increments, onto a printed 

spectrogram. I positioned the grid so that the zero grid line met the onset of the left-most 

point of the fundamental frequency; I then measured the duration according to the grid 

line nearest the approximate offset of the fundamental frequency (the right-most point 

before it drops significantly in amplitude). 

The other three characteristics include contour shape, onset, and the subjective 
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amplitude. The contour shape is the overall shape of the contour (see Table 3-2 for 

detailed description). I recorded the onset of the call as either "abrupt", one which 

appears dark on the spectrogram, or "diffuse", an onset which appears light. Finally, I 

recorded the amplitude as "low", "moderate", or "high" based on how loud the call 

sounded relative to other calls. 

I determined the first five acoustic characteristics of harmonic calls as follows 

(Figure 2-2); First, I selected sample spectrograms and used the same grids in a manner 

similar to that for tonal calls. Second, I counted the number of dominant frequency 

components (1), or high-amplitude (significantly dark) harmonics. If the contour of each 

dominant band was generally continuous throughout the duration of the call, that is, if it 

had no pauses or abrupt frequency shifts, I recorded only one number for the entire call. 

For calls in which the contour of one or more frequency bands discontinued or shifted 

abruptly, I recorded multiple figures; the number of frequency bands for each section of 

the call. If, for example, the number of components shifted three times, I recorded four 

figures (each for a section of the call): the number of bands (a) before the first shift, (b) 

before the second shift, (c) before the third shift, and (d) after the third shift. The second 

characteristic I recorded was the number of frequency component changes (2). For calls 

with entirely continuous contours, I recorded "0"; for calls with shifts in component 

composition, I recorded the actual number of shifts. Third (Figure 2-2), I measured the 

range (3) in a manner similar to that for tonal calls, but from the lowest frequency band 

(component) at its lowest point to the highest frequency band (uppermost harmonic) at its 

highest point. I measured the median frequency (4) in the same manner as that for tonal 
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calls. 

The other three characteristics include onset, the subjective amplitude and subjective 

sound quality. The onset and subjective amplitude are equivalent to that of tonal calls. 

Finally, 1 recorded the subjective sound quality as "raspy", "tonal", "squeaky", "reedy", 

"buzzy", or "complex". 

I used the same techniques to measure or identify noisy and noisy-harmonic call 

types. For noisy calls, I determined the range/bandwidth, duration, onset, relative 

amplitude, and subjective sound quality. For noisy-harmonic call types, I determined the 

number of dominant frequency components (i.e., harmonics), the range/bandwidth of one 

noisy component, call range/bandwidth, number of frequency component changes, 

duration, onset, relative amplitude, and subjective sound quality. 
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Chapter 2 Appendix: Figures 

Figure 2-1. Four spectrographic measurements of tonal call types. Displays four 

measurements made on each tonal call type; (1) Range of the fundamental = 

measurement, in kHz, from lowest to highest point in the fundamental frequency; (2) 

median frequency = vertical midpoint of the range; (3) Number of direction changes = 

number of times that the contour changes direction; (4) Duration = time from onset to 

approximate offset of call. 
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Figure 2-2. Five spectrographic measurements of harmonic call types. Displays five 

measurements made for each harmonic call type; (1) Number of dominant frequency 

components (a) first section = 2 components, (b) second section = 1 component, (c) third 

section = 2 components, and (d) fourth section = 1 component; (2) Number of frequency 

component changes = 3; (3) Range = measurement, in kHz, from lowest frequency to 

highest frequency; (4) Median frequency == vertical midpoint of range; (5) Duration = 

time from onset to approximate offset of call. 
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CHAPTER 3. RESULTS 

General Descriptions of Behavior by Location 

This section comprises general descriptions of behavior observed at recording 

locations. References to the recording locations of calls outlined in subsequent sections 

of the vocal catalogue correspond to general observations of behavior outlined in this 

section. Recording locations include forest clearings (Dzanga Bai, Bolou Bai, and 

Djangue Bai), tree cavities within the forest (Dzanga Nest 1, Bolou Nest 1, Bolou Nest 

2), one foraging area within the forest ("Foraging Tree"), and a Pre-roosting Area. 

Dzanga Bai. Greys begin to arrive at Dzanga Bai in the early morning. Individuals, 

pairs, and small flocks fly into the clearing, often calling as they do so, and then 

congregate and perch in trees along the edge of the Bai. Greys prefer the tops of tall 

barren trees where they engage in both individual and interactive behavior, especially 

autopreening and calling. As more Greys arrive and join the existing group(s), the 

congregation grows larger. At this point, the rate and loudness of calling both increase 

and the vocalizations develop into a chorus or a cacophony of highly variable, 

overlapping and simultaneously produced calls. After some time, the congregation, 

which can number up to a few hundred parrots, may begin to show signs that it will feed 

on the ground. Some parrots may fly either to lower branches or to other trees adjacent 

to areas where they will subsequently feed. Eventually, a few parrots will descend to the 

ground and begin to feed on the aquatic plants. Shortly thereafter others also begin to 

descend and feed. The group feeding remains silent while the group still perched in the 



trees continues to call. As the group on the ground grows in size, a cycle begins. In a 

somewhat relay-like fashion, some parrots on the ground return to the trees as others 

continue to descend to the ground. The ongoing exchange maintains a number of parrots 

both on the ground and in nearby trees throughout the feeding session. Parrots perched 

in trees continue to call, as if to maintain the cacophony, whereas parrots on the ground 

remain silent. Occasionally, the cycle breaks and most or all of the parrots on the ground 

explode into flight. This event is accompanied by a sudden flash of brilliant red, which 

happens when they take flight to reveal their red tails. Occasionally, too, this event is 

accompanied by a burst of calls, some of which (to the ear) resemble the vocalizations of 

other species, particularly alarm calls. Most often, the parrots immediately circle low 

over the feeding area, with some individuals returning to the trees and others returning to 

the ground, and then the cycle resumes. Occasionally, all the parrots may fly upward and 

either circle high over the Bai or settle and remain in the trees. This behavior occurred at 

least once when a raptor appeared, soaring high overhead; in contrast, however, the 

behavior did not occur in association with the presence or activity of Palm Nut Vultures, 

which are consistently present at the Bai. Greys remain at Dzanga Bai for most of the 

morning, and only occasionally they feed on the ground past noon. In the afternoon, they 

are much less active at the Bai, if at all, and may return to the forest for other activities or 

rest. 

Bolou Bai. At Bolou Bai, I observed similar behavior, however it differed in the 

following ways. First, much larger flocks, of up to 800 or more Grey Parrots, congregate 

and descend to the ground not only to eat aquatic plants and drink water, as they do in 
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Dzanga, but also to eat soil (geophagy). (But note too that geophagy may also occur in 

Dzanga.) Second, the behavior that precedes feeding on the ground differed slightly 

from that in Dzanga. Greys assemble both in trees along the edge of the clearing and in 

trees located in drier raised areas, or "islands," within the clearing. (These "islands" are 

not present in Dzanga Bai. ) Perhaps because Bolou is a much larger clearing. Greys 

assembled and descended to feed in a greater variety of locations. Third is the presence 

of flocks of thousands of Green Fruit Pigeons, which also descend to the ground to feed; 

however, these birds do not form mixed-species flocks with Greys. Fourth is the density 

of raptors, which appears to be higher. I also observed one predatory attempt on a Grey 

Parrot by a raptor in which the flying raptor briefly grasped the parrot but was unable to 

carry it off because the parrot was tethered to the ground for trapping purposes. The 

parrot produced a loud NC call, or scream, during the incident (see NC call section for 

description of acoustic structure). Finally, for the first time, 1 observed small groups of 

parrots (up to -15) as they "chewed" and perhaps "juiced" the bark of the branches of 

one tree species that grows in the clearing. 

Djangue Bai. The observed behavior at Djangue was most similar to the observed 

behavior at Bolou Bai with three exceptions. First, I never observed Grey Parrots that 

congregated in tall barren trees, only leafy trees and palms. Tall barren trees appeared 

absent near preferred feeding areas. This difference may not result from a difference in 

behavior but rather time constraints of the study and physical constraints posed by the 

large size of the bai and deep water areas within it. I was unable to reach all areas of the 

bai to examine all its physical features; I probably missed other areas where Greys may 



have congregated and foraged. Too, Grey Parrot trappers interfered with my 

observations, either directly or indirectly through their trapping activities. The second 

exception is that I did not observe any bark "juicing" or chewing behavior. Finally, I did 

not observe any predatoiy attempts by raptors on Grey Parrots. 

Dzanga Nest 1. Most of the days on which 1 monitored this tree, either in the 

morning or the afternoon, at least one or two adult Grey Parrots visited and remained in 

or near this tree cavity. Frequently, I observed at least one parrot that climbed into the 

cavity or remained perched silently in the cavity opening for a few hours at a time. 

Occasionally, one parrot called from the forest and arrived at the tree cavity while the 

parrot already perched in the cavity departed into the forest, often accompanied by a NS 

call (see NS call section). This exchange effectively maintained the presence of a parrot 

in or near the tree hole. Occasionally, especially when two parrots were present, parrots 

produced a seemingly random variety of vocalizations, either as solos or in intermittent 

alternation (see description of structure in Non-Patterned Sequences section); some of 

these calls were soft or barely audible. Occasionally the pair produced loud coordinated 

sequences of calls, or duets, lasting a few to several seconds (see description of structure 

in Duets section). Often this behavior occurred nearby the tree cavity when the parrots 

were out of view, possibly high in the top of an adjacent tree. 

Bolou Nest 1. On only one afternoon of observation on 4 July 1997, two adult Grey 

Parrots arrived at and remained in or near the tree cavity, "Bolou Nest 1," for few hours. 

Each parrot climbed into the cavity, perched in the cavity opening, and switched places 

with its partner. Occasionally, parrots produced a seemingly random variety of 



vocalizations, some of which were soft or barely audible calls (see Non-Patterned 

Sequences section). At one point, one parrot perched in the cavity opening and the other 

perched on the tree trunk immediately above the cavity and briefly fed the parrot perched 

in the opening. The parrots also autopreened and rested while appearing vigilant 

Occasionally during the course of their visit, while perched near the top of the tree, this 

pair produced thirteen or more loud coordinated sequences lasting approximately six to 

ten seconds (see description of structure in Duets section). Between two of these 

sequences, other Grey Parrots at a distance produce squawks and other calls; the pair 

appeared to visually track these parrots (as they circled the area) by slowly and 

synchronously turning their heads from left to right. After 4 July, this pair may not have 

returned to this site for at least four weeks; I monitored Bolou Nest 1 for 2-5 hours/day, 

either in early morning (beginning at 06:30 or later) or late afternoon (as late as 19:00), 

on 4-7 July 1997, 20 July 1997, and 2 August 1997 but observed no more Grey Parrot 

activity at or near the cavity. 

Bolou Nest 2. On most of the days that I monitored this tree, either in the morning 

or the afternoon, I observed at least two adult Grey Parrots visit this tree cavity for brief 

periods. In contrast to Dzanga Nest 1 and Bolou Nest 1, this pair visited the tree cavity 

for only a few to approximately 30 minutes. Although they occasionally climbed inside 

the cavity and appeared to chew its interior, they did not perch in the entrance for long 

periods of time. Like pairs observed at Dzanga Nest 1 and Bolou Nest 1, their arrival 

was often preceded by loud calls, such as a TH call, and, while near the tree cavity, they 

produced random variable vocalizations. However, in contrast to Dzanga Nest 1 and 



Bolou Nest 1, this pair did not produce any loud coordinated call sequences. 

Foraging tree. During mid-morning hours, I recorded pairs and small groups of 

Grey Parrots as they fed on the seeds of a fruiting tree (species not yet identified). Many 

of the calls were produced in association with the arrival and departure of individuals or 

pairs. These foraging groups produced calls less frequently than congregations at 

clearings. Except for dropping fruit and intermittent calls, the parrots remained rather 

cryptic. Too, some vocalizations had such low amplitude that they were difficult to 

identify. Because parrots were obstructed by foliage or silhouetted in filtered light, the 

behavioral context of vocalizations was difficult to observe. 

Pre-roosting area. In the late afternoon and after dusk, I recorded several Grey 

Parrots that gathered in a possible "staging" or "pre-roosting" area near a logging road, 

probably where they gathered just prior to roosting for the night (Dandliker, 1992; 

Bradbury, 2003). At this time. Grey Parrot utter calls intermittently. As darkness falls, 

the bandwidth of insect hum also broadens, 3 kHz to higher than 7.5 kHz, and it 

increases in amplitude to a loud din. As a consequence, calls that have frequencies above 

3 kHz and have low to moderate amplitudes could be masked by this noise; however, it is 

not clear whether the noise completely masked any calls. Many calls that Grey Parrots 

produce at this time are low frequency tonal calls (e.g., the TL call. Figure 3-1). A good 

example of a Grey Parrot call uttered during this nighttime din is shown in Figure 3-7. 

The parrots usually remained in this ares until after dark and then departed to the south. 

We were unable to locate any roosting area, mainly because we did not search 

extensively in the surrounding area. This pre-roosting area lies near the Congo border 
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and the parrots flew in that direction when they departed after dusk; we avoided the area 

near the border for our safety. 

What the Catalogue Represents 

This catalogue, created primarily from the organization of 1326 printed 

spectrograms, comprises four major call classes and 39 acoustic call types (Table 3-1). 

The tonal call class (indicated by a label whose first letter is "T") comprises 18 acoustic 

types, the harmonic class (indicated by a label whose first letter is "H" ) comprises 11 

acoustic types, the noisy-harmonic calls (indicated by a label whose first letter is "Y", 

from 'hybrid' ) comprises 5 acoustic types, and the noisy call class (indicated by a label 

whose first letter is "N") comprises 5 acoustic types. Each call type within a class is 

denoted by a second letter that either derives from the acoustic characteristic of the call 

(e.g., "TL" referring to "tonaJ low") or is arbitrary, based on which types remained after 

sorting and classifying (i.e., some types initially thought to belong to a single type were 

later determined to be multiple distinct types). Finally, some call types are further 

divided into variants (Table 3-2), labeled arbitrarily with numbers; variants are apparent 

subtypes. 

I order and present this catalogue according to acoustic characteristics. As noted 

above, the four major acoustic classes occur as (1) tonal, (2) harmonic, (3) noisy-

harmonic, and (4) noisy. Within each class, acoustic categories occur as follows. The 

fundamental frequency was important to the categorization of tonal calls (Table 3-2) and 

therefore categories primarily follow the sequence of low to very high median frequency. 
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Secondarily, categories follow the order of low to very high frequency range. For 

harmonic calls, both the number of dominant frequency bands and the number of shifts in 

dominant frequency bands were important to categorization. The categorization sequence 

occurs primarily from the lowest band numbers with no shifts, to the highest band 

numbers, with four shifts. Secondarily, categories follow the order of lowest to highest 

frequency range. The noisy-harmonic call categories occur in the same sequence as 

harmonic calls. Finally, noisy call categories occur in series primarily from lowest to 

highest frequency range (bandwidth) and secondarily from lowest to highest amplitude. 

The following sections comprise descriptions of each call type as follows. First, I 

describe the acoustic characteristics (including spectrograms) and the estimated structural 

variation among samples within a call type. For each acoustic call type, the acoustic 

characteristics represent an operational definition. The level of structural variation 

reflects the potential level of variation in the population (e.g., individual vs. group 

variation). Second, I provide the total number and percentage of samples 1 identified and 

printed for each call type. These quantitative figures help facilitate not only replication 

of this study but also assessment of how the quantity of and variation among samples 

have influenced categorical boundaries (i.e., where to lump and where to split 

boundaries). Finally, I describe any known production characteristics including, the year 

and the location of the recording from which I identified the call type (based on both 

printed and other identified samples), the manner of production (e.g., repeated 

production), and known or suspected contexts associated with production of a call. If the 



context of the call type is unknown, then I suggest possible associated contexts based on 

typical behavior at a given location. 

Tonal Calls 

Tonal calls include all calls with only one dominant frequency component at each 

instant of time. The following section consists of descriptions of the eighteen types of 

tonal calls. Descriptions also include the various acoustics features (Table 3-2), the 

number of samples of each call type (Table 3-3), locations where calls were recorded 

(Table 3-4), and, when known, specific contexts in which Grey Parrots produced calls. 

TL call. The TL call, or the "tonal low" call, has the following typical features when 

produced in a discrete manner (not as part of a duet) (see Figure 3-1 and Table 3-2). The 

contour has no direction changes over time. The contour shape is a horizontal line (HL) 

because the frequency either remains constant or it increases or decreases <0.3 kHz in 

one direction. Measurement of samples (n = 7) shows variation of 0.1 kHz in median 

frequency, 0.2 kHz in frequency range, and 0.1 second in duration. 

Fifteen printed samples in this category comprise approximately 19.4% (15/772) of 

printed and categorized tonal calls (see Table 3-3) and approximately 1.1% (15/1326) of 

printed and categorized calls in this catalogue. 

Printed and identified samples of the TL call came from recordings made at: Dzanga 

Bai in 1995, Bolou Bai in 1999, Djangue Bai in 1999, Dzanga Nest 1 in 1995, Bolou 

Nest 1 in 1997, Bolou Nest 2 in 1997, and Bolou Pre-roosting area in 1997 and 1999 (see 

Table 3-4). TL calls also occurred as duet components at Dzanga Nest 1 and Bolou Nest 



1; when pairs produce TL calls in duets, TL calls are relatively louder and longer than 

when produced in a discrete maimer. A large proportion of samples came from Dzanga 

Nest 1 and Bolou Nest 2. 

77 call. The TY call has the following typical features (see Figure 3-2 and Table 3-

2). The contour has no direction changes over time. Because the frequency either 

remains constant or increases or decreases <0.4 kHz in one direction, the contour shape 

is a horizontal line (HL ). Greys produce at least two variants, two of which are common 

(see Table 3-3). Variant 1 has little or no frequency modulation, <0.1 kHz. Variant 2 

descends slightly in frequency by 0.2 - 0.3 kHz; the contour shape is a dovwiward line 

(DL). Other samples show a loose resemblance to either of these variants (e.g., 

"Atypical Sample," Figure 3-2). Variant 1 shows similarity to approximately 14 printed 

samples in the TD supercategory (not shown), however these differ in two ways. 

Whereas different TD contours and amplitudes tend to vary over time, those of the TY 

call variant 1 vary little or remain constant. The contour of variant 2 shows similarity to 

some TL call samples; however, no TL samples have a contour that begins above 1 kHz 

and descends, and none have median frequencies above 0.8 kHz. Measurement of 

samples of TY variant 1 (n = 6) shows within-variant variation of 0.4 kHz in median 

frequency, 0.1 kHz in frequency range, and 0.7 second in duration. Measurement of 

samples of TY variant 2 (n = 4) shows within-variant variation of 0.3 kHz in median 

frequency, 0.1 kHz in frequency range, and 0.9 second in duration. The TY call shows 

within-call-type variation of 0.6 kHz in median frequency, 0.3 kHz in frequency range, 

and 0.9 second in duration. 



Twenty-three printed samples of this call comprise approximately 3.4% (26/772) of 

printed and categorized tonal calls (see Table 3-3) and approximately 2% (26/1326) of 

printed and categorized calls in this catalogue. 

I identified samples of the TY call from recordings at all locations except Bolou Bai 

in 1997 and 1999, Bolou Foraging Tree, and wild-caught individuals in a cage ("Bolou 

Captive") (see Table 3-4). The TY call occurred as a duet component at Dzanga Nest 1. 

Many samples came from recordings at Bolou Nest 2. 

TR call. The TR call, or "tonal rrut" call, has the following typical features (see 

Figure 3-3 and Table 3-2). The contour is segmented, that is, it consists of two 

temporally discrete elements; this feature makes this call type highly distinct among all 

types. The contour has no direction changes over time and comes in three variants, two 

of which are common (see Table 3-3). Variant 1 increases in frequency by 0.1 - 0.5 kHz 

and therefore the contour shape is upward (UP). Variant 2 decreases in frequency by 0.1 

- 0.6 kHz and therefore the contour shape is downward (D). Variant 3 changes frequency 

by 0 - <0.1 kHz and therefore the contour shape is horizontal (H). All measured samples 

are <0.1 in total call duration but show fine scale variation in duration. Measurement of 

samples of TR variant 1 (n = 6) shows within-variant variation of 0.1 kHz in median 

frequency, 0.4 kHz in frequency range, and <0.1 second in duration. Measurement of 

samples of TR variant 2 (n = 8) shows within-variant variation of 0.2 kHz in median 

frequency, 0.5 kHz in frequency range, and <0.1 second in duration. Measurement of 

samples of TR variant 3 (n = 5) shows within-variant variation of 0.5 kHz in median 

frequency, <0.1 kHz in frequency range, and <0.1 second in duration. The TR call 
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shows within-call-type variation of 0.5 kHz in median frequency, 0.6 kHz in frequency 

range, and <0.1 second in duration. 

Seventy-six printed samples of this call comprise approximately 9.6% (76/791) of 

printed and categorized tonal calls (see Table 3-3) and approximately 5.8% (76/1326) of 

printed and categorized calls in this catalogue. 

I identified samples of the TR call from recordings at all locations except Dzanga 

Nest 1, Bolou Nest 2, and wild-caught individuals in a cage ("Bolou Captive") (see Table 

3-4). Most samples came from recordings at Bolou Bai in 1999, where Greys 

occasionally produced calls repeatedly in sets of two- call-call-pause-call-call-pause-

call-call-—when moving through vegetation from one side of an "island" to another. 

TB call. The TB call, or the "tonal buzzy" call, has the following typical features 

(see Figure 3-4 and Table 3-2). The contour has one to two direction changes over time 

and its shape resembles the letter "S" (S). The TB call comes in two variants that differ 

slightly in duration and contour. The first half (variant 1) or two-thirds (variant 2) of the 

contour is a horizontal line, sustained at -0.6 - 0.8 kHz; the second half (variant 1) or last 

third (variant 2) increases and then becomes horizontal again, at-1.2 - 1.3 kHz. Variant 

2 is rare (see Table 3-3 ). Measurement of samples of TB variant 1 (n = 8) shows within-

variant variation of 0.1 kHz in median frequency, 0.2 kHz in frequency range, and 0.1 

second in duration. Measurement of samples of TB variant 2 (n = 4) shows within-

variant variation of 0.1 kHz in median frequency, 0.1 kHz in frequency range, and 0 -

<0.1 second in duration. The TB call shows within-call-type variation of 0.1 kHz in 

median frequency, 0.2 kHz in frequency range, and 0.2 second in duration. 



I printed only 22 samples of this call because many of the samples I identified had a 

veiy low signal-to-noise ratio as a consequence of the call's relatively low amplitude. 

Twenty-two printed samples of this call comprise approximately 2.8% (22/791) of 

printed and categorized tonal calls (see Table 3-3) and approximately 1.7% (22/1326) of 

printed and categorized calls in this catalogue. 

I identified samples of the TB call from recordings at Dzanga Bai, Bolou Bai in 

1999, Djangue Bai, Dzanga Nest 1, Bolou Nest 1, and Bolou Pre-roosting area in 1997 

(see Table 3-4). I also identified samples of variant 3 in duets at Bolou Nest 1. Because 

of its low signal-to-noise ratio, 1 could have overlooked potential samples from 

recordings at other locations. Many samples came from recordings at Bolou and 

Djangue Bais in 1999. 

TA call. The TA call, or the "tonal A" call, has the following typical features when 

produced in a discrete manner (not as part of a duet) (see Figure 3-5 and Table 3-2). The 

contour has three direction changes over time and its shape resembles a flattened letter 

"M" (M). The first half of the contour, which begins at a very low frequency, 0.4 or 0.5 

kHz, resembles a shallow hill; then it rises again to form a second but smaller shallow 

hill that ends near 1 kHz. Measurements of the TB call (n = 4) show within-call-type 

variation of 0.1 kHz in median frequency, 0.2 kHz in frequency range, and 0.1 second in 

duration. 

Five printed samples in this category comprise approximately 0.6% (5/772) of 

printed and categorized tonal calls (see Table 3-3) and approximately 0.4% (5/1326) of 

printed and categorized calls in this catalogue. 



Printed and identified samples of the TA call came from all recordings except Bolou 

Bai in 1997, Bolou Foraging Tree, Bolou Pre-roosting area, and wild-caught individuals 

in a cage (see Table 3-4). Samples from Dzanga Bai are only tentatively identifiable as 

the TA call. The TA call may also have occurred as a duet component near Bolou Nest 

I. 

TD call. The TD call, or the "tonal D" call type, probably comprises multiple 

acoustic categories; if so, these show more graded variation than other tonal call 

categories (see Figures 3-6 and 3-7). For the purpose of this catalogue, I designated two 

variants with the following features (see Table 3-2). Variant 1 has three different 

contours: VlCl, VIC2, and V1C3. VlCl has two direction changes over time: It 

increases, sustains, and then decreases, designated "Convex A" (CXA). V1C2 also has 

two direction changes over time; It is similar to the TB call except that the "S" shape (S), 

which occurs in the first portion of the call, is flatter (slower frequency modulation) and 

comprises a smaller proportion of the contour. V1C3 has one direction change over 

time: It increases and then sustains, designated "Upward Asymptote" (UA). V1C3 may 

also have very fine scale frequency modulation, in which some portion of the contour 

l o o k s  s l i g h t l y  w a v y .  V a r i a n t  2  h a s  t w o  c o n t o u r s :  V 2 C 1  a n d  V 2 C 2 .  V 2 C 1  h a s  2 - 3  

direction changes over time. Most often, it sustains (horizontal), increases rapidly to 

form a steep diagonal line, and finally sustains (S). Occasionally, the final portion may 

either increase or decrease slightly. Although vaguely similar to the TB call, V2C1 

differs in either (a) the last portion of the call (most often horizontal), which is 

significantly longer, or (b) in both the first and last portions of the call, which are 



significantly longer. Furthermore, V2C1 generally has a longer overall duration. V2C2 

has 2-4 direction changes over time. It usually begins with rapid fine-scale frequency 

modulation, increases rapidly but slightly (vs. V2C1), and ends like V2C1; the contour 

shape is "squiggle horizontal line" (SHL). Measurement of samples of TD variant 1 (n = 

8) shows within-variant variation of 0.4 kHz in median frequency, 0.1 kHz in frequency 

range, and 0.7 second in duration. Variant 1 also varies by one direction change and by 

two contour shapes. Measurement of samples of TD variant 2 (n = 5) shows within-

variant variation of 0.3 kHz in median frequency, 0.3 kHz in frequency range, and 0.2 

second in duration. Variant 2 also varies by two direction changes and one contour 

shape. The TD call shows within-call-type variation of 0.6 kHz in median frequency, 0.7 

kHz in frequency range, and 0.9 second in duration. The TD call also varies by three 

direction changes and by three contour shapes. 

One hundred forty-four printed samples for this supercategory comprise 

approximately 18.2% (144/772) of printed and categorized tonal calls (see Table 3-3) and 

approximately 10.9% (144/1326) of printed and categorized calls in this catalogue. 

Printed and identified samples of TD calls came from recordings made at all 

locations (see Table 3-4). Greys possibly produced some TD calls as duet components at 

Dzanga Nest 1 and Bolou Nest 1. 

TMcall. The TM call, or the "tonal medium" call, has the following typical features 

(see Figure 3-8 and Table 3-2). The first portion of the contour, which forms a shape like 

the letter "V" roughly between 1 and 2 kHz on the spectrogram, is the call's defining 

feature (V+). The TM call comes in at least two variants which different in the latter 
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portion of the call. Variant 1 has 3 - 4 direction changes over time. In the second portion 

of variant 1, the frequency decreases; in the third portion, the frequency either (a) 

increases or (b) sustains and then increases. Variant 2 has 2-4 direction changes over 

time. In the last two-thirds of the variant 2, the frequency either (a) decreases or (b) 

decreases slightly and then sustains. Variant 2, which appears to be an incomplete 

version of variant 1, is rare (see Table 3-3). Measurement of samples of TM variant 1 (n 

= 6) shows within-variant variation of 0.4 kHz in median frequency, 0.6 kHz in 

frequency range, and 0.2 second in duration. Variant 1 also varies by one direction 

change. Measurement of samples of TM variant 2 (n = 5) shows within-variant variation 

of 0.4 kHz in median frequency, 0.3 kHz in frequency range, and 0.1 second in duration. 

Variant 2 also varies by one direction change. The TM call shows within-call-type 

variation of 0.5 kHz in median frequency, 0.6 kHz in frequency range, and 0.9 second in 

duration. The TM call also varies by two direction changes. 

Sixteen printed samples of this call comprise approximately 2.1% (16/772) of 

printed and categorized tonal calls (see Table 3-3) and approximately 1.2% (16/1326) of 

printed and categorized calls in this catalogue. 

I identified samples of the TM call from recordings at Bolou Bai in 1999, Djangue 

Bai, and Bolou Pre-roosting area in 1999, including some recorded in the evening during 

wide spectrum insect hum (see Table 3-4). Samples from Dzanga Nest 1 are only 

tentatively identifiable as the TM call. Greys possibly produced the TM call as a duet 

component at Bolou Nest 1. 



TE call. The TE call, or "tonal E" call, has the following typical features when 

produced in a discrete manner (not as part of a duet) (see Figure 3-9 and Table 3-2). The 

TE call comes in two variants. Variant 1 has no direction changes over time; The 

contour begins at 1.8 - 2.7 kHz and decreases to 0.7 -1 kHz, designated "Downward 

Curve" (DC). Variant 2 has 1 - 2 direction changes over time. The contour begins at 1.7 

- 2.9 kHz, decreases to 1.2 - 1.4 kHz, and finally either (a) increases or (b) increases 

slightly and descends; "U-shaped" (U) refers to both variations in the contour of variant 

2. Measurement of samples of TE variant 1 (n = 6) shows within-variant variation of 0.4 

kHz in median frequency, 0.8 kHz in frequency range, and 0.3 second in duration. 

Measurement of samples of TE variant 2 (n = 5) shows within-variant variation of 0.6 

kHz in median frequency, 0.9 kHz in frequency range, and 0.1 second in duration. 

Variant 2 also varies by one direction change. The TE call shows within-call-type 

variation of 0.7 kHz in median frequency, 1.4 kHz in frequency range, and 0.3 second in 

duration. The TE call also varies by two direction changes and by one contour shape. 

Seventeen printed samples of this call comprise approximately 2.2% (17/772) of 

printed and categorized tonal calls (see Table 3-3) and approximately 1.3% (17/1326) of 

printed and categorized calls in this catalogue. 

I identified samples of the TE call from recordings at all locations except Bolou Bai 

in 1997, Bolou Foraging Tree, Bolou Pre-roosting area in 1997, and wild-caught 

individuals in a cage (see Table 3-4). Samples from Dzanga Bai and Bolou Nest 1 

(produced discretely) are only tentatively identifiable as the TE call. The pair from 

Bolou Nest I also included the TE call as a duet component. 



TX call. The TX call, or "tonal x" call, has the following typical features when 

produced in a discrete manner (not part of a duet) (see Figure 3-10 and Table 3-2). The 

large-scale shape of the contour rises and then falls, designated "Convex B" (CXB). The 

TX call comes in at least two variants. The contour of variant 1 has 2 -5 direction 

changes over time. The first third of the contour sustains slightly, increases, decreases, 

and increases to 1.8 - 2.2 kHz. The last two-thirds either (a) decreases to 0.9 -1.2 kHz or 

(b) decreases to 0.9 -1.2 kHz and then increases slightly. The contour of variant 2 has 3 

-5 direction changes over time: The large scale shape is the same as variant 1 (CXB) but 

the fine-scale shape differs in the rate of frequency modulation. Measurement of samples 

of TX variant 1 (n = 6) shows within-variant variation of 0.2 kHz in median frequency, 

0.8 kHz in frequency range, and 0 - <0.1 second in duration. Variant 1 also varies by 

three direction changes. Measurement of samples of TX variant 2 (n = 8) shows within-

variant variation of 0.7 kHz in median frequency, 0.7 kHz in frequency range, and 0.4 

second in duration. Variant 2 also varies by two direction changes. The TX call shows 

within-call-type variation of 0.8 kHz in median frequency, 0.9 kHz in frequency range, 

and 0.4 second in duration. The TX call also varies by three direction changes. 

Sixteen printed samples of this call make up approximately 2.1% (16/772) of printed 

and categorized tonal calls (see Table 3-3) and approximately 1.2% (16/1326) of printed 

and categorized calls in this catalogue. 

I identified samples of the TX call from recordings at all locations except Bolou Bai 

in 1997, Bolou Foraging Tree, and wild-caught individuals in a cage (see Table 3-4). 

Samples from Bolou Pre-roosting area are only tentatively identifiable as the TX call. 
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The TX call occurred as a duet component at Dzanga Nest 1 and probably near Bolou 

Nest 1. 

TS Call. The TS call, or "tonal s" call, has the following typical features when 

produced in a discrete manner (not part of a duet) (see Figure 3-11 and Table 3-2). The 

contour has two to three direction changes over time and its overall shape, designated 

"Concave" (CV), falls and then rises. Greys possibly produce more than one variant. 

Measurements of the TS call (n= 3) show within-call-type variation of 0.4 kHz in median 

frequency, 0.7 kHz in frequency range, and 0 - <0.1 second in duration. The TS call also 

varies by one direction change. 

Eight printed samples of this call make up approximately 1% (8/772) of printed and 

categorized tonal calls (see Table 3-3), approximately 0.6% (8/1326) of printed and 

categorized calls in this catalogue. 

I identified samples of the TS call from recordings at all locations except Bolou Bai 

in 1997, Bolou Nest 1, Bolou Pre-roosting area, and Foraging Tree (see Table 3-4). 

Samples from Dzanga Bai, Dzanga Nest 1 (as a duet component), Bolou Nest 2, and 

wild-caught individuals in a cage are only tentatively identifiable as the TS call. 

TG Call. The TG call, or the "tonal g" call, has the following typical features when 

produced in a discrete manner (not as part of a duet) (see Figure 3-12 and Table 3-2). 

The contour has no direction changes over time. The frequency rises and then forms an 

asymptote near 3 kHz, designated "Upward Asymptote" (UA). Measurements of the TG 

call (n= 3) show within-call-type variation of 0.1 kHz in median frequency, 0.1 kHz in 

frequency range, and 0.1 second in duration. 



Five printed samples in this category comprise approximately 0.6% (5/772) of 

printed and categorized tonal calls (see Table 3-3) and approximately 0.4% (5/1326) of 

printed and categorized calls in this catalogue. 

I identified samples of the TG call from recordings at all locations except Dzanga 

Bai, Bolou Bai in 1997, Djangue Bai, Bolou Pre-roosting area, and wild-caught 

individuals in a cage (see Table 3-4). Samples from Dzanga Nest 1 (as discrete calls), 

Bolou Nest 1 (both as discrete calls and as a duet component), Bolou Nest 2, and Bolou 

Foraging Tree are only tentatively identifiable as the TG call. 

TP Call. The TP call, or the "tonal p" call, has the following typical features (see 

Figure 3-13 and Table 3-2). The contour has no direction changes over time: The 

frequency rises slowly and then more quickly, a contour designated "Asymptote 

Upward" (AU). The TP call may come in more than one variant, however other samples 

only vaguely resemble the spectral features of measured samples that define the category 

(see Figure 3-13). Measurements of the TP call (n= 7) show within-call-type variation of 

0.4 kHz in median frequency, 1.3 kHz in frequency range, and 0.1 second in duration. 

Nineteen printed samples of this call comprise approximately 2.5% (19/772) of 

printed and categorized tonal calls (see Table 3-3) and approximately 1.4% (19/1326) of 

printed and categorized calls in this catalogue. 

I identified samples of the TP call from recordings at all locations except Bolou Bai 

in 1997, Bolou Nest 2, and Bolou Pre-roosting area (see Table 3-4). Samples from 

Bolou Nest 1 (as discrete calls) are only tentatively identifiable as the TP call. 



TV Call. The TV call, or the "tonal V" call, has the following typical features (see 

Figures 3-14,3-15, 3-16, and 3-17, and Table 3-2). The first portion of the contour 

forms a "V" or "/V" shape above 2 kHz, which is the call's defining feature (V+). The 

remainder of the contour varies. The TV call comes in at least two variants, which differ 

in the initial portion of the "V"; Variant 2 begins higher and descends more steeply 

relative to variant 1. Although similar to the TM call, which also has a "V+" contour, the 

TV call differs in at least three ways. First, the latter part of the contour has a different 

shape; second and third, the median frequency and range of the TV call are higher. 

When produced in a duet, both the contour and amplitude are augmented (see Figure 3-

17). Measurement of samples of TV variant 1 (n = 9) shows within-variant variation of 

0.8 kHz in median frequency, 0.5 kHz in frequency range, and 0.1 second in duration. 

Variant 1 also varies by three direction changes. Measurement of samples of TV variant 

2 (n = 10) shows within-variant variation of 1.1 kHz in median frequency, 1.9 kHz in 

frequency range, and 0.1 second in duration. Variant 2 also varies by three direction 

changes. The TV call shows within-call-type variation of 2.0 kHz in median frequency, 

2.2 kHz in frequency range, and 0.2 second in duration. The TV call also varies by three 

direction changes. 

Fifty-five printed samples of this call comprise approximately 7.1% (55/772) of 

printed and categorized tonal calls (see Table 3-3) and approximately 4.1% (55/1326) of 

printed and categorized calls in this catalogue. 

I identified samples of the TV call from recordings at all locations except Bolou Pre-

roosting area (see Table 3-4). Samples from Bolou Foraging Tree are only tentatively 
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identifiable as the TV call. Pairs near Bolou Nest 1 produced the TV call as a duet 

component. 

TQ Call. The TQ call, or "tonal q" call, has the following typical features (see 

Figure 3-18 and Table 3-2). The contour has no or one direction change over time. The 

contour generally decreases over time but does so in at least four ways; It can decrease 

rapidly and (1) inconsistently, designated "downward inconsistently" (DI), or (2) 

consistently, designated "downward line" (DL). Or, it can decrease rapidly and then (3) 

change direction to a horizontal slope, designated "downward line horizontal" (DH). Or, 

it can (4) initially decrease very slowly and then more rapidly, designated "downward 

asymptote" (DA). Measurements of the TQ call (n= 13) show within-call-type variation 

of 2.0 kHz in median frequency, 2.0 kHz in frequency range, and >0.2 second in 

duration. The TQ call also varies by one direction change and by three contour shapes. 

Fifty printed samples of this call make up approximately 6.5% (50/772) of printed 

and categorized tonal calls (see Table 3-3) and approximately 3.8% (50/1326) of printed 

and categorized calls in this catalogue. 

Printed and identified samples of the TQ call came from recordings made at all 

locations except Bolou Bai in 1997, D jangue Bai, and Bolou Pre-roosting area (see Table 

3-4). Samples from Dzanga Bai and Dzanga Nest 1 are only tentatively identifiable as 

the TQ call. 

TC Call. The TC call, or "tonal c" call, has the following typical features (see Figure 

3-19 and Table 3-2). The contour has no direction change over time; It is a short burst 

that changes 0 - 0.3 kHz, designated "Horizontal " (H). Measurements of the TC call (n-



8) show within-call-type variation of 2.5 kHz in median frequency, 0.2 kHz in frequency 

range, and >0.1 second in duration (which also causes variation by one contour shape). 

Thirty-seven printed samples of this call make up approximately 4.8% (37/772) of 

printed and categorized tonal calls (see Table 3-3) and approximately 2.8% (37/1326) of 

printed and categorized calls in this catalogue. 

I identified samples of the TC call from recordings at all locations except Bolou Bai 

in 1997 and Bolou Pre-roosting Area in 1999 (see Table 3-4). Samples from Dzanga Bai 

are only tentatively identifiable as the TC call. 

TH call. The TH call, or "tonal high" call, has the following typical features (see 

Figure 3-20 and Table 3-2). Note that of all the tonal calls, the TH call has the highest 

frequency range. The TH call comes in at least three variants. The contour of variant 1, 

with no direction change over time, begins at 5 - 7.5 kHz (possibly higher) and descends 

to 1.5 - 2 kHz. The shape of this contour is a "downward curve with a tail" (DCT). The 

contour of variant 2, with no or one direction change over time, begins at 6 - 7.6 kHz 

(possibly higher) and descends to 2.5 - 3.7 kHz, where it may sustain. The shape of this 

contour is a "downward curve" (DC). The contour of variant 3 has 2-3 direction 

changes over time, where the third change may be a subtle change from downward to 

horizontal. The contour of variant 3 begins at 5.5 - 7.5 kHz, decreases, rapidly increases, 

rapidly decreases, and finally descends to 1.5-3.1 kHz, where it may sustain. The shape 

of this contour is an "interrupted downward curve" (DCI). The TH call can have either a 

diffuse or abrupt onset; however, it is possible that, when perceived at a short distance, 

some or all samples that appear to have a diffuse onset may actually have an abrupt 
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onset. In many samples, the amplitude increases with time and becomes very high in the 

latter portion of the call, making it the loudest of tonal calls and one of the loudest of all 

calls. Measurement of samples of TH variant 1 (n = 8) shows within-variant variation of 

1.5 kHz in median frequency, 2.5 kHz in frequency range, and 0.4 second in duration. 

Measurement of samples of TH variant 2 (n = 7) shows within-variant variation of 1.3 

kHz in median frequency, 1.4 kHz in frequency range, and 0.4 second in duration. 

Variant 2 also varies by one direction change. Measurement of samples ofTH variant 3 

(n = 7) shows within-variant variation of 1.2 kHz in median frequency, 1.0 kHz in 

frequency range, and 0.2 second in duration. Variant 3 also varies by one direction 

change. The TH call shows within-call-type variation of 2.7 kHz in median frequency, 

2.7 kHz in frequency range, and 0.6 second in duration. The TH call also varies by three 

direction changes (which also causes variation by two contour shapes). 

One hundred seventy-four printed samples of this call comprise approximately 

22.5% (174/772) of printed and categorized tonal calls (see Table 3-3) and ^proximately 

13.1% (174/1326) of printed and categorized calls in this catalogue. 

I identified samples of the TH call from recordings at all locations except Bolou Pre-

Roosting Area in 1999 (see Table 3-4). TH calls occurred as duet components at Dzanga 

Nest 1 and Bolou Nest 1, commonly in the first portion of the duet sequence. Greys utter 

TH calls in flight or while perched at forest clearings and at feeding areas within the 

forest. Occasionally, wild-caught individuals produced calls in response to Greys flying 

and calling overhead. 
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TV Call. The TU call, or "tonal U-shaped" call, has the following typical features 

(see Figure 3-21 and Table 3-2). The contour has one direction change over time: It 

decreases and then increases, designated "U-shaped" (U). Measurements of the TU call 

(n= 10) show within-call-type variation of 0.7 kHz in median frequency, 1.0 kHz in 

frequency range, and 0.3 second in duration 

Twenty-four printed samples of this call make up approximately 3.1 % (24/772) of 

printed and categorized tonal calls (see Table 3-3) and approximately 1.8% (24/1326) of 

printed and categorized calls in this catalogue. 

I identified samples of the TU call from recordings at all locations except Bolou 

Nest 1, Bolou Nest 2, and Bolou Pre-roosting area (see Table 3-4). Samples from 

Dzanga Bai, Bolou Nest 1 (produced discretely), and wild-caught individuals in a cage 

are only tentatively identifiable as the TU call. 

77' Call. The TT call, or "tonal T" call, has the following typical features (see Figure 

3-22 and Table 3-2). The TT call comes in at least two variants. The contour of variant 

1 has one direction change over time, a subtle change from downward to horizontal, 

designated "downward curve" (DC). It begins at 6 - 7 kHz and descends gradually to 4 -

4.5 kHz. The distribution of spectral features and duration indicate a moderate level of 

variation both within and between variants. Variant 1 shows similarity to variant 2 of the 

TH call; however, it is generally higher in frequency and shorter in duration than variant 

2 of the TH call. The contour of variant 2 has no direction change over time. It begins at 

6 - 7.5 kHz and decreases rapidly to 4.5 - 5 kHz, designated "downward line" (DL). 

Measurement of samples of TT variant 1 (n = 5) shows within-variant variation of 0.7 



kHz in median frequency, 1.5 kHz in frequency range, and 0.7 second in duration. 

Measurement of samples of TT variant 2 (n = 4) shows within-variant variation of 1.0 

kHz in median frequency, 1.8 kHz in frequency range, and 0.2 second in duration. The 

TT call shows within-call-type variation of 1.2 kHz in median frequency, 1.8 kHz in 

frequency range, and 0.2 second in duration. 

Fifty-seven printed samples of this call make up approximately 7.4% (57/772) of 

printed and categorized tonal calls (see Table 3-3) and approximately 4.3% (57/1326) of 

printed and categorized calls in this catalogue. 

I identified samples of the TT call from recordings at all locations except Bolou Bai 

in 1997 (see Table 3-4). Samples from Dzanga Bai, Bolou Nest 1 (produced discretely), 

and wild-caught individuals in a cage are only tentatively identifiable as the TT call. 

Summary of the characteristics of tonal call types. Lower and upper median 

frequency extremes range from 0.7 kHz to 6.7 kHz. Most tonal calls have a median 

frequency between 1 and 3 kHz (see Table 3-2). The distribution of frequency range is 

from zero, in which frequency does not change, to ~6kHz. Smaller frequency ranges 

tend to occur in calls with lower median frequencies whereas higher frequency ranges 

tend to occur in calls with higher median frequencies. Tonal calls last from <0.1 to 1.2 

seconds in duration. Most tonal call types have a duration of 0.3 - 0.5 second. Contour 

shape varies from a short pulse at a single frequency to a long "squiggle" of rapidly and 

highly modulated frequency. Relatively rapid frequency modulation and more direction 

changes tend to occur more often in mid-frequency calls. Relatively low or no frequency 

modulation tends to occur in either low or high frequency calls. Tonal calls may have 



either a diffuse or abrupt onset and range in amplitude from low to very high. About an 

equal proportion of calls are diffuse or abrupt. Amplitude appears to increase with 

median frequency. 

Within-call-type variation of tonal calls. Tonal call types that had both large sample 

sizes with respect to the catalogue and relatively large measured sample sizes include the 

TR (n = 19), TV (n = 17), and TH (n = 22) calls. Among these three call types, the TR 

call showed low variation in median frequency and frequency range, and no variation in 

duration (although measurement at the level of milliseconds may reveal variation at this 

level). In contrast to the TR call, the TV and TH calls showed high variation in median 

frequency and frequency range. With regard to duration, the TV call showed low 

variation and the TH call showed relatively moderate variation. 

Harmonic Calls 

Harmonic calls include all calls with two or more dominant frequency components. 

The following section consists of descriptions of the eleven types of harmonic calls. 

Descriptions also include the various acoustics features (Table 3-5 and Table 3-6), the 

number of samples of each call type (Table 3-7), locations where calls were recorded 

(Table 3-8), and, when known, specific contexts in which Grey Parrots produced calls. 

HR call. The HR call, or the "harmonic raspy" call, has the following typical 

features (see Table 3-5, Table 3-6, and Figure 3-23). It consists of two wide frequency 

bands. Typically they begin at 1.3 - 1.4 kHz and 2.5 - 2.8 kHz and descend to 

approximately 1 and 2 kHz, respectively. The lower frequency band has a higher 



amplitude than the upper band. In some spectrograms, the upper band appears very light. 

The number of dominant frequency bands does not change over time. Among samples, 

the median frequency varies from 1.8 to 2.0 kHz and the frequency range from 1.1 to 1.8 

kHz, depending on how much frequency changes with time. The HR call has aO.l - 0.2 

second duration, either a diffuse or abrupt onset, and a low amplitude. It has a slightly 

harsh timbre, or a slightly "raspy" sound quality, which makes it distinct from all other 

calls. Measurement of samples (n = 7) shows variation of 0.3 kHz in frequency range, 

0.2 kHz in median frequency, and 0.1 second in duration. 

Thirty-one printed samples in this category comprise approximately 10.9% (31/284) 

of printed and categorized harmonic calls (see Table 3-7) and approximately 2.3% 

(31/1326) of printed and categorized calls in this catalogue. 

I identified samples of the HR call from recordings at all locations except Bolou Bai 

1997, Bolou Nest 2, Bolou foraging tree, Bolou Pre-roosting area in 1999, and wild-

caught individuals in a cage ("Bolou Captive") (see Table 3-8). The HR call occurred as 

a duet component at Dzanga Nest 1. Samples from Bolou Nest 1 are only tentatively 

identifiable as the HR call. 

Hi call. The HL call, or the "harmonic low" call, has the following typical features 

(see Table 3-5, Table 3-6, and Figure 3-24). With the exception of calls recorded at very 

short range and under low noise conditions (i.e., in a wood cage), the HL call consists of 

two dominant frequency bands. The lower band has an amplitude equal to or greater 

than the second upper band. When there are more than two dominant frequency bands, 

these are exact or near integer multiples of the lowest dominant frequency and have 



lower amplitudes than the lowest two frequency bands. The contour shape varies. Most 

often, the two dominant frequency bands begin at 1-1.1 kHz (lower band) and 2 - 2.2 

kHz (upper band), increase to 1.2 -1.5 kHz (lower band) and 2.3 - 2.9 (upper band), and 

then decrease to 1.1 -1.4 kHz (lower band) and 2- 2.9 kHz (upper band). The number of 

dominant frequency bands does not change over time. The contour shape among HL call 

samples appears highly variable. Based on the two lowest dominant frequency bands 

only, the median frequency varies from 1.7 to 2 kHz and the frequency range from 1.3 to 

1.8 kHz among samples. The HL call has a 0.2 - 0.5 second duration, a diffuse or abrupt 

onset, and a moderate amplitude. Overall, the HL call has rich tonal timbre, a sound 

quality similar to the middle range of a clarinet. Measurement of samples (n = 8) shows 

variation of 0.5 kHz in frequency range, 0.3 kHz in median frequency, and 0.3 second in 

duration. 

Forty-two printed samples in this category comprise approximately 14.8% (42/284) 

of printed and categorized harmonic calls (see Table 3-7) and approximately 3.2% 

(42/1326) of printed and categorized calls in this catalogue. 

I identified samples of the HL call from recordings at Bolou Bai in 1999, Djangue 

Bai, Bolou Nest 1, Bolou Foraging Tree, and wild-caught individuals in a cage (see 

Table 3-8). Samples from Bolou Nest 1 are only tentatively identifiable as the HL call. 

HN call. The HN call, or the "harmonic N" call, has the following typical features 

(see Tables 3-6 and 3-8; see Figures 3-25,3-26, and 3-27). It consists of two or three 

distinct dominant frequency bands at approximately 2 kHz, 4 kHz (when present), and 6 

kHz (when present). The number of dominant frequency components does not change 



over time. The HN call may come in three or more variants; however, variation in the 

contour shape among most samples, i.e., "other" samples, appears high. In variant 1 (see 

Figure 3-25), the lower (~2 kHz) and upper (~6 kHz) frequency bands have a higher 

amplitude than the middle frequency band (-4 kHz), which appears either very light or 

absent, especially during the first portion of the call. Typically, all frequency bands rise 

in a slightly curvy pattern over time. The median frequency (with 3 bands) of variant 1 

varies from 4 to 4.5 kHz. The frequency range of varies from 4.5 to 5.1 kHz, depending 

on how much frequency changes with time. Variant 1 has a 0.2 to 0.3 second duration, a 

diffuse or abrupt onset, and a moderate amplitude. In variant 2 (see Figure 3-26), the 

first (lowermost) band may a higher amplitude than the second and third (uppermost) 

frequency bands; or, both the first and second frequency bands have a higher amplitude 

than the third frequency band, which may appear either very light or absent. Typically, 

all frequency bands rise over time, and more so than in variant 1. The median frequency 

of variant 2 (with 3 bands) varies from 4.4 to 4.8 kHz, and the frequency range varies 

from 5.0 to 5.9 kHz, depending on how much frequency changes with time. Variant 2 

has a 0.3 to 0.5 second duration, a diffuse or abrupt onset, and a moderate amplitude, in 

variant 3 (see Figure 3-27), the first (lowermost) and second frequency bands have a 

higher amplitude than the third (uppermost) frequency band, which may appear either 

very light or absent. Typically, all frequency bands decrease over time. The median 

frequency of variant 3 varies from 4.6 to 6.2 kHz, and the frequency range varies from 

5.5 to 8.0 kHz, depending on how much frequency changes with time. Variant 3 has a 

0.1 to 0.3 second duration, either a diffuse or abrupt onset, and a moderate amplitude. 



Overall, the HN call has a squeaky timbre, or a "squeaky clarinet" sound quality, that 

makes it distinct from other calls. Measurement of samples of HN variant 1 (n = 9) 

shows within-variant variation of 0.6 kHz in frequency range, 0.5 kHz in median 

frequency, 0.1 second in duration, and one change in the number of frequency bands. 

Measurement of samples of HN variant 2 (n = 6) shows within-variant variation of 0.8 

kHz in frequency range, 0.4 kHz in median frequency, and 0.2 second in duration. 

Measurement of samples of HN variant 3 (n = 9) shows within-variant variation of 2.5 

kHz in frequency range, 1.6 kHz in median frequency, and 0.2 second in duration. The 

HN call shows within-call-type variation of 3.5 kHz in frequency range, 2.2 kHz in 

median frequency, 0.4 second in duration, and one change in the number of frequency 

shifts. 

Ninety-four printed samples in this category comprise approximately 33.1% 

(94/284) of printed and categorized harmonic calls (see Table 3-7) and approximately 

7.1% (94/1326) of printed and categorized calls in this catalogue. 

I identified samples of the HN call from recordings at all locations except Bolou Pre-

roosting area in 1999 (see Table 3-8). The HN call occurred as a duet component at 

Dzanga Nest land Bolou Nest 1 (only as duet component). 

HA call. The HA call, or the "harmonic A" call, has the following typical features 

(see Table 3-5, Table 3-6, and Figure 3-28). It consists of three to four dominant 

frequency bands. The HA call may come in two or more variants; however, variation 

among some samples appears high and graded, making variants less distinct. In variant 

1, the dominant frequency bands shift once over time, either from three to three (shift in 



band position only) bands or four to three bands. The first segment of variant 1 is two to 

three times the duration of the second segment. In the first segment, three to four 

dominant frequency bands rapidly decrease, rapidly increase, and then slowly decrease. 

In the second segment, which begins abruptly (as if overlapping the first segment), three 

dominant frequency bands rapidly increase and then rapidly decrease to 0.6 - 0.9 kHz 

(lowermost band), 1.2 -1.8 kHz (middle band) and 1.8 - 2.7 kHz (third uppermost band). 

The second and third frequency bands have a higher amplitude than the lowermost (first) 

and uppermost (fourth, when present) bands. For three bands, the median frequency 

varies from 2.5 to 3.2 kHz and the frequency range varies from 3.6 to 4.5 kHz. The 

duration varies from 0.1 to 0.2 second. Variant 2 has three or four dominant frequency 

bands that do not shift or change in number over time. On a large scale, all bands 

descend in frequency, centered at -1.5 kHz (lowermost band), ~3 kHz (second band), 

and -4.5 kHz (third band). The relative amplitude among bands varies in no consistent 

pattern. For three bands, the median frequency varies from 4.1 to 4.6 kHz and the 

frequency range varies from 5.1 to 6.5 kHz. The duration varies from 0.2 to 0.3 second. 

In addition to variants 1 and 2, other samples show a resemblance in that they have three 

or four dominant frequency bands; however, frequency modulation shows high and 

irregular variation. All samples of the HA call have an abrupt onset, a moderate 

amplitude, and a "reedy" timbre. Measurement of samples of HA variant 1 (n = 6) shows 

within-variant variation of 0.9 kHz in frequency range, 0.7 kHz in median frequency, and 

0.1 second in duration. Measurement of samples of HA variant 2 (n = 6) shows within-

variant variation of 1.4 kHz in frequency range, 0.5 kHz in median frequency, and 0.1 



second in duration. The HA call shows within-call-type variation of 2.9 kHz in 

frequency range, 2.1 kHz in median frequency, and 0.2 second in duration. 

Thirty-eight printed samples in this category comprise approximately 13.4% 

(38/284) of printed and categorized harmonic calls (see Table 3-7) and approximately 

2.9% (38/1326) of printed and categorized calls in this catalogue. 

I identified samples of the HA call from all recordings in all locations except Bolou 

Nest 1, Bolou Nest 2, Bolou Pre-roosting Area in 1999, and wild-caught individuals in 

cage (see Table 3-8). Samples from Dzanga Bai, Dzanga Nest 1, and Bolou Pre-roosting 

Area are only tentatively identifiable as the HA call. 

HD Call The HD call, or the "harmonic dense" call, has the following typical 

features (see Table 3-5, Table 3-6, and Figure 3-29). The HD call consists of four to six 

dominant frequency bands, most often five; the number of dominant frequency bands 

does not change over time. The frequency bands are approximate integer multiples of an 

absent fundamental frequency: the first band = x 3, the second = x 4, the third = x 5, the 

fourth = X 6, and the fifth = x 8. In the spectrogram, the frequency bands appear very 

close together. At the onset of the call, the lowest frequency band is at or near 1.5 kHz, 

with an absent fundamental of 0.5 kHz. The median frequency varies from 2.8 to 3.2 kHz 

and the frequency range varies from 2.7 to 3.4 kHz. The HD call has a >0.1 to 0.3 

second duration, either an abrupt or a diffuse onset, and a low amplitude. Overall, the 

HD call has rich or dense timbre. Although the densely "packed" frequency bands make 

the HD call distinct from other calls, the contour shape varies continuously . It may 

remain flat, rise slightly or sharply, or rise slightly and then fall. Measurement of 
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samples (n = 5) shows variation of 0.7 kHz in frequency range, 0,4 kHz in median 

frequency, and 0.2 second in duration. 

Nine printed samples in this category comprise approximately 3.2% (9/284) of 

printed and categorized harmonic calls (see Table 3-7) and approximately 0.7% (9/1326) 

of printed and categorized calls in this catalogue. 

I identified samples of the HD call from recordings at all locations except Bolou 

Nests 1 and 2, Bolou Pre-roosting Area in 1997 and 1999, and wild-caught individuals in 

a cage (see Table 3-8). 

HM call. The HM call, or the "harmonic M" call, has the following typical features 

(see Table 3-5, Table 3-6, and Figure 3-30). It consists of three parts. The first part 

comprises one dominant low-amplitude frequency band that typically begins at 4 kHz, 

rises to 5.8 kHz, and descends to 3 or 3.5 kHz. The second part comprises two dominant 

moderate-amplitude frequency bands at -2.6 and -5.2 kHz. The third part comprises two 

dominant moderate-amplitude frequency bands that typically begin at 2 and 4 kHz and 

descend to-1.2 and -2.4 kHz, respectively. The median frequency varies from 3.4 to 3.6 

kHz, and the frequency range varies from 4.5 to 4.8 kHz, depending on how much 

frequency changes with time. The HM call has a 0.2 second duration, a diffuse onset, 

and a moderate amplitude. The call has a complex timbre, or a sound quality that varies 

over time. Greys appear to produce one dominant type but the sample size is small (n = 

4). Measurement of samples (n = 4) shows variation of 0.3 kHz in frequency range, 1.2 

kHz in median frequency, and <0.1 second in duration. 
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Four printed samples in this category comprise approximately 1.4% (4/284) of 

printed and categorized harmonic calls (see Table 3-7) and approximately 0.3% (4/1326) 

of printed and categorized calls in this catalogue. 

I identified samples of the HM call from recordings at Dzanga Bai, Bolou Bai in 

1999, Dzanga Nest 1, and Bolou Foraging Tree (see Table 3-8). Samples from Dzanga 

Bai, Dzanga Nest 1, and Bolou Foraging Tree are only tentatively identifiable as the HM 

call. 

HO Call. The HO call, or the "harmonic over" call (because of its arched shape), 

has the following typical features (see Table 3-5, Table 3-6, and Figure 3-31). It 

probably comes in multiple variants. One sample, which contains more parts than others 

(four), may represent a rare variant, or "variant 2." The first part comprises three 

dominant frequency bands that begin at -1.6, -3.2, and -4.8 kHz and, respectively, rise 

rapidly. The second part comprises two dominant frequency bands centered at -2.8 and 

-5.6 kHz that, respectively, fall and then rise rapidly. The third part comprises one 

frequency band that begins at -4.4 kHz and descends to -3.2 kHz. The fourth part 

comprises two dominant frequency bands that rise and fall, respectively peaking at -2.4 

and -4.8 kHz. Another sample may represent another rare variant, or "variant 3"; it is an 

incomplete version of "variant 2" described above. It comprises three parts that 

correspond to parts one, three, and four of "variant 2." The first part comprises three 

dominant frequency bands, slightly higher in frequency, that modulate like part one of 

"variant 2." The "third" part comprises one frequency band that rises and falls, peaking 

at -4.8 kHz. The "fourth" part comprises two dominant frequency bands, slightly higher 



in frequency, that modulate like "variant 2." The most common is "variant 1," which is 

also an incomplete version of the rare "variant 2." It comprises three parts that 

correspond to parts two through four of "variant 2." The "second" part comprises two 

dominant frequency bands that begin at ~2.1 and -4.2 kHz that, respectively, fall and 

then rise rapidly. This part is lower in frequency but modulates similarly to "variant 2." 

The "third" part comprises one frequency band that begins at -4.2 kHz and descends to 

-2.6 kHz. The "fourth" part comprises two or three dominant frequency bands that 

descend, respectively, and are centered at -2.4 and -4.9 kHz. If one ignores the third 

uppermost band in the first part of the call, the median frequency of the HO call varies 

from 3.4 to 4.3 kHz, most often varying from 3.5 to 3.8 kHz. If one also ignores the third 

introductory band, the frequency range varies from 3.1 to 5.2 kHz, most often varying 

from 3.5 to 3.8 kHz. The HO call has a >0.1 to 0.2 second duration, either a diffuse or 

abrupt onset, and a moderate amplitude. The call has a complex timbre, or a sound 

quality that varies over time. Variation among samples appears high in all parts of the 

call; however, several sample spectrograms show smearing as a consequence of what 

may be reverberation, which makes identification of frequency bands difficult. 

Measurement of samples (n = 5) shows variation of 2.1 kHz in frequency range, 0.9 kHz 

in median frequency, 0.1 second in duration, and one change in the number of frequency 

band shifts. 

Twenty-three printed samples in this category comprise approximately 8.1% 

(23/284) of printed and categorized harmonic calls (see Table 3-7) and approximately 

1.7% (23/1326) of printed and categorized calls in this catalogue. 
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1 identified samples of the HO call from recordings at all locations except Bolou 

Nest 1 and Bolou Pre-roosting Area in 1997 and 1999 (see Table 3-8). Samples from 

Dzanga Nest 1 and Bolou Nest 2 are only tentatively identifiable as the HO call. 

HF call. The HF call, or the "harmonic F" call, has the following typical features 

(see Table 3-5, Table 3-6, and Figure 3-32). It consists of three parts. The first part 

comprises three dominant frequency bands centered at -1.4, -2.1, and ~4 kHz. The 

second part comprises either (a) four dominant frequency bands centered at-1.3, -2.6, 

-3.9, and -5.2 kHz or (b) two dominant bands centered at-1.7 and -3.4 kHz. The third 

part comprises three dominant fi^equency bands centered at -1, -2.1, and -3.2 kHz. 

Based on four frequency bands in the second part of the call, the median frequency varies 

from 3 to 3.2 kHz; the frequency range varies from 4.5 to 4.9 kHz. The HF call has a 0.2 

to 0.3 second duration, either an abrupt or diffuse onset, and a moderate amplitude. The 

call has a complex timbre, or a sound quality that varies over time. Variation among 

samples, especially in the second part of the call, appears moderate to high. 

Measurement of samples (n = 5) shows variation of 0.4 kHz in frequency range, 0.2 kHz 

in median frequency, and 0.1 second in duration. 

Seven printed samples in this categoiy comprise approximately 2.5% (7/284) of 

printed and categorized harmonic calls (see Table 3-7) and approximately 0.5% (7/1326) 

of printed and categorized calls in this catalogue. 

I identified samples of the HF call from recordings at Bolou Bai in 1999, Bolou Nest 

1 (as a duet component), and Bolou Nest 2 (produced discretely) (see Table 3-8). 
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HC call. The HC call, or the "harmonic C" call, has the following typical features 

(see Table 3-5, Table 3-6, and Figure 3-33). The call consists of three parts. The first 

part comprises two to four dominant frequency bands, most often three. At the onset, the 

second and possibly third (uppermost) bands are most visible. Then the first (lowermost) 

band may gradually become more visible as the three bands rise to -1.4, -2.8, and -4.2 

kHz. The second part comprises two dominant frequency bands that begin at 1.8 - 2 kHz 

(lowermost band) and 3.6 - 4 kHz (uppermost band) and then descend to -1.4 and -2.8 

kHz. The third part comprises two to three frequency bands at -1 kHz, -2 kHz, and -3 

kHz (when present); these often increase and decrease rapidly. The median frequency 

varies from 2.3 to 3 kHz; the frequency range varies from 3 to 3.8 kHz The HC call has 

a -0.2 second duration, a diffuse onset, and a moderate amplitude. The call has a 

complex timbre, or a sound quality that varies over time. Variation among samples, 

especially the rate and extent of frequency modulation in the first and last portions of the 

call, is moderate to high. Measurement of samples (n = 6) shows variation of 0.8 kHz in 

frequency range, 0.7 kHz in median frequency, and <0.1 second in duration. 

Ten printed samples in this category comprise approximately 3.5% (10/284) of 

printed and categorized harmonic calls (see Table 3-7) and approximately 0.8% 

(10/1326) of printed and categorized calls in this catalogue. 

I identified samples of the HC call from recordings at Dzanga Bai, Bolou Bai in 

1999, Djangue Bai, Dzanga Nest 1, and Bolou Nest 2 (see Table 3-8). Samples from 

Dzanga Bai and Bolou Nest 2 are only tentatively identifiable as the HC call. 



HG call. The HG call, or the "harmonic G" call, has the following typical features 

(see Table 3-5, Table 3-6, and Figure 3-34). The HG call may come in three variants. 

Variant 1 consists of five parts. The first part comprises two dominant frequency bands at 

1.4 and 2.8 kHz. The second part comprises two dominant frequency bands that begin at 

approximately 2 and 4 kHz and then descend to -1.7 and -3.5 kHz. The third part 

comprises one frequency band at -2.7 kHz. The fourth part comprises two dominant 

frequency bands that rise and fall, peaking at -2.7 and -5.5 kHz. The fiflh part 

comprises one dominant frequency that begins at -3.3 kHz and descends to ~2 kHz. 

Variants 2 and 3 are incomplete versions of Variant 1. Variant 2's four parts correspond 

to parts two through five of variant 1. The "second" part comprises two dominant 

frequency bands that begin, respectively, at-1.7 and -3.5 kHz and then descend to -1.6 

and -3.2 kHz. The "third" part comprises one frequency band that begins at -2.7 kHz 

and rises to 3 kHz. The "fourth" part comprises two dominant frequency bands that rise 

and fall, respectively peaking at -2.7 and -5.5 kHz. The "fifth" part comprises one 

dominant frequency that begins at -2.9 kHz and descends to -2.1 kHz. Variant 3's three 

parts correspond to parts three through five of variant 1. The "third" part comprises one 

frequency band at near 3 kHz. The "fourth" part comprises two dominant frequency 

bands that rise and fall, respectively peaking at -2.7 and -5.4 kHz. The "fifth" part 

comprises one dominant frequency that begins at -3 kHz and descends to -2.3 kHz. 

When one ignores the first part of variant 1, the median frequency of the HG call varies 

from 3.6 to 3.9 kHz; the frequency range varies from 3.1 to 4 kHz. The HG call has a 0.1 

to 0.3 second duration, an abrupt onset, and a moderate amplitude. The call has a 
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complex timbre, or a sound quality that varies over time. Variation within variant 1 and 

within variant 2 is moderate in the rate and extent of frequency modulation; variation 

among samples from all variants is continuous in that variants 2 and 3 are subsets of 

variant 1. Variants are possibly not real in the even that the first two parts of the call in 

these samples may have such a low signal-to-noise ratio that they are absent only in 

recordings. Measurement of samples (n = 5) shows variation of 0.9 kHz in frequency 

range, 0.3 kHz in median frequency, 0.2 second in duration, and two changes in the 

number of frequency band shifts. 

Eighteen printed samples in this category comprise approximately 6.3% (18/284) of 

printed and categorized harmonic calls (see Table 3-7) and approximately 1.4% 

(18/1326) of printed and categorized calls in this catalogue. 

I identified samples of the HG call from recordings at Dzanga Bai, Bolou Bai in 

1999, Djangue Bai, and Bolou Nest 2 (see Table 3-8). 

HK call. The HK call, or the "harmonic K" call, has the following typical features 

(see Table 3-5, Table 3-6, and Figure 3-35). The call consists of four parts. In the 

prototypical call, the first part comprises three to four dominant frequency bands that, on 

a large scale, rise with frequencies centered on -1.7 kHz, -3.4 kHz, ~5.1 kHz, and -6.8 

kHz (when present). The second part comprises one to two dominant frequency bands 

that descend in frequency, centered at -2.3 (when present) and -4.5 kHz; the second part 

forms a slanted arch, which is the most distinguishing feature of the call. The third part 

comprises one to two frequency bands centered at -2 kHz, -4 kHz, and -6 kHz (when 

present). Finally, the fourth part comprises two to three frequency bands that. 
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respectively, rise in frequency (or rise and then fall), centered at ~2, ~4, and ~6 kHz. 

The median frequency of the HK call varies from 3.5 to 3.8 kHz, if one ignores the fourth 

frequency band when it is present; the frequency range varies from 3.9 to 4.4 kHz. The 

HK call has a -0.2 second duration, an abrupt onset, and a moderate amplitude. The call 

has a complex timbre, or a sound quality that varies over time. The fine scale contour 

shape, especially in the first portion call, shows high variation among samples. 

Measurement of samples (n = 4) shows variation of 0.5 kHz in frequency range, 0.3 kHz 

in median frequency, and <0.1 second in duration. 

Eight printed samples in this category comprise approximately 2.8% (8/284) of 

printed and categorized harmonic calls (see Table 3-7) and approximately 0.6% (8/1326) 

of printed and categorized calls in this catalogue. 

I identified samples of the HK call from recordings at Dzanga Bai, Bolou Bai in 

1999, Djangue Bai, and Dzanga Nest 1 (see Table 3-8). Samples from Dzanga Bai and 

Dzanga Nest 1 are only tentatively identifiable as the HK call. 

Summary of harmonic call characteristics. The harmonic calls vary in the following 

ways. The number of dominant frequency components varies from two to six. The 

number of frequency component changes varies from zero to four. Lower and upper 

frequency extremes vary from <0.3 kHz to a 7.5 kHz. Lower and upper median 

frequency extremes vary from 1.7 kHz to 6.2 kHz. Frequency range varies from 1.3 to 

8.0 kHz. Harmonic calls last from <0.1 to 0.5 second in duration. Calls may have either 

a diffuse or abrupt onset and vary in amplitude from low to moderate. Subjective sound 

quality varies from a rich tonal quality to a raspy quality. 
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Variation in the HN call type. Only the HN call type had a sufficiently large 

measured sample size to consider variation in measured characteristics. This call shows 

high variation with regard to frequency range, median frequency, and duration. 

Noisy-harmonic Calls 

Noisy-harmonic calls include all calls with both noisy and harmonic features. The 

following section consists of descriptions of the five types of noisy-harmonic calls. 

Descriptions also include the various acoustics features (Table 3-9 and Table 3-10), the 

number and proportion of samples of each call type (Table 3-11), locations where calls 

were recorded (Table 3-12), and, when known, specific contexts in which Grey Parrots 

produced calls. 

YI Call. The Y1 call, or the "noisy-harmonic 1" call (because it looks like the letter 

T), has the following typical features (see Table 3-9, Table 3-10, and Figure 3-36). The 

YI call comes in two variants. Variant 1 begins with a brief noisy segment that has a 

bandwidth of 2 - 2.5 kHz, with the lower edge at 1.2 -1.3 kHz and the upper edge at 3.2 -

3.7 kHz. This segment comprises 1 - 2 frequency bands, the upper of which may retain 

energy centered at ~3 kHz during the next segment Variant 2 consists of a brief noisy 

segment, which may appear curved towards the lower edge. Variant 2 has a bandwidth 

of 2.9 - 3.4 kHz, with the lower edge at 0.8 -1 kHz and the upper edge at 3.7 - 4.4 kHz. 

The frequency may rapidly decrease over time toward the latter segment of the call, 

which creates the lower curve on the spectrogram. Among samples of both variants, 

median frequency varies from 2.3 to 2.7 kHz but other samples, which have wider 
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frequency ranges, may have a median frequency as high has 3.5 kHz. Frequency range 

varies from 2 to 3.4 kHz. The YI call typically has a duration less than 0.1 second, an 

abrupt onset, and a low amplitude. The timbre of variant 1 has a plucked string quality; 

variant 2 has a more percussive qualiity. Measurement of samples of YI variant 1 (n = 6) 

shows within-variant variation of 0.5 kHz in noisy element bandwidth and frequency 

range, 0.2 kHz in median frequency, and <0.1 second in duration. Measurement of 

samples of YI variant 2 (n = 4) shows within-variant variation of 0.5 kHz in noisy 

element bandwidth and frequency range, 0.4 kHz in median frequency, and 0 - <0.1 

second in duration. The YI call shows within-call-type variation of 1.4 kHz in noisy 

element bandwidth and frequency range, 0.4 kHz in median frequency, and 0 - <0.1 

second in duration. 

Sixteen printed samples in this category comprise approximately 10.5% (16/153) of 

printed and categorized noisy-harmonic calls (see Table 3-11) and approximately 1.2% 

(16/1326) of printed and categorized calls in this catalogue. 

1 identified samples of the YI call from recordings at Dzanga Bai, Bolou Bai in 

1999, Djangue Bai, Bolou Nest 2, Bolou Foraging Tree, and Bolou Pre-roosting area in 

1997 (see Table 3-12). Samples from Dzanga Bai are only tentatively identifiable as the 

YI call. 

YP call. The YP call, or the "noisy-harmonic percussive" call, has the following 

typical features (see Table 3-9, Table 3-10, and Figure 3-37). The YP call begins with a 

brief noisy segment comprised of one to two frequency bands. This segment has a 

bandwidth of 3.5 - 5 kHz, most often 3.5 - 4 kHz; occasionally it may extend higher than 
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5.3 kHz (i.e., from 2.3 kHz to 7.6 kHz). Typically, the lower edge of the noisy segment 

is at 2.1 - 2.8 kHz and the upper edge at 6 - 7.4 kHz. The remainder of the call retains 

energy at predominantly two dominant frequency bands centered at ~3 and -5.5 kHz. 

The frequency range typically varies from 3.5 - 5 kHz. The median frequency varies 

from 4 to 5 kHz, but most often is between 4,2 and 4.6 kHz. The YP call typically has a 

duration less than 0.1 second, an abrupt onset, and a moderate amplitude. The timbre is 

percussive, having a "click" sound quality. Measurement of samples (n= 9) shows 

variation of 1.5 kHz in noisy element bandwidth and frequency range, 1.0 kHz in median 

frequency, and 0 - <0.1 second in duration. 

Forty-eight printed samples in this category comprise approximately 31.4% (48/153) 

of printed and categorized harmonic calls (see Table 3-11) and approximately 3.6% 

(48/1326) of printed and categorized calls in this catalogue. 

I identified samples of the YP call from recordings at all locations except Bolou Pre-

roosting area in 1999 (see Table 3-12). Samples from Dzanga Bai and Bolou Nest lare 

only tentatively identifiable as the YP call. 

YS Call. The YS call, or the "noisy-harmonic shriek" call could be classified as a 

harmonic call, but its rapid repetitive frequency modulation gives it a noisy timbre. The 

call has the following typical features (see Table 3-9, Table 3-10, and Figure 3-38). It 

consists of 2 - 3 frequency bands. The most striking feature is the fine-scale, rapid, and 

repeated frequency modulation of the bands (each with a range up to 2 kHz) during the 

first part of the call, which gives the call its noisy sound quality. Most often, the YS call 

comprises two dominant frequency bands that, on a large scale, slowly increase and then 
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decrease. The number of dominant frequency bands does not change over time. 

Frequency range varies from 2.9 to 4.9 kHz (ignoring 3rd band when present), and 

median frequency varies from 3.9 to 4.7 kHz (ignoring 3rd band when present). The YS 

call has a 0.2 to 0.3 second duration, an abrupt onset, and a high amplitude. The timbre 

is a "shrieky" sound quality. Measurement of samples (n= 12) shows variation of 1.8 

kHz in the frequency range of one band, 2.0 kHz in the frequency range of the whole 

call, 0.8 kHz in median frequency, and 0.1 second in duration. Variation in the noisy 

element frequency range (equivalent of noisy element bandwidth) is largely a 

consequence of fine-scale frequency modulation; variation in the frequency range of the 

call is a large consequence of large-scale variation in frequency modulation (contour 

shape). 

Sixty-seven printed samples in this category comprise approximately 44.4% 

(68/153) of printed and categorized noisy-harmonic calls (see Table 3-11) and 

approximately 5.1% (68/1326) of printed and categorized calls in this catalogue. 

I identified samples of the YS call from recordings at all locations except Bolou Nest 

1, Bolou Nest 2, and Bolou Pre-roosting area in 1997 (see Table 3-12). 

YT call. The YT call, or the "noisy-harmonic T" call, has the following typical 

features (see Table 3-9, Table 3-10, and Figure 3-39). The YT call begins with a brief 

noisy segment that extends as low as 1.9 kHz to as high as 7.5 kHz. The bandwidth of 

this segment varies from 2.5 to 5 kHz, most often 3.8 - 4.3 kHz. The remainder of the 

call consists of two dominant frequency bands that either (1) decrease or (2) increase 

slightly and then decrease. These bands are centered at 2.5 - 3 kHz and 3 - 5.8 kHz, 
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respectively. The number of dominant frequency bands changes once over time. 

Frequency range varies from 3.9 to 5.5 kHz, and median frequency varies from 4.2 to 4.8 

kHz. The YT call has <0.1 second duration, an abrupt onset, and a moderate amplitude. 

The timbre is percussive, having a "click" sound quality. Measurement of samples (n= 5) 

shows variation of 2.5 kHz in noisy element bandwidth, 1.6 kHz in frequency range, 0.6 

kHz in median frequency, and 0 - <0.1 second in duration. Variation in both the noisy 

element bandwidth and the extent of downward frequency modulation in the second 

segment cause variation in the frequency range 

Twelve printed samples in this category comprise approximately 7.8% (12/153) of 

printed and categorized noisy-harmonic calls (see Table 3-11) and approximately 0.9% 

(12/1326) of printed and categorized calls in this catalogue. 

I identified samples of the YT call from recordings at all locations except Bolou 

Foraging Tree in 1997, Bolou Pre-roosting area in 1997, and wild-caught parrots in a 

cage (see Table 3-12). Samples from Bolou Bai in 1997, Dzanga Nest 1, and Bolou Nest 

1 are only tentatively identifiable as the YT call. 

TQ Call. The YQ call, or the "noisy-harmonic Q" call, has the following typical 

features (see Table 3-9, Table 3-10, and Figure 3-40), The YQ call, if not two separate 

call types, comes in two variants. Variant 1 begins with an introductory segment at 5.3 -

6.1 kHz and rapidly decreases to 4.4 - 4.8 kHz. Occasionally, this segment is absent or 

very faint on the spectrogram. The remainder (or entirety) consists of two frequency 

bands: The lower band begins as a noisy segment centered at 3.1 - 3.4 kHz; the upper 

band is centered at 5.4 - 5.6 kHz. Variant 2 begins with an introductory noisy segment 



110 

between ~3 and ~4 kHz. The remainder consists of two frequency bands: The lower 

band begins as a noisy segment centered at 2.8 - 3.1 kHz; the upper band begins as a 

noisy segment centered at 5.1 - 5.4 kHz. Because of the rarity of this call, it is not clear 

whether variant 2 is produced by one or two individuals, however, neither the first nor 

elements occur separately. For both variants, the bandwidth of the lowest noisy segment 

varies from 0.9 - 2.5 kHz, most often 1 - 1.5 kHz. Frequency range varies from 2.8 to 

3.8 kHz; median frequency varies from 3.8 - 4.2 kHz. The timbre is a "clink" sound 

quality. Measurement of samples of the YQ variant 1 (n = 5) shows within-variant 

variation of 1.2 kHz in noisy element bandwidth, 0.3 kHz in frequency range, 0.4 kHz in 

median frequency, and 0.1 second in duration. Measurement of samples of YQ variant 2 

(n = 3) shows within-variant variation of 0.5 kHz in noisy element bandwidth, 1.0 kHz in 

frequency range, 0 - <0.1 kHz in median frequency, and 0 - <0.1 second in duration. The 

YQ call shows within-call-type variation of 1.3 kHz in noisy element bandwidth, 1.0 kHz 

in frequency range, 0.4 kHz in median frequency, and 0 - <0.1 second in duration. 

Nine printed samples in this category comprise approximately 5.9% (9/153) of 

printed and categorized noisy-harmonic calls (see Table 3-11) and approximately 0.7% 

(9/1326) of printed and categorized calls in this catalogue. 

1 identified samples of the YQ call from recordings at Bolou Bai in 1997, Djangue 

Bai, Dzanga Nest 1, and Bolou Nest 2 (see Table 3-12). Samples from Dzanga Nest 1 

and Bolou Nest 2 are only tentatively identifiable as the YQ call. 

Summary of noisy-harmonic calls. The noisy-harmonic calls vary in the following 

ways. The number of dominant frequency components varies from one to three. These 



I l l  

calls may have from zero to one frequency component change. Lower and upper 

frequency extremes vary from 1.2 kHz to ^7.6 kHz. Frequency range varies from 2.0 to 

a 5.5 kHz. Lower and upper median frequency extremes vary from 2.3 kHz to aS.O kHz. 

Noisy-harmonic calls have a duration that varies from <0.1 to 0.3 second. All of these 

calls have an abrupt onset and vary in amplitude from low to high. Subjective sound 

quality varies from a shriek to a percussive sound. Measured sample sizes were too 

small to assess within-call-type variation. 

Noisy Calls 

Noisy calls are calls that comprise a wide spread, or band, of frequencies of which 

most or all do not differ significantly in their amplitude, creating a harsh quality. The 

following section consists of descriptions of the five types of noisy calls. Descriptions 

also include the various acoustic features (Table 3-13), the number of samples of each 

call type (Table 3-14), locations where calls were recorded (Table 3-15), and, when 

known, specific contexts in which Grey Parrots produced calls. 

NZ Call. The NZ call, or the "noisy zip" call, has the following typical features (see 

Table 3-13 and Figure 3-41). The zip consists of one broad frequency band in which 

most of the energy is concentrated between 1.5 kHz and 7.6 kHz, most often between 2 

and 6.8 kHz. Regularly distributed vertical bars are often apparent. Among samples, 

bandwidth (frequency range) varies from 3.8 to 5.7 kHz and the median frequency from 

3.9 - 5 kHz. The zip has a duration of 0.1 - 0.3 second, an abrupt onset, and a moderate 

amplitude. Measurement of samples (n= 12) shows variation of 1.9 kHz in bandwidth. 
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1.1 kHz in median frequency, and 0.2 second in duration. Although the bandwidth and 

median frequency vary among samples, the NZ call has a distinct timbre created by the 

concentration of energy above 1.5 kHz. 

Forty-four printed samples in this category comprise approximately 37.6% (44/117) 

of printed and categorized noisy calls (see Table 3-14) and approximately 3.3% 

(44/1326) of printed and categorized calls in this catalogue. 

I identified samples of the NZ call from recordings at Dzanga Bai, Bolou Bai in 

1997 and 1999, Djangue Bai, Dzanga Nest 1, Bolou Foraging Tree, Bolou Pre-roosting 

area in 1997, and wild-caught individuals in a cage (see Table 3-15). Grey Parrots, 

especially flocks in forest clearings, occasionally produce a single NZ call in association 

with taking flight. 

NO call. The NO call, or the "noisy soft squawk" call, has the following typical 

features (see Table 3-13 and Figure 3-42). Among samples, the frequency range varies 

from 5 to 5.4 kHz, and the median frequency varies from 3.1 to 3.3 kHz. The NO call 

has a <0.1 second duration, an abrupt onset, and a low amplitude. The timbre is a soft 

squawk or cluck. The sample size is too small to determine variation. 

One printed sample in this category comprises approximately 0.9% (1/117) of 

printed and categorized noisy calls (see Table 3-14) and approximately <0.1% (1/1326) 

of printed and categorized calls in this catalogue. 

I identified samples of the NO call from recordings at Bolou Bai in 1997, Bolou 

Nest 2 and Bolou Pre-roosting area in 1997 (see Table 3-15). Samples from Bolou Bai in 

1997 are only tentatively identifiable as the NO call. 
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NS Call The NS call, or the "noisy squawk" call has the following features (see 

Table 3-13, Table 3-15, and Figure 3-43). Greys may produce two variants of the 

squawk. Variant 1 consists of one broad frequency band in which most of the energy is 

fairly evenly distributed between 0.5 kHz and 7 kHz, most often between 0.7 and 6 kHz. 

Among samples, bandwidth (frequency range) varies from 4.5 to 6.5 kHz, median 

frequency from 3 - 3.9 kHz, and duration from 0.2 to 0.3 second. In Variant 2, the 

energy is not evenly distributed vertically (spectrally) and/or horizontally (temporally). 

The distribution of energy is primarily between 0.4 and 6.5 kHz, most often between 0.7 

kHz and 6 kHz. Among samples, bandwidth (frequency range) varies from 4 to 5 kHz 

and the median frequency from 2.8 - 3.8 kHz. Both variants have an abrupt onset and a 

high amplitude. The timbre is harsh or raucous and represents a prototypical parrot 

squawk. Measurement of samples (n= 16) shows variation of 2.5 kHz in bandwidth, 1.1 

kHz in median frequency, and 0.3 second in duration. 

The squawk is the most frequently produced noisy call and probably the most 

frequently produced call in the repertoire; printed samples in this catalogue represent 

only a subset of those produced in the population. Sixty-one printed samples make up 

approximately 52.1% (61/117) of printed and categorized noisy calls (see Table 3-14) 

and approximately 4.6% (61/1326) of printed and categorized samples. 

I identified samples of squawks from recordings at all locations except Bolou Nest 2 

and Bolou Pre-roosting area in 1999 (see Table 3-15). Squawks also occurred as duet 

components at Dzanga Nest 1 and Bolou Nest 1 (in duet only). Samples from Bolou Pre-

roosting area in 1997 are only tentatively identifiable as the NS call. Greys produce 
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squawks in a variety of contexts: in flight, just prior to flight, and during agonistic 

interaction while remaining perched. Squawks appear strongly associated with flight, 

especially in flocks at the clearings 

NG call. The NG call, or the "noisy growl" call has the following features (see 

Table 3-13 and Figure 3-44). The growl comprises a series of bursts of variable duration 

separated by 0.1 - 0.2 second pauses and sounds much like a dog's growl. I measured 

four bursts from one caged individual as it responded to a human captor that stood within 

2 meters of the bird. The burst consists of one broad frequency band in which most of 

the energy occurs unevenly between -0,2 kHz and -5.7 kHz. Among four samples of 

bursts, the frequency range varies from 5.3 to 5.5 kHz, the median frequency from 2.9 -

3.0 kHz, and the duration of a single burst from 2.6 to >3.5 seconds. Bursts are longer 

than the bursts of a scream, or NC call (see Figure 3-46). The growl has a high-intensity 

but moderate-to-high amplitude. Sample size was too small to assess variation except 

that within-individual variation of duration occurs in successive bursts. The only 

observed context was one which the parrot in a small cage placed on the ground 

produced the growl while a human stood near the cage. 

Four printed samples in this category comprise approximately 3.4% (4/117) of 

printed and categorized noisy calls (see Table 3-14) and approximately 0.3% (4/1326) of 

printed and categorized calls in this catalogue. 

NC Call. The NC call, of the "noisy scream" call has the following features (see 

Table 3-13 and Figure 3-45). The scream comprises a series of bursts of variable 

duration. A single burst may comprise either one or two broad frequency bands. When a 
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single burst comprises one broad frequency band, most of the energy occurs between 0.9 

kHz and 7.6 kHz or between 1 kHz and 6.4 kHz. When a single burst comprises two 

broad frequency bands, most of the energy in the lower band occurs between 1 kHz and 3 

kHz, and, in the upper band, between 3.3 kHz and 7.6 kHz (see Figure 3-46). Among 

samples, frequency range varies from 5.4 to 6.7 kHz, and the median frequency from 3.7 

to 4.3 kHz. One burst has a duration that varies from 0.7 to >1.1 seconds. Figure 3-45 

displays the first in a series of bursts produced by a tethered individual upon brief capture 

in the talons of a raptor: The first burst has a duration of 0.8 second, the second 0.7 

second, the third 0.8 second, and the fourth 0.6 second. Figure 3-46 displays a series of 

three other bursts produced by an individual perched on the rim of a tree cavity, probably 

the location of its nest: The first burst has a duration of l.l seconds, the second burst 0.7 

second, and the third burst 1 second. The three bursts appear to have occurred as 

components of a duet: A second individual at least a few meters away also produced 

three overlapping calls. The scream is a high-intensity, very-high-amplitude, harsh call 

not unlike a human scream. Except for one duet at a nest. Grey Parrots produce the 

scream exclusively in the context of capture: either by a raptor, a net, or a human hand. 

When multiple parrots are caught in a net, the bursts overlap to produce extraordinarily 

loud and sustained screaming. 

Seven printed samples in this category comprise approximately 6% (7/117) of 

printed and categorized noisy calls (see Table 3-14) and approximately 0.5% (7/1326) of 

printed and categorized calls in this catalogue. Four samples are from an individual 



caught briefly by a raptor and three samples from an individual perched on the rim of a 

tree cavity during a duet. 

Summary of noisy call types. The noisy calls vary in the following ways. Lower and 

upper frequency extremes range from 0.2 kHz to 7.6 kHz. Frequency range and 

bandwidth vaiy from 3.8 to 6.7 kHz. Median frequency varies from 2.8 kHz to 5 kHz. 

Noisy calls last from <0.1 to >3.5 seconds in duration, or longer in the case of growl and 

scream sequences. These calls have an abrupt onset and range in amplitude from low to 

very high. Subjective sound quality ranges from a "zip" to an intense "scream." 

Measured sample sizes were too small to assess within-call type variation. 

Other Vocal Patterns 

Duets. At least two Grey Parrot pairs observed and recorded in this study, one near 

Dzanga Nest 1 and one near Bolou Nest 1, produced loud temporally coordinated 

sequences of calls near tree cavities. Sequences are relatively long in duration, lasting 

from a few to over 10 seconds. Such a long duration is tied to their compound structure: 

Sequences comprise an approximate range of 13 to 23 call types as duet notes, often 14-

16 calls. No two duets, even those emitted by the same pair, have an identical order of 

notes; the pair observed near Bolou Nest produced at least 13 unique duets in one 

afternoon alone. 

The composition is primarily tonal calls but some notes are harmonic, noisy-

harmonic, and noisy calls. Tonal calls include unidentified types, types clearly identical 

to the TH and TL call types, and types either identical or similar to the TT, TD, TV, TY, 



117 

and TE call types. In the latter case, categorization was difficult because, in duets, Grey 

Parrots appear to augment both the rate of frequency modulation (slower) and the 

amplitude of these calls (louder), e.g., the TV call (see Figure 3-17). Many duets include 

the TL (1-2 times per duet) and TH call types (1-3 times per duet), with the TH call as 

most common. The TL call, which often occurs near the end of the duet, has an acoustic 

structure similar to that when produced outside duets, except that it is louder. The TH 

call, which may occur anywhere in the sequence, appears to have an acoustic structure 

identical to that produced discretely (outside of duets). The harmonic, noisy-harmonic, 

and noisy calls include the HN, HS, and NS (squawk) calls, and in one rare kind of short 

sequence, an NC (Scream) call (See Figure 3-44). The acoustic structure of these calls as 

produced in duets is nearly identical to that produced outside the duet, except that they 

(i.e., the HN calls) may have a higher amplitude. 

Five duets examined in more detail show the following general pattern. The first 

section includes (and most often begins with) one or more low- to mid-frequency tonal 

calls, such as the TD call. The middle section includes one or more TH calls (often two 

that overlap) and other mid- to high-frequency tonal calls; this section is also where non-

tonal calls typically occur, such as the squawk. The last section ends with low frequency 

tonal calls including the TL call. These duets appear to maximize the frequency range of 

the Grey Parrot repertoire. Further investigation may reveal that these sequences have a 

more complicated but more predictable pattern. 

The composition of duets is distinct from other Grey Parrot vocal behavior in its 

relatively wide frequency range: The duet is rich in large but slow changes in frequency 
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over time. Duets also differ from other Grey Parrot vocal behavior in that two 

individuals cooperate and coordinate to produce the duet. Most call notes either overlap 

slightly or alternate less than 0.5 sec apart. Infrequently, Greys produce duet notes that 

overlap by more than one third the duration of any single note. In sum, the 

characteristics of these coordinated sequences differ from all other forms of observed 

Grey Parrot vocal behavior. 

All samples came from recordings of pairs perched near tree cavities, which may 

have been nests or potential nests. Too, because a substantial proportion of recordings at 

the bais included a cacophony of multiple overlapping and simultaneously produced calls 

(see description of random call sequences below), the cacophony could have included 

duets that I was unable to detect. The only pair observed that did not produce duets was 

the pair observed near Bolou Nest 2. 

Non-patterned vocal sequences. Grey Parrots may also produce call bouts, or 

sequences ,  tha t  lack an  obvious  pat tern .  Near  Dzanga Nest  1  and Bolou Nest  2 ,1  

recorded one or two parrots that produced an unlimited series of highly variable, 

intermittent calls interspersed by pauses of unpredictable length. These sequences vary-

in length and, in contrast to pair duets, the parrots do not appear to coordinate their calls 

temporally nor does production of these sequences covary with any specific context. 

Near tree cavities, these calls often have a low to moderate amplitude. At the clearings, 

pairs and small flocks also produce "rambling" sequences of variable notes much like 

pair members produce near nests. As more parrots arrive at the clearing and these flocks 

grow in size, however, apparent warbling grows to a loud, often sustained cacophony of 
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often simultaneous or overlapping calls. At clearings, calls may have a low, moderate, 

high, or very high amplitude. Because I did not examine these seemingly non-patterned 

sequences in detail, identification of call types and analysis of sequences, at least of 

parrots near tree cavities and of small groups of parrots at the clearings, are needed to 

confirm that these sequences lack a pattern repeated within or among individuals. 
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Chapter 3 Appendix. Figures and Tables 

Figu re 3-1. Spectrograms of the TL Call Type. Wideband spectrograms of four 

examples of the TL call. The contour shape is a "horizontal line" (HL). Note how the 

low fundamental frequency of the TL call contrasts with the high frequency band of 

insect sounds in all spectrograms and how it also falls below the background noise 

(possibly a bird) between 1.5 and 2 kHz in the upper two spectrograms. 
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Figure 3-2. Spectrograms of the TY Call Type. Wideband spectrograms of three 

examples of the TY call; Variant 1, Variant 2, and an Atypical sample. The contour 

shape is a "horizontal line" (HL). Note in the spectrogram of variant 2, recorded in the 

evening, how the low frequency of the TY call contrasts with the loud, high frequency 

band of insect sounds. 
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Figure 3-3. Spectrograms of the TR Call Type. Wideband spectrograms of three 

examples of the TR call type; one sample of Variant 1, with an upward (UP) contour 

shape; one sample of Variant 2, with a downward (D) contour shape); and one sample of 

Variant 3, with a horizontal (H) contour shape. Note in the spectrograms how the low 

frequency of the TR call contrasts with the high frequency band of insect sounds. 
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Figure 3-4. Spectrograms of the TB Call Type. Wideband spectrograms of three 

examples of the TB call; one sample of Variant 1, one sample of Variant 2, and an 

atypical sample. The contour is "S-shaped" (S). Note how the low fundamental 

frequency of the TB call contrasts with the high frequency band of insect sounds in 

spectrograms. 
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Figure 3-5. Spectrograms of the TA Call Type. Wideband spectrograms of two 

examples of the TB call. The contour is "M-shaped" (M). Note how low the initial 

fundamental frequency is. 
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Figure 3-6. Spectrograms of the TD Call Type. Wideband spectrograms of four 

examples of Variant 1: one sample of Contour 1, with a "convex A" shape; two samples 

of Contour 2, which are "S-shaped" (S); and one sample of Contour 3, with an "upward 

asymptote" (UA) shape. Note, in all but one spectrogram, how the low fundamental 

frequency of the TD call contrasts with the high frequency band of insect sounds. 
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Figure 3-7. Spectrograms of the TD Call Type. Wideband spectrograms of four 

examples of the TD call: one sample of Variant 2 Contour 1, with an "S-shape" (S); one 

sample of Variant 2 Contour 2, with a "squiggle horizontal line" (SHL) shape, and two 

Other samples. Note how the low fundamental frequency of the TD call contrasts with 

the high frequency band of insect sounds in spectrograms. 
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Figure 3-8. Spectrograms of the TM Call Type. Wideband spectrograms of four 

examples of the TM call; one sample of Variant 1, one sample of Variant 2, and two 

Atypical Samples (a) and (b). The contour shape is V+. Note, in the spectrograms, 

especially atypical sample (a), how the fundamental frequency of the TM call contrasts 

with the high frequency band of insect sounds. 
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Figure 3-9. Spectrograms of the TE Call Type. Wideband spectrograms of four 

examples of the TB call: three samples of Variant 1, with a "downward curve" (DC) 

contour shape, and one sample of Variant 2, with a "U-shaped" (U) contour. Note how 

the fundamental frequency of the TB call contrasts with the high frequency band of 

insect sounds in the spectrograms. 
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Figure 3-10. Spectrograms of the TX Call Type. Wideband spectrograms of four 

examples of the TX call: two samples of Variant 1 and two samples of Variant 2. 

The contour shape is "convex B" (CXB). Arrows indicate areas where other animal 

sounds were removed graphically. Note, in all but the first variant 1 spectrogram, 

how the fundamental frequency of the TX call contrasts with the high frequency 

band of insect sounds. 
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Figure 3-11. Spectrograms of the TS Call Type. Wideband spectrograms of three 

examples of the TS call: Sample 1, Sample 2, and Sample 3. The contour shape is 

"concave" (CV). Note in spectrograms of samples 1 and 3 how the fundamental 

frequency of the TS call contrasts with the high frequency band of insect sounds. 
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Figure 3-12. Spectrograms of the TG Call Type. Wideband spectrograms of two 

examples of the TG call. The contour shape is an "upward asymptote" (UA). Note how 

the fundamental frequency of the TG call in each spectrogram contrasts with the high 

frequency band of insect sounds. 
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Figure 3-13. Spectrograms of the TP Call Type. Wideband spectrograms of five 

examples of the TP call: three samples of Variant 1 and two other samples. Other 

Sample 1 and Other Sample 2. The contour shape is "upward asymptote", or UA. 

Arrows indicate areas where other animal sounds were removed graphically. Note that 

Other Sample 1 is similar in the initial frequency but different in contour relative to the 

three samples of Variant 1. Note that Other Sample 2 is similar in contour but higher 

in frequency relative to the three samples of Variant 1. Note in the first two samples of 

Variant 1 and the Other Sample spectrograms how the fundamental frequency contrasts 

with the high frequency band of insect hum. Note also in the Other Sample 1 

spectrogram how the fundamental frequency contrasts with the high frequency notes of 

another avian species (notes circled and crossed out). 
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Figure 3-14. Spectrograms of the TV Call Type. Wideband spectrograms of four 

examples of variant 1. Note in the lower right-hand spectrogram how the fundamental 

frequency of the TV call contrasts with the high frequency band of insect sounds. 
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Figure 3-15. Spectrograms of the TV Call Type. Wideband spectrograms of three 

examples of variant 2. Note in the spectrograms how the fundamental frequency of the 

TV call contrasts with the high frequency band of insect hum. 
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Figure 3-16. Spectrograms of the TV Call Type. Wideband spectrograms of three 

examples of the TV call: two samples of Variant 1 and one Other Sample. Arrows 

indicate areas where other animal sounds were removed graphically. Note in 

spectrograms of variant 1 how the fundamental frequency of the TV call contrasts with 

the high frequency band of insect sounds. 
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Figure 3-17. Spectrograms of the TV Call Type. Displays wideband spectrograms of 

one typical example of TV Variant 1 Produced Alone (produced singly or discretely) 

compared to one fypical example of TV Variant 1 Produced in a Duet. The lower 

spectrogram is an excerpt from a duet; a TH Variant 2 call, produced by one member of 

a pair, overlapped by a TV call, produced by the other member of a pair. Horizontal 

lines shown below spectrograms indicate the duration of the TV call sample. Note the 

augmentation of the contour of the TV call Variant 1 produced in the duet compared to 

the TV Variant 1 call sample produced alone. Note too that the TH and TV calls in the 

duet overlap in both time and frequency. 
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Figure 3-18. Spectrograms of the TQ Call Type. Wideband spectrograms of seven 

examples of the TQ call. In the first row, from left to right; one sample with a 

"downward line" contour, or DL Contour; one sample with a "downward inconsistently" 

contour, or DI Contour; and three samples with a "downward line horizontal" contour, 

or DH Contour. In the second row: two samples with a "downward asymptote" contour, 

or DA Contour. Note the effect of reverberation in all of the spectrograms and the high 

frequency band of insect sounds in the DI and DA spectrograms. 
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Figure 3-19. Spectrograms of the TC Call Type. Wideband spectrograms of four 

examples of the TC call. Note some high frequency insect hum in Sample 3. 
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Figure 3-20. Spectrograms of the TH Call Type. Wideband spectrograms of three 

examples of the TH call ; one sample of Variant 1, one sample of Variant 2, and one 

sample of Variant 3. Variant 1 and variant 2 samples show light harmonics as a 

consequence of very high signal amplitude. Because of their low amplitude, these are 

not considered dominant frequencies; the timbre is still whistle-like and sounds the same 

as calls that result in spectrograms without harmonics. Note the high frequency insect 

hum in the spectrograms. 
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Figure 3-21. Spectrograms of the TU Call Type. Wideband spectrograms of three 

examples of the TU call. Note the high frequency insect hum in the second and third 

samples. Note also the noise between 2 and 3 kHz in the second sample. 
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Figure 3-22. Spectrograms of the TT Call Type. Wideband spectrograms of four 

examples of the TT call: two samples of Variant 1, one sample of Variant 2, and one 

Other Sample. Note some high frequency insect hum in the second sample of variant 1 

and in the sample of variant 2. 
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Figure 3-23. Spectrograms of the HR Call Type. Wideband spectrograms of four 

samples of the HR call type. Note the high frequency band of insect sounds in the left 

upper and lower examples. 
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Figure 3-24. Spectrograms of the HL Call Type. Wideband spectrograms of four 

samples of the HL call type. 
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Figure 3-25. Spectrograms of the UN Call Type. Wideband spectrograms of four 

samples of variant 1. Note the high frequency band of insect sounds in the second and 

fourth spectrograms. 
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Figu re 3-26. Spectrograms of the HN Call Type. Wideband spectrograms of three 

samples of the HN call variant 2. 
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Figure 3-27. Spectrograms of the HN Call Type. Wideband spectrograms of four 

samples of variant 3. 
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Figure 3-28. Spectrograms of the HA Call Type. Wideband spectrograms of four 

samples of the HA call type. Note the high frequency band of insect sounds in all except 

the first spectrogram. 
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Figure 3-29. Spectrograms of the HD Call Type. Wideband spectrograms of four 

samples of the HD call type. Note the high frequency band of insect sounds in all except 

the last spectrogram. 
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Figure 3-30. Spectrogram of the HM Call Type. Wideband spectrogram of one 

sample of the HM call type. Note how the high frequency band of insect sounds overlaps 

with the first part of the call. 
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Figure 3-31. Spectrograms of the HO Call Type. Wideband spectrograms of six 

samples of the HO call type; three examples of Variant 1, one example of "Variant 2" 

(potential variant), one example of "Variant 3" (potential variant), and a Sample with 

Reverb (variant is unknown as a consequence of reverberation). Note the high 

frequency band of insect sounds in the first and third examples of Variant 1. An arrow 

indicates an area where other animal sounds were removed graphically. 
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Figure 3-32. Spectrograms of the HF Call Type. Wideband spectrograms of two 

samples of the HF call. Note the high frequency band of insect sounds in the second 

spectrogram. 
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Figure 3-33. Spectrograms of the HC Call Type. Wideband spectrograms of two 

samples of the HC call type. 
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Figure 3-34. Spectrograms of the HG Call Type. Wideband spectrograms of four 

samples of the HG call type: one example of Variant I, one example of Variant 2, and 

two examples of Variant 3. Note the high frequency band of insect sounds in the 

examples of Variant 3. 
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Figure 3-35. Spectrograms of the HK Call Type. Wideband spectrograms of three 

samples of the HK call type. Note the high frequency band of insect sounds in the first 

two examples. 
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Figure 3-36. Spectrograms of the YI Call Type. Wideband spectrograms of four 

samples of the YI call; two examples of Variant 1 and two examples of Variant 2. Note 

the frequency band of insect sounds at approximately 5 - 6 kHz in three of the 

spectrograms. 
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Figure 3-37. Spectrograms of the YP Call Type. Wideband spectrograms of two 

samples of the YP call. 



1 

6 
i 

m 

0 

Wii 

Noise , Qf' 

UJ 



Figu re 3-38. Spectrograms of the YS Call Type. Wideband spectrograms of four 

samples of the YS call. Arrows indicate areas where other various sources of noise, 

animal and environmental sounds, were removed graphically. 
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Figure 3-39. YT Call, a noisy-harmonic call. Wideband spectrograms of two samples 

of the YT call type. Note also the frequency band of insect sounds between 5 and 6 kHz. 
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Figure 3-40. Spectrograms of the YQ Call Type. Wideband spectrograms of four 

samples of the YQ call type: two examples of Variant 1 and two examples of Variant 2. 

Arrows indicate areas where other various sources of noise, animal and environmental 

sounds, were removed graphically. 
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Figure 3-41. Spectrograms of the NZ Call Type. Wideband spectrograms of five 

samples of the NZ call. Note the high frequency band of insect sounds in the three upper 

spectrograms. 
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Figure 3-42. Spectrogram of the NO Call Type. Wideband spectrogram of one sample 

of the NO call. 
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Figure 3-43. Spectrograms of the NS Call Type. Wideband spectrograms of five 

samples of the NS call: three samples of Variant 1 and two samples of Variant 2. Note 

the frequency band of insect sounds at approximately 5.3 - 6.1 kHz in Variant 2 

spectrograms. 
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Figure 3-44. Waveform and Spectrogram of the NG Call Type. Waveform and 

wideband spectrogram of one sample of the NG call. 
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Figure 3-45. Waveform and Spectrogram of the NC Call Type. Waveform and 

wideband spectrogram of one sample of the NC call. 
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Figure 3-46. A Comparison of the NG and NC Call Types. Wideband spectrograms 

of two samples: an example of (1) one short and one long burst of the NG call, or Growl, 

and (2) an example of three bursts of the NC call, or Scream: the first burst =1.1 

seconds, the second burst = 0.7 second, and the third burst = 1 second. Parrot A 

produced the three bursts in sequence as components of a duet Parrot B also produced 

three calls in sequence as components of the duet; a TH call, a TY call, and an HN call. 
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Table 3-1. Acoustic Call Types. Displays the acoustic call types for each of four 

acoustic classes. The tonal call class (indicated by a label whose first letter is "T") 

comprises 18 acoustic types. The harmonic class (indicated by a label whose first letter 

is "H") comprises 11 acoustic types. The noisy-harmonic calls (indicated by a label 

whose first letter is "Y", from 'hybrid') comprises 5 acoustic types. The noisy call class 

(indicated by a label whose first letter is "N") comprises 5 acoustic types. 
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Table 3-1. Acoustic Call Types 

Tonal Class Harmonic Class Noisy-Harmonic Class Noisy Class 
TL HR YI NZ 
TY HL YP NO 
TR HN YS NS 
TB HA YT NG 
TA HD YO NC 
TD HM 
TM HO 
TE HF 
TX HC 
TS HG 
TG HK 
TP 
TV 
TO 
TC 
TH 
TU 
TT 
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Table 3-2. Seven Acoustic Characteristics of Tonal Call Types. The first column 
indicates the call type and, when applicable, the variant. The second column indicates 
the number of measured samples. The third column indicates the distribution of the 
median frequency. The fourth column is the distribution of the fundamental frequency 
range. The fifth column indicates the number of direction changes or the number of 
times that the contour changes direction. The sixth column indicates the contour shape, 
or a description of the overall shape of the contour where: H = horizontal, little or no 
change in frequency over time; D = downward, frequency decreases over time; UP = 
upward, frequency increases over time; HL = horizontal line; DI = downward 
inconsistently, DL = downward line; DC = downward concave curve; DH = downward 
horizontal, contour decreases and then forms horizontal line; DA = downward asymptote, 
contour decreases and then forms a vertical asymptote; DCT = downward concave curve 
with a tail, as in TH variant 1; DCI == downward curve interrupted, as in variant 3 of TH; 
CXA = circumflex A, where the overall shape rises and then falls slightly; CXB = 
circumflex B, where the overall shape rises and then falls with significant frequency 
modulation; CV = concave, where the overall shape falls and then rises; M = shaped like 
two shallow hills or like a flattened letter "M"; S = an "s" curve; U = shaped like the 
letter "U"; V+ = begins with a shaped like the letter "V"; UA = upward asymptote, where 
the shape rises and then forms an asymptote; AU = asymptote upward, where the shape 
begins with an asymptote and then rises. The seventh column indicates the overall 
duration of the call to the nearest 0.1 second. The eighth column indicates onset type, 
which refers to the characteristic of call onset. The last column indicates the relative 
amplitude, which refers to the perceived relative loudness among call types. 
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Type/ 
Van n Median 

(kHz) 
Range 
(kHz) 

# Dir 
Cliaiiges 

Contour 
Shape 

Dur. 
(sec) 

Onset 
Type 

Rel. 
Amp. 

TL 7 0.7-0.8 0-0.2 0 HL 0.2-0.3 diffuse/ 
abruDt 

low 

TYvl 6 1.1-1.5 0-0.1 0 HL 0.5-1.2 diffiise mod 
TYv2 4 0.9-1.2 0.2-0.3 0 DL 0.3-1.2 diffuse mod 
TRvl 6 0.9-1.0 0.1-0.5 seg. = l UP <0.1 abrupt low 
TRv2 8 1.0-1.3 0.1-0.6 seg. = 1 D <0.1 abrupt low 
TRv3 5 0.8-1.3 0-<0.l seg. = 1 H <0.1 abrupt low 
TBvl 8 0.9-1.0 0.5-0.7 2 S 0.1-0.2 diflise low 
TBv2 4 0.9-1.0 0.6-0.7 2 s 0.3 diffuse low 
TA 4 0.9-1.0 0.5-0.7 3 M 0.3-0.4 diffuse low 

TDvl 8 0.9-1.5 0.3-1.0 1-2 CXA, S, 
UA 

0.3-0.6 diffuse/ 
abrupt mod 

TDv2 5 1.0-1.3 0.3-0.6 2-4 S,UL 0.3-0.5 diffuse/ 
mod 

TMvl 6 1.2-1.6 0.7-1.3 3-4 V+ 0.3-0.5 diffuse/ 
abrupt 

mod 

TMv2 5 1.3-1.7 0.9-1.2 2-4 V+ 0.2-0.3 diffiise/ 
abrupt mod 

TEvl 6 1.4-1.8 0.8-1.9 0 DC 0.2-0.5 diffiise mod 
TEv2 5 1.5-2.1 0.5-1.6 1-2 U 0.2-0.3 diffuse mod 
TXvl 6 1.3-1.5 0.8-1.6 2-5 CXB 0.3 diffuse mod 

TXv2 8 1.4-2.1 0.7-1.4 3-5 CXB 0.3-0.7 diffuse/ 
abrupt mod 

TS 3 1.8-2.2 0.5-1.2 2-3 cv 0.3 diffuse mod 
TG 3 2.4-2.5 0.7-0.8 0 UA 0.2-0.3 abrupt mod 

TP 7 2.2-2.8 0.4-1.7 0 AU 0.3-0.4 diffixse/ 
abrupt mod 

TVvl 9 2.0-2.8 1.8-2.3 2-5 V+ 0.3-0.4 abrupt mod-hi 
TVv2 10 2.9-4.0 2.1-4.0 2-5 v+ 0.2-0.3 abrupt mod-hi 

TQ 13 2.9-4.9 0.8-2.8 0-1 DI, DL, 
DHL DA 

<0.1-0.2 abrupt mod-hi 

TC 8 3.2-5.7 0.1-0.3 0 RHL <0.1-0.2 abrupt mod 

THvl 8 3.0-4.5 3.5-6.0 0 DCT 0.4-0.8 diffuse'/ 
abrupt 

high-
V. high 

THv2 7 4.4-5.7 3.3-4.7 0-1 DC 0.2-0.8 diffuse'/ 
abrupt 

high -
V. high 

THv3 7 3.8-5.0 3.4-4.4 2-3 DCI 0.3-0.5 diffuse'/ 
abrupt 

high -
V. high 

TIJ 10 6.0-6.7 0.8-1.8 1 U 0.2-0.5 diffuse'/ 
abrupt 

mod-hi 

TTvl 5 5.5-6.2 1.5-3.0 0 DL <0.1-0.2 diffuse'/ 
abrupt 

mod-hi 

TTv2 4 5.0-6.0 1.5-3.3 1 DC 0.2-0.4 diffuse'/ 
abrupt 

mod-hi 
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Table 3-3. The Number of Printed Samples of Tonal Calls. This table displays 

the number of printed samples in each tonal call category and, where applicable, the 

number in each wi thin-category variant. The term "Other" indicates samples that I 

included in the category only with some degree of uncertainty. 



Table 3-3. The Number of Printed Samples of Tonal Calls 

Call Variant 1 Variant 2 Variant 3 Other Total 
TL 14 _ _ 1 15 
TY 14 9 3 26 
TR 57 20 5 82 
TB 13 4 5 22 
TA 4 « 1 5 
TD 55 26 _ 63 144 
TM 6 5 _ 5 16 
TE 9 5 0 3 17 
TX 6 9 _ 1 16 
TS 3 > 5 8 
TG 5 - _ 5 
TP 11 > _ 8 19 
TV 31 22 _ 2 55 
TQ 50 - - - 50 
TC 21 - - 16 37 
TH 82 58 32 2 174 
TU 22 _ 2 24 
TT 27 20 10 57 

Total 772 
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Table 3-4. Tonal Call Types According to Recording Location. This table displays 

call types according to the location and year of recording. DZ = Dzanga; BO = Bolou; 

DJ = Djangue; Captive = wild-caught individuals in a cage. 
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Table 3-4. Tonal Call Types According to Recording Location 

DZ 
Bai 

1995 

BO 
Bai 

1997 

BO 
Bai 

1999 

DJ 
Bai 

1999 

DZ 
Nest 1 
1995 

BO 
Nestl 
1997 

BO 
Nest 2 
1997 

BO 
For. 
Tree 
1997 

BO 
Pre-
roost 
1997 

BO 
Pre-
roost 
1999 

BO 
Captive 

1997 

TL X X X X.D X-?. D X X X 

TY X X x,D X X X X 

TR X X X X X X X X 

TB X X X X X D X 

TA X-? X X x X. D-? X 

TD X X X X.D X-?. D X X X X 

TM X X X-? D-? X 

TE X-? X X X X X-?, D x X X 

TX X X X x,D D-? X X-? 

TS X-? X X D-? X-? X X-? 

TG X x-?.D X-?. D-? X-? X-? 

TP X X X X X X-? X X 

TV X X X X X,P D-? X X-? X 

TQ X-? X X X-? X X X common 

TC X-? X X X X X X X X X 

TH X X X X x,D x-?.D X X X X X 

TU X-? X X X X X one 

TT X-? X X x,D x-?.D X X X X X-? 

x: indicates at least one sample of this call type, produced in a discrete manner, 
was recorded in this location 

D: indicates at least one sample of this call type, produced in a duet, 

was recorded in this location 
X-?; indicates, with some uncertainly, at least one sample of this call type, 

produced in a discrete manner, was recorded in this location 

D-?: indicates, with some uncertainty, at least one sample of this call type, 

produced in a duet was recorded in this location 

common: indicates numerous samples (>10) were recorded in this location 

one: indicates only one sample of this call type, produced in a discrete manner, 

was recorded in this location 
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Table 3-5. Frequency Components of Harmonic Call Types. This table displays the 

number of frequency components, or bands, and, where applicable, how these change 

over time. The second column displays the number, n, of samples measured. The third 

column displays the number of frequency bands in the first part of the call. Bands 1st 

Part. The fourth column displays the number of frequency bands in the second part of 

the call. Bands 2nd Part, if applicable. The fifth column displays the number of 

frequency bands in the third part of the call. Bands 3rd Part, if applicable. The sixth 

column displays the number of frequency bands in the fourth part of the call. Bands 4th 

Part, if applicable. The seventh column displays the number of frequency bands in the 

fifth part of the call, Bands 4th Part, if applicable. The last column displays the number 

of occasions in which the distribution (i.e., number) of Frequency Band changes over 

time. 



Table 3-5. Frequency Components of Harmonic Call Types 

Call 
Type 

n 
Bands 

1st 
Part 

Bands 
2nd 
Part 

Bands 
3rd 
Part 

Bands 
4th 

Part 

Bands 
5th 

Part 

Frequency 
Band 

Changes 

HR 7 2 N/A N/A N/A N/A 0 

HL 8 2+ N/A N/A N/A N/A 0 

HNvl 9 2-3 N/A N/A N/A N/A 0 

HNv2 6 2-3 N/A N/A N/A N/A 0 

HNv3 9 2-3 N/A N/A N/A N/A 0 

HAvl 6 3-4 0,3 N/A N/A N/A 1 

HAv2 6 3-4 N/A N/A N/A N/A 0 

HD 5 4-6 N/A N/A N/A N/A 0 

HM 3 1 2 2 N/A N/A 2 

HO 5 0,3 0,2 1 2 N/A 2-3 

HF 5 3 4,2 3 N/A N/A 2 

HC 6 2-4 2 2-3 N/A N/A 2 

HG 5 0,2 0,2 1 2 1 2-4 

HK 4 3-4 1-2 1-2 2-3 N/A 3 
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Table 3-6. Six Acoustic Characteristics of Harmonic Call Types. This table 

summarizes six properties of harmonic call types. The first column displays the call type 

or variant. The second column displays the number, n, of samples measured. The third 

column displays the distribution of frequency range. The fourth column displays the 

median frequency. The fifth column displays the overall duration of the call to the 

nearest 0.1 second. The sixth column displays the onset type, which refers to the 

characteristic of call onset. The seventh column displays the relative amplitude, which 

refers to the perceived relative loudness among call types. The last column displays a 

one-word description of the general timbre, which refers to the subjective sound quality 

of the call. 
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Table 3-6. Six Acoustic Characteristics of Harmonic Call Types 

Call 
Type 

n 
Frequency 

Range 
(kHz) 

Median 
Frequency 

(kHz) 

Duration 
(seconds) 

Onset Type 
Relative 

Amplitude 
General 
Timbre 

HR 7 1.5-1.8 1.8-2.0 0.1-0.2 diffuse/abrupt low raspy 

HL 8 1.3- 1.8> 1.7-2.0' 0.2-0.5 diffuse/abrupt moderate tonal 

HNvl 9 4.5-5.P 4.0 - 4.52 0.2 - 0.3 diffuse/abrupt moderate squeaky 

HNv2 6 5.1-5.92 4.4 - 4.82 0.3 - 0.5 diffuse/abrupt moderate squeaky 

HNv3 9 5.5 - 8' 4.6 - 6.2' 0.1 -0.3 diffuse/abrupt moderate squeaky 

HAvl 6 3.6-4.5- 2.5 - 3.22 0.1 -0.2 abrupt moderate reedy 

HAv2 6 5.1-6.52 4.1-4.62 0.2 - 0.3 abrupt moderate reedy 

HD 5 2.7-3.4 2.8-3.2 >0.1-0.3 diffuse/abrupt low dense 

HM 3 

00 1 
in 3.4-4.6 0.2 diffuse moderate complex 

HO 5 3.1-5.2' 3.4 - 4.3^ >0.1-0.2 diffuse/abrupt moderate complex 

HF 5 4.5 - 4.9* 3 - 3.2* 0.2 - 0.3 diffuse/abrupt moderate complex 

HC 6 3.0-3.8 2.3-3 -0.2 diffuse moderate complex 

HG 5 3.1-4 '  3.6 - 3.9' 0.1-0.3 abrupt moderate complex 

HK 4 3.9 - 4.4' 3.5 -3.8' -0.2 abrupt moderate complex 

' Measurement based on 2 lower dominant frequency bands 
^ Measurement based on 3 lower dominant frequency bands 
' Measurement based on samples with two introductory bands 
^ Measurement based on 4 lower frequency bands 
' Measurement excludes first portion of variant 1 
® Measurement excludes 4th (uppermost) frequency band, when present 



Table 3-7. The Number of Printed Samples of Harmonic Calls. This table displays 

the number of printed samples in each harmonic call category and, where applicable, the 

number in each within-category variant 
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Table 3-7. The Number of Printed Samples of Harmonic Calls 

Variant 1 Variant 2 Variant 3 Other Total 
HR 31 - _ 31 
HL 23 _ 19 42 
HN 17 8 25 44 94 
HA 11 8 19 38 
HD 9 _ - 9 
HM 3 _ 1 4 
HO 9 2 1 11 23 
HF 5 _ 2 7 
HC 9 _ _ 1 10 
HG 8 2 4 4 18 
HK 7 - 1 8 

Total 284 



Table 3-8. Harmonic Call Types According to Recording Location. This table 

displays harmonic call types according to the location and year of recording. DZ = 

Dzanga; BO = Bolou; DJ = Djangue; Captive = wild-caught individuals in a cage. 
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Table 3-8. Harmonic Calls According to Recording Location 

DZ 
Bai 

1995 

BO 
Bai 

1997 

BO 
Bai 

1999 

DJ 
Bai 

1999 

DZ 
Nestl 
1995 

BO 
Nestl 
1997 

BO 
Nest 2 
1997 

BO 
For. 
Tree 
1997 

BO 
Pre-
roost 
1997 

BO 
Pre-
roost 
1999 

BO 
Captive 

1997 

HR X X X X X. D X-? X 

HL X X X X-? X X 

HN X X X X X. D D X X X X 

HA X-? X X X X-? X X-? 

HD X X X X X X 

HM X-? X X-? X-? 

HO X X X X X-? X-? X rare 

HF X D X 

HC X-? X X X X-? 

HG X X X X 

HK X-? X X X-? 

x; indicates at least one sample of this call type, produced in a discrete manner, 
was recorded in this location 

D: indicates at least one sample of this call type, produced in a duet, 

was recorded in this location 

X-?: indicates, with some uncertainly, at least one sample of this call type, 

produced in a discrete manner, was recorded in this location 

D-?: indicates, with some uncertainty, at least one sample of this call type, 

produced in a duet, was recorded in this location 

rare: indicates that only a few samples were recorded in this location 
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Table 3-9. Frequency Components of Noisy-harmonic Call Types. This table 

displays the number of frequency components, or bands, and, where applicable, how 

these change over time. The second column displays the number, n, of samples 

measured. The third column displays the number of frequency bands in the first part of 

the call. Bands 1st Part. The fourth column displays the number of frequency bands in 

the second part of the call. Bands 2nd Part, if applicable. The last column displays the 
/ 

number of occasions in which the distribution (i.e., number) of Frequency Band 

changes over time. 



Table 3-9. Frequency Components of Noisy-harmonic Call Types 

Call 
Type 

n 
Bands 

1st 
Part 

Bands 
2nd 
Part 

Frequency 
Band 

Changes 

YIVl 6 1-2 N/A 0 

YIV2 4 1-2 N/A 0 

YP 9 1-2 N/A 0 

YS 12 2-3 N/A 0 

YT 5 1 2 1 

YQvl 5 0,1 2 0-1 
YQv2 3 1 3 1 
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Table 3-10. Seven Acoustic Characteristics of Noisy-harmonic Call Types. This 

table summarizes seven acoustic characteristics of noisy-harmonic call types. The 

second column indicates the number of samples measured. The third column displays 

the bandwidth of noisy elements. The fourth column displays the distribution of 

frequency range. The fifth column displays the distribution of median frequency. The 

sixth column displays the distribution of overall duration of the call to the nearest 0.1 

second. The seventh column displays the onset type, which refers to the characteristic of 

call onset. The eighth column is the relative amplitude, which refers to perceived 

relative loudness among call types. The last column is the general timbre, which refers 

to the subjective sound quality of the call. 



Table 3-10. Seven Acoustic Characteristics of Noisy-harmonic Call Typ« 

Call 
Type 

n 

Noisy 
Element 

Bandwidth 
(kH^) 

Frequency 
Mange 
(kHz) 

Median 
Frequency 

(kHz) 

Duration 
(seconds) 

Onset 
Type 

Relative 
Amplitude 

General 
Timbre 

YIvl 6 2-2.5 2-2.5 2.3-2.5 <0.1 abrupt low plucked string 
YIv2 4 2.9-3.4 2.9 - 3.4 2.3-2.7 <0.1 abrupt low percussive 

YP 9 3.5-5.0 3.5-5.0 4.0 - 5.0 <0.1 abrupt moderate percussive 

YS 12 0.2 - 2.0' 2.9 - 4.9^ 3.9 - 4.7^ 0.2 - 0.3 abrupt high shrieky 

YT 5 2.5 - 5.0 3.9-5.5 4.2-4.8 <0.1 abrupt moderate percussive 

YQvl 5 1.0-2.2^ 3.0-3.3 3.8-4.2 0.2 - 0.3 abrupt moderate percussive 

Y0v2 3 0.9-1.4' 2.8-3.8 4.0 0.3 abrupt moderate percussive 

' range of frequency band 

 ̂excludes uppermost (3rd) band when present 

 ̂lowest band only 



Table 3-11, The Number of Printed Samples of Noisy-harmonic Calls. This table 

displays the number of printed samples in each noisy-harmonic call category and, where 

applicable, the number in each within-category variant. The term "Other" indicates 

samples that I included in the category only with some degree of uncertainty. 
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Table 3-11. The Number of Printed Samples of Noisy-harmonic Calls 

Variant 1 Variant 2 Variant 3 Other Total 

YI 6 10 a. « 16 

YP 26 22 48 

YS 48 20 68 

YT 7 n. 5 12 

YQ 4 3 2 9 

Total 153 
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Table 3-12. Noisy-harmonic Call Types According to Recording Location. This 

table displays harmonic call types according to the location and year of recording. DZ = 

Dzanga; BO = Bolou; DJ = Djangue; Captive = wild-caught individuals in a cage. 
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Table 3-12. Noisy-harmonic Call Types According to Recording Location 

DZ 
Bai 

1995 

BO 
Bai 

1997 

BO 
Bai 

1999 

DJ 
Bai 

1999 

DZ 
Nestl 
1995 

BO 
Nestl 
1997 

BO 
Nest 2 
1997 

BO 
For. 
Tree 
1997 

BO 
Pre-
roost 
1997 

BO 
Pre-
roost 
1999 

BO 
Captive 

1997 

YI X-? X X X X X 

YP X-? X X X X X-? X X X X 

YS X X X X X X X X 

YT X X-? X X X-? X-? X X 

YQ X X X-? X-? 

x; indicates at least one sample of this call type, produced in a discrete maimer, 
was recorded in this location 

X-?: indicates, with some uncertainly, at least one sample of this call tj^e, 

produced in a discrete manner, was recorded in this location 
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Table 3-13. Six Acoustic Characteristics of Noisy Call Types. This table summarizes 

six properties of noisy call types. The second column displays the number of samples 

measured. The third column displays the frequency range. The fourth column displays 

the median frequency. The fifth column displays the overall duration of the call to the 

nearest 0.1 second. The sixth column displays the onset type, which refers to the 

characteristic of call onset. The seventh column displays the relative amplitude, which 

refers to perceived relative loudness among call types. The last column displays a 

description of the general timbre or sound quality of the call. 
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Table 3-13. Six Acoustic Characteristics of Noisy Call Types 

Call 
Type 

n 
Frequency 

Mange 
(kHz) 

Median 
Frequency 

(kHz) 

Duration 
(seconds) 

Onset 
Type 

Relative 
Amplitude 

General 
Timbre 

NZ 12 3.8-5.7 3.9 - 5.0 0.1-0.3 abrupt moderate zip 

NO 1 5.0 2.8 <0.1 abrupt low soft squawk 

NSvl 8 4.5-6.5 3-3.9 0.2 - 0.3 abrupt high squawk 

NSv2 8 4,0 - 5.0 2.8-3.8 0.1-0.4 abrupt high squawk 

NG 4 5.3-5.5 2.9-3.0 2.6 - >3.5' abrupt moderate growl 

NC T 5.4 - 6.7 3.7-4.3 0.5- LP abrupt V. high scream 

' one burst 

 ̂four successive bursts from one individual and three successive bursts from another individual 
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Table 3-14. The Number of Printed Samples of Noisy Calls. This table displays the 

number of printed samples in each noisy call category and, where applicable, the number 

in each within-category variant. The term "Other" indicates samples that 1 included in 

the category only with some degree of uncertainty. 
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Table 3-14. The Number of Printed Samples of Noisy Calls 

Variant 1 Variant 2 Variant 3 Other Total 
NZ 44 _ _ 44 
NO 1 _ » 1 
NS 28 31 - 2 61 
NG 4 » 4' 
NC 7 _ _ T-

Total 117 

' Produced consecutively by one individual 

'• Four successive samples from one individual and three succesive samples from another individual 



Table 3-15. Noisy Call Types According to Recording Location. This table displays 

noisy call types according to the location and year of recording. DZ = Dzanga; BO = 

Bolou; DJ = Djangue; Captive = wild-caught individuals in a cage. 
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Table 3-15. Noisy Call Types According to Recording Location 

DZ 
Bai 
1995 

BO 
Bai 

1997 

BO 
Bai 

1999 

DJ 
Bai 

1999 

DZ 
Nestl 
1995 

BO 
Nest 1 
1997 

BO 
Nestl 
1997 

BO 
For. 
Tree 
1997 

BO 
Pre-
roost 
1997 

BO 
Pre-
roost 
1999 

BO 
Captive 

1997 

NZ X X X X X X X X 

NO X-? X-? X 

NS X X X X X. D D X X X 

NG x' 

NC X X X D' 

x; indicates at least one sample of this call type, produced in a discrete manner, 
was recorded in this location 

D; indicates at least one sample of this call type, produced in a duet, 

was recorded in this location 

X-?: indicates, with some uncertainly, at least one sample of this call type, 

produced in a discrete mmner, was recorded in this location 

' Parrot alone in small cage 

 ̂Parrot perched on rim of cavity of a tree located near Dzanga Nest 1 
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CHAPTER 4. APPLICATION OF THE VOCAL CATALOGUE 

To examine the reliability of the vocal catalogue and its usefulness for the study of 

Grey Parrot communication, I conducted two tests in which observers used the catalogue 

to categorize sample spectrograms of Grey Parrot calls. 

Test 1; Visual Classification 

Materials 

I prepared the first reliability test in the following way. First, I selected one or two 

high-quality spectrograms as exemplars for each defined call type or within-call-type 

variant in which I had a total of at least five samples (see Chapter 3). These exemplars 

represent 48 categories, that is, all categories in the catalogue except for call types TA, 

TS, TG, HM, NO, NG, and NC, each of which had too small of a sample size (n < 5) to 

be included. Also due to a small sample size, I ignored the division between the within-

call-type variants of the TB call, and randomly selected a total of only four TB samples. 

Second, I attached exemplars to a page with catalogue definitions, except without 

information regarding the onset and overall amplitude. Third, I used a random number 

table to select four other relatively high-quality spectrogram samples from each of the 48 

categories; printed on each spectrogram was a frequency grid at 1 kHz increments. 

Fourth, I used a random number table to label each of 192 sample spectrograms with a 

unique number from 1 to 192 and then sorted these into numerical order. 
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Procedure 

The observer already had extensive experience in the spectrographic analysis of both 

human speech and the mimicked speech of a captive Grey Parrot [D. Patterson, Dept. of 

Psychology, University of Arizona, Tucson], I provided the observer with the above 

described materials, a transparency printed with a time grid of 0.1 second increments, 

and a brief description of the organization of the catalogue. I asked the observer to 

visually match each sample to one category by comparing the sample to the category 

description and the exemplar(s). 

Results 

Overall agreement for all 48 categories was 64.1% (123/192). With variants lumped 

together, overall agreement for 32 call type categories was 73.4% (141/192). Overall 

agreement for four call classes was 95.3% (183/192); 98.1% (102/104) for the tonal call 

class, 94.2% (49/52) for the harmonic call class, 87.5% (21/24) for the noisy-harmonic 

call class, and 91.7% (11/12) for the noisy call class. 

Tables 4-1,4-2,4-3, and 4-4 display confusion matrices of the results for tonal calls. 

Among the TL, TYvl, and TYv2 call categories (Table 4-1), disagreement occurred for 4 

of 12 samples. Among the TRvl, TRv2, and TRv3, disagreement occurred between the 

TRvl and TRv3 categories for 1 of 12 samples (Table 4-1). Among the TB, TDvl, 

TDv2, TMvl, TMv2, and TP categories (Table 4-2), disagreement among the TDvl, 

TDv2, TMvl, TMv2, and TP occurred for 6 of 24 samples; the observer also labeled one 

TDv2 sample as TYvl and one TMv2 sample as TEvl. Among the TEvl, TEv2, TXvl, 
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and TXv2 categories (Table 4-3), disagreement occurred for 1 of 16 samples between the 

TEv2 and TXvl and for 2 of 16 samples between the TXvl and TXv2 categories. 

Among the TVvi, TVv2, TQ, TC, THvl, THv2, THv3, TU, TTvl, and TTv2 categories 

(Table 4-4), disagreement occurred for 16 of 40 samples. The observer also labeled one 

TVv2 sample as HO and one TTvl sample as NZ; these are the only tonal call samples 

that the observer labeled as a different class. 

Tables 4-5,4-6,4-7, and 4-8 display confusion matrices of the results for harmonic, 

noisy-harmonic, and noisy calls. Between the HR and HD call categories, no 

disagreement occurred for 8 samples (Table 4-5). Among the HL, HNvl, HNv2, HNvB, 

and YS categories, disagreement occurred for 7 of 20 samples (Table 4-5). The observer 

also labeled one HNvl sample as TC. Among the HAvl, HAv2, HO, HF, HC, HG and 

HK categories, disagreement occurred for 9 of 24 samples (Table 4-6). The observer 

also labeled one HAvl and one HAv2 sample as HNv3, one HO sample as NSvl, and 

one HG sample as TYvl. Among the Ylvl, YIv2, and YQ categories, disagreement 

occurred for 4 of 12 samples: between the YIv 1 and Ylv2 categories and between the YQ 

and Ylvl categories (Table 4-7). The observer also labeled one Ylv2 sample as YP. 

Between the YP and YT categories, disagreement occurred for 4 of 8 samples (Table 4-

7). The observer also labeled one YT sample as HC. Among the NZ, NSvl, and NSv2 

call categories, disagreement occurred for 3 of 12 samples between the NSvl and NSv2 

categories. The observer also labeled one NSv2 sample as YS. With regard to 

disagreement among classes only, the observer labeled three harmonic samples (Tables 

4-5 and 4-6), four noisy-harmonic samples (Tables 4-5 and 4-7), and one noisy sample as 
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a different class (Table 4-8). 

Examining the strength of the catalogue's categorical boundaries required that each 

category have a larger sample size and therefore I lumped within-call-type variants and 

call types to form super-categories (Figures 4-1 and 4-2). Overall agreement for all 12 

super-categories was 92.2% (177/192): 93.3% agreement (97/104) within the tonal call 

class, 90.8% (69/76) within the harmonic and the noisy-harmonic call classes combined, 

and 91.7% (11/12) for the noisy call class. 

Tables 4-9 and 4-10 display confusion matrices of the results for call super-

categories. Among the tonal call super-categories, disagreement occurred for 6 of 104 

samples (Table 4-9); once between the TL Y and TBDMP categories, once between the 

TBDMP and TEX categories, and four times between the TVQUT and TH categories. 

As a consequence of the formation of super-categories, the observer also labeled one 

TVQUT (previously TVv2) sample as HAOFCGK (previously HO) and one TVQUT 

sample (previously TTvl) as NZS (previously NZ). Among the harmonic and noisy-

harmonic call super-categories, disagreement occurred for 5 of 76 samples (Table 4-10): 

twice between the HLN/YS and HAOFCGK categories, once between the HAOFCGK 

and NZS categories, and once between the YIQ and YPT categories. As a consequence 

of the formation of super-categories, the observer also labeled one HLN/YS sample 

(previously HNvl) as TVCQUT (previously TC) and one HAOFCGK sample 

(previously HG) as TLY (previously TYvl). Among the noisy call super-categories, 

disagreement occurred for 1 of 12 samples, between the NZS and HLN/YS categories 

(Table 4-10). 
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Discussion 

Visual sorting of spectrograms showed reliability that varied with the level of 

categorization. At the level of within-call variants, visual sorting was the lowest and 

only marginally reliable, at 64.1% agreement. At the level of call types, visual sorting 

was more reliable, at 73.4% agreement. At the level of special call super-categories, 

visual sorting was highly reliable, at 92.2%. Finally, at the level of call class, visual 

sorting was highest, at 95.3% agreement. 

The relationship between observer reliability and the level of categorization is 

consistent with some aspects of the development of the catalogue. For example, during 

acoustic analysis, assignment of a spectrogram to a call class often preceded assignment 

to a call type. Often I applied temporary labels to spectrograms to indicate both an 

unknown call type and a known call class. Too, 1 frequently reassigned samples to 

different call types or variants whereas I rarely reassigned samples to a different call 

class. Similarly, Observer I's agreement was much higher among call classes than 

among call types (>20%) or variants ( >30%). Another example of consistency between 

catalogue development and this reliability test is the addition of a fourth call class, the 

noisy-harmonic call class. Only late in the development of the catalogue did I add the 

noisy-harmonic call class to accommodate those vocalizations that appeared to have both 

harmonic and noisy acoustic characteristics; these vocalizations previously belonged to 

the harmonic call class. Consistent with the late addition of the noisy-harmonic class. 

Observer 1 showed higher across-class disagreement for the noisy-harmonic class. 
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indicating more blurring of boundaries between the noisy-harmonic class and other 

classes (i.e., the harmonic class) than boundaries among the tonal, harmonic, and noisy 

classes. Specifically, Observer I's lack of distinction between the YS (noisy-harmonic 

class) and HN (harmonic class) categories (see Table 4-5) is similar to my own lack of 

distinction during early development of the catalogue. I not only had classified the YS 

category in the harmonic class (then labeled "HS") but, occasionally, I also experienced 

difficulty in assigning a sample to either the YS or HN category. Most often, listening to 

these samples enabled me to better decide upon a single category because some samples 

clearly had a noisy timbre or quality (as in YS) whereas others did not (as in HN). 

Agreement in the first reliability test may have increased if the observer had had the 

opportunity to listen to the samples because the timbre is more salient to the human ear 

than in spectrograms. Furthermore, it is possible that the low agreement for the noisy-

harmonic class as a whole is primarily the result of low agreement for the YS call; the 

results suggest that this call type belongs to the harmonic rather than the noisy-harmonic 

class. If so, then the noisy-harmonic class is a valid distinction. Note too that the 

observer's experience with Grey Parrot vocalizations was primarily their production of 

human speech rather than their natural calls; possibly someone more familiar with natural 

avian vocal behavior might have more closely classified the calls within my categories. 

Observer I's disagreement among some categories is also consistent with a 

general trend during the development of the catalogue: the addition and subdivision of 

categories. For example, early in the development process I had established a TL and a 

TD category but not yet a TY category; thus some samples that only later I had moved to 
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the TY category had previously belonged either to the TD or TL call category. 

Furthermore, during the latter stages of catalogue development (when I had digitized and 

printed an increasing number of spectrograms), I subdivided further the TY and TD call 

type categories into variants. Observer I's disagreement among the TL, TY, and TD 

categories corresponds to earlier, broader categories; Observer 1 placed a TYvl and a 

TYv2 sample into the TL category, a TDv2 sample into the TYvl category, a TL sample 

into the TYv2 category, and a TYvl into the TYv2 (see Table 4-1). In the case of the 

TYv2 sample that the observer placed into the TL category, the sample has a very flat 

contour, more so than at least some other TYv2 samples (especially those samples 

included in the test); this sample also has a median frequency of -0.95 kHz, near the 

lower boundary of the T Yv2 category and only slightly above the upper boundary of the 

defined median frequency of the TL category. The observer could have identified the 

sample as most similar to TL because of its relatively flat contour and, without use of the 

frequency grid, the observer could have estimated the median frequency at 0.8 kHz. 

However, the contour shape differs from the defined TL contour shape because the 

frequency descends by -0.3 kHz, a feature of the TYv2. In the TL category, the 

maximum that the frequency can change is 0.2 kHz, but it never decreases (see Chapter 3 

Table 3-2). Observer 1 may have both de-emphasized contour shape and emphasized 

median frequency when assigning this sample to the TL category. 

Another example of correspondence between the addition/ subdivision of 

categories and Observer I's disagreement is the blurred boundary between the TT and 

TU categories. Whereas I established the TLJ category (having a U-shaped contour) early 
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in the development of the catalogue, I later added the TT category (and even later 

subdivided it into within-call-type variants) because only then had I gathered samples 

with other contour shapes (i.e., DL and DC) and other median frequencies and frequency 

ranges (see Chapter 3 Table 3-2). Interestingly, Observer 1 placed none of the provided 

samples into the TU category. Of the samples that I had defined as TU samples. 

Observer 1 identified three as TTvl and one as TC. This result suggests that the observer 

(1) classified three of the defined TU samples together but interpreted them as having a 

downward line contour (as in TTvl), (2) classified one as having either a horizontal or 

horizontal line contour (as in TC), and (3) classified none as having a U-shaped contour 

(as in TU, where frequency first decreases and then increases). One possible explanation 

is that Observer 1 did not acknowledge the existence of the TU category because she was 

unable to see the U-shaped contour; The high-frequency contour in the spectrograms 

could have been obscured by high-frequency insect buzz. An alternative explanation is 

that Observer 1, as earlier, de-emphasized the importance of contour shape in the 

categorization of these call types. 

An example of a super-category formed on the basis of Observer Ts responses 

that corresponds somewhat to earlier, broader categories is HAOFCGK. Early in 

, catalogue development, I did not differentiate among the HO, HF, HC, HG, and HK 

categories (HM included as well). Similarly, Observer I's disagreement indicated a 

blurring of boundaries among these categories. For example. Observer 1 distributed the 

samples that I defined as HC among the HO, HF, HC, and HG categories. On the data 

sheet, the observer also actually noted that [exemplars from] the HA, HG, and HK 
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categories seem to belong to a single category rather than three separate categories. 

Consistent with this statement. Observer 1 labeled one defined HK sample and one 

defined HAvl sample as HG. However, Observer 1 also labeled four samples as other 

categories: two defined HAv2 samples as HF, one defined HG sample as TYvl, and one 

defined HK sample as HC. If not a consequence of a small sample size, this result—at 

least Observer I's lumping of HA, HG, and HK exemplars—suggests that the differences 

among these categories are not distinguishable through visual inspection of spectrograms 

alone. 

Although small sample size does not permit conclusions regarding the nature of 

variation among within-call-type variants and some call types, Observer I's disagreement 

with defined categories raises the following questions. First, does this catalogue have too 

many categories as a consequence of too much splitting (Marler, 1982)? On the one 

hand, results of this first test are consistent with the assertion that lumping of some 

categories, such as lumping of variants and call types into super-categories formed from 

Observer I's responses, may provide a better description of the vocal repertoire. On the 

other hand, the precision with which Grey Parrots discriminate frequency and duration, 

especially differences in absolute frequency, probably exceeds the precision with which 

the observer was able to these characteristics through brief visual inspection of wide

band spectrograms (in which neither frequency or temporal resolving power are highly 

precise). Psychoacoustical studies show that such precision in birds meets or exceeds 

precision of the sonagraph (Dooling, 1982). Therefore, the assertion that the catalogue 

should have more rather than fewer categories is also plausible. Second, if the vocal 
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catalogue is in fact adequate and appropriate for describing the vocal repertoire, is the 

method of visual inspection of wide-band spectrograms alone an adequate method for 

application of the catalogue? Results suggest that careful measurement of some spectral 

features may better enable an observer to distinguish subtle differences among categories 

and to minimize the effect of individual observer bias when assigning spectrograms to 

categories. Third, is variation among vocalizations primarily (1) graded, or continuous, 

(2) discrete, or discontinuous, or (3) both graded and discrete (Marler, 1967; Green & 

Marler, 1979; Schott, 1975; Beecher, Petersen, Zoloth, Moody, & Stebbins, 1979; 

Morton, 1982; Newman & Goedeking, 1992; Owren, Seyfarth, & Hopp, 1992; Horn & 

Falls, 1996; Hammerschmidt & Fischer, 1998; Gentner & Hulse, 2000; Le Prell, Hauser, 

& Moody, 2002)? Observer I's disagreement is consistent with the assertion that at least 

some Grey Parrot vocalizations show similarity to multiple "categories" because their 

acoustic structure is intermediate between categories. For example, tonal call types TV, 

TQ, TC, TU, and TT show widely distributed disagreement (Table 4-4). Other potential 

examples of graded variation include the HA, HO, HF, HC, HG, HK group and NS 

samples, as also observed during the development of the catalogue (Chapter 3). Too, 

Observer I's agreement is consistent with the assertion that some Grey Parrot 

vocalizations show discrete variation, that is, strong similarity to each other and weak or 

no similarity to other vocalizations. For example. Observer 1 not only placed 12 of 12 

samples in agreement with the defined TR category but also commented on the ease of 

placing these samples into that category. Other potential examples of discrete variation 

include the HR, HD, and NZ categories, at least as observed during the development of 
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the catalogue. In summaiy, both the descriptions in the vocal catalogue and the results of 

this first reliability test indicate that (1) the Grey Parrot vocal repertoire comprises both 

graded and discrete variation and (2) this vocal catalogue can be modified to 

accommodate a description of both types of variation by aggregating categories more 

heavily in some cases (e.g., TVQCUT) and only lightly in other cases (e.g., TR). 
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Test 2: Visual and Quantitative Classification 

The results of the first test indicate that agreement of classification into call types is 

higher than that into variant categories; therefore the objective of this second test was to 

determine whether adding a measurement task would increase agreement in the 

classification of within-call-type variants. 

Materials 

I used the same materials except for the following changes. I used only the subset of 

exemplars and catalogue definitions from Test 1 for call types that comprise two to three 

variants, equal to 29 variant-specific categories and 13 call types. I also used only the 

116 sample spectrograms that correspond to these categories. 

Procedure 

The observer had no previous experience in spectrographic analysis but had 

extensive experience in biochemical and microbiological measurement [D. Martin, 

School of Pharmacy, University of Arizona, Tucson]. I provided the observer with the 

above-described materials, a brief description of the organization of the catalogue, a 

description of the measurement method, a transparency printed with a fiequency grid at 

0.25 kHz increments, and transparency printed with a time grid at 0.1 second increments. 

Before the observer took the test, I trained the observer how to use the grids to measure 
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the spectral properties and call duration of a spectrogram (as in Chapter 2) using several 

samples not included in the test. For the test, I asked the observer to match each sample 

to one category (1) by measuring the spectral properties and call duration of the sample 

and comparing these to the figures listed in the category definitions and (2) by comparing 

the sample to both exemplars and descriptions, i.e., the contour shape or number of 

dominant frequency bands. 

Results 

Overall agreement for 29 categories was 87.9% (102/116). With variants lumped 

together, overall agreement for 13 call type categories was 95.7% (111/116). Overall 

agreement for four call classes was 99.1% (115/116): 98.8% (79/80) for the tonal call 

class, 100% (20/20) for the harmonic call class, 100% (8/8) for the noisy-harmonic call 

class, and 100% (8/8) for the noisy call class. 

Tables 4-11,4-12, and 4-13 display confusion matrices of the results for tonal calls 

for Observer 2 that correspond to matrices presented for Observer 1. Between TYvl and 

TYv2 call categories, disagreement occurred for 1 of 8 samples (Table 4-11). Among the 

TRvl, TRv2, and TRv3 categories, no disagreement occurred for 12 samples (Table 4-

11). Among theTDvl, TDv2, TMvl, and TMv2 categories, no disagreement occurred 

for 16 samples (Table 4-12). Among the TEvl, TEv2, TXvl, and TXv2 categories, 

disagreement occurred for 3 of 16 samples between the TXvl and TXv2 (Table 4-12); 

Observer 2 also labeled one TXvl sample as TRvl. Among the TVvl, TVv2, THvl, 

THv2, THv3, TTvl, and TTv2 categories (Table 4-13), disagreement occurred for 1 of 
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28 samples between the THv2 and THv3 categories, for 1 of 28 samples between the 

TVvl and the TTvl categories, and for 1 of 28 samples between the TVvl and TTv2 

categories. The observer also labeled one TVvl sample as TXvl and one TVvl sample 

as HAvl; the latter is the only tonal call sample that Observer 2 labeled as a different 

class. 

Tables 4-14 and 4-15 display confusion matrices of the results for harmonic, noisy-

harmonic, and noisy calls. Among the HNvl, HNv2, and HNv3 categories, disagreement 

occurred for 1 of 12 samples between HNvl and HNv2 (Table 4-14). Between the HAvl 

and HAv2 categories, disagreement occurred for 1 of 8 samples (Table 4-14). Between 

the Ylvl and YIv2 categories, no disagreement occurred for 8 samples (Table 4-15). 

Between the NSvl and NSv2 categories, disagreement occurred for 2 of 8 samples 

(Table 4-15). Observer 2 labeled no harmonic, noisy-harmonic, or noisy samples as a 

different class. 

Discussion 

The combined test results provide support for the assertion that visual inspection 

combined with basic measurements of printed wide-band spectrograms enable reliable 

application of this vocal catalogue. Application of the 29 within-call-type categories to 

the 116 samples used in both tests. Observer 2's agreement with established categories 

was much higher than Observer I's agreement: 87.9% vs. 62.1%. Similarly, for 13 call 

types (ignoring variants). Observer 2's agreement was again higher; 95.7% vs. 76.7%. 

Too, however, some difference in agreement is potentially attributable to other factors. 
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One factor is that Observer 1 had more samples to categorize and more categories from 

which to choose and therefore Observer 2 had a higher likelihood of agreement by 

chance: 3.4% (1/29) and 7.7% (1/13) vs. Observer I's 2.1% (1/48) and 3.1% (1/32) 

agreement by chance. Two to three percent of the difference in percent agreement 

between Observer 1 and Observer 2 is potentially attributable to chance. Furthermore, 

Observer 2's task was inherently "easier" because Observer 2 had significantly fewer 

variants and call types in the harmonic, noisy-harmonic, and noisy call classes types to 

consider: e.g., five variants and two harmonic call types vs. 13 variants and 10 harmonic 

call types. Finally, Observer 2 never had the opportunity for disagreement in the 

categorization of 12 samples that Observer 1 placed into categories not used in Test 2 

(e.g., an HF sample). In spite of these potential sources for differences between test 1 

and test 2 results, test 2 results indicate that measurement is better than visual inspection 

alone. 

If all samples from test 1 that Observer 1 labeled as categories unavailable in test 2 

are excluded from consideration (i.e., 12 samples noted above). Observer 2's agreement 

with established categories was still higher than Observer I's agreement (out of 104 

samples): 89.4% and 95.2% vs. 69.2% and 85.6%, respectively. A Spearman rank 

correlation test for variant-specific categories between the two observers showed a 

statistically significant correlation, r, = 0.35,0.25 > p < 0.05, however the correlation is 

not strong. This result suggests only a mild correspondence between the tests in relative 

agreement among categories and that other factors, e.g.. Observer I's bias to group 

spectrograms in a particular fashion, contributed to the difference in results. 
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The results of the second reliability test also warrant reconsideration of questions 

raised by the results of the first test. First, the high agreement at the level of call types is 

consistent with the assertion that only in a few cases (i.e., within-call type variants like 

NSvl and NSv2) are categories split too much for the classification of calls according to 

their acoustic characteristics. Second, the measurement of printed wide-band 

spectrograms does indeed enable an observer to distinguish differences among call types 

and thus this catalogue appears adequate for describing this repertoire at this level. 

Third, variation in some call types (e.g., NS) appears graded, whereas variation in others 

(e.g., TR) appears discrete. Finally, only slight modification of this catalogue, i.e., 

lumping of within-call variants combined with addition description of variation where 

needed, would enable this catalogue to accommodate the simultaneous description of 

both discrete and graded variation in the acoustic structure of calls. 

Together, the reliability tests indicate that this vocal catalogue is a reliable if not a 

fully accurate scheme for describing the Grey Parrot vocal repertoire according to the 

acoustic structure of vocalizations. Although the reliability of visual inspection of 

printed spectrograms alone (test 1) was only marginal and moderate at the level of 

within-call-type variants and call types. Observer I's lack of agreement among some of 

these fine-scale distinctions parallels former categories used in the development of the 

catalogue. Furthermore, aggregate categories or super-categories based on Observer I's 

responses showed high reliability; they indicate that the catalogue can be used to describe 

the Grey Parrot vocal repertoire by alternatively lumping fine-scale acoustic categories 

into these 12 aggregate categories. The second reliability test clearly showed high 
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reliability of the catalogue through visual inspection combined with some basic 

measurements; despite Observer 2's lack of experience with spectrographic analysis, the 

observer placed a high percentage of samples into 29 within-call-type variant categories 

and 13 call type categories. Although a more time-intensive process, this method 

appears more reliable the method of visual inspection alone. Multiple measurements 

may better enable the observer to target distinctions, e.g., absolute frequencies, that may 

not be salient to a human but could be salient and significant to Grey Parrots (Beer, 

1982). Too, this method may better direct the observer to target distinctions among 

categories derived from my months of observations of Grey Parrots in their natural 

habitat and numerous hours of bimodal acoustic analysis (simultaneously hearing calls 

and seeing spectrograms); at the same time, this method may minimize the likelihood 

that the observer will target alternative distinctions based on the observer's pre-conceived 

expectations. In summary, the results of the second test suggest that the catalogue 

requires little if any modification at this time: It is currently suitable to describe the 

available data on Grey Parrot vocalizations but also flexible enough to accommodate new 

data. 

Although the manner in which Grey Parrots perceive their own vocalizations is not 

yet known, research suggests that use of this catalogue combined with the measurement 

of spectrograms to describe this repertoire will lead to an understanding of the Grey 

Parrot communication. Categories based on median or center frequency, for example, 

may correspond to the natural categories of Grey Parrots. Both humans and some avian 

species, regardless of whether a signal is produced by a conspecific or allospecific, will 
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categorize the sound they hear by its median frequency ( Loesche, Beecher, & Stoddard, 

1992). Measurement of the frequency range may help tease apart or at least rule out 

possible functions of calls. For example, the range of frequencies that comprise a call 

may indicate its useful or ideal distance between sender and receiver; or call frequencies 

may contrast with (differ from) the frequencies of ambient noise or the auditory 

sensitivity of predators (Pola & Snowdon, 1975; Snowdon & de la Torre, 2002). 

Therefore, one can use this catalogue to develop and test multiple competing hypotheses 

to elucidate the evolution or ecological function of a signal, e.g., habitat characteristics 

vs. ambient noise vs. predator sensitivity (Snowdon & de la Torre, 2002). In turn, these 

studies can be used to modify and further develop this catalogue. 
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Chapter 4 Appendix: Figures and Tables 

Figure 4-1. Lumping of Tonal Call Categories into Super-categories based on 

Observer I's Responses. This figure displays the transformation of within-call-variant 

and call type categories from the tonal call class into super-categories. Super-

categories correspond to Observer I's responses. 



Figure 4-1. Tonal Call Super-categories Based on Observer I's Responses. 
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Figure 4-2. Harmonic, Noisy-harmonic, and Noisy Call Super-categories based on 

Observer I's Responses. This figure displays the transformation of within-call-variant 

and call type categories from the harmonic, noisy-harmonic, and noisy call classes into 

super-categories. Super-categories correspond to Observer I's responses. 
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Figure 4-2. Harmonic, Noisy-harmonic, and Noisy Call Super-categories based on 

Observer I's Responses. 
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Table 4-1. Confusion Matrices of Observer I's Responses to Samples from the XL, 

TY, and TR Call Categories. Categories in the left column represent Observer I's 

responses to spectrogram samples. Bolded numbers along the diagonal represent 

Observer I's agreement with defined categories. 
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Table 4-1. Confusion Matrices of Observer I's Responses to Samples from the TL, 

TY, and TR Call Categories 

TL TYvl TYv2 Tot 

TL 

TYvl 0 

TYv2 

Tot 4 

TRvl TRv2 TRv3 Tot 

TRvl 4 0 1 5 

TRv2 0 4 0 4 

TRv3 0 0 3 3 

Tot 4 4 4 
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Table 4-2. Confusion Matrix of Observer I's Responses to samples from the TB, 

TD, TM, and TP Call Categories. Categories in the left column represent Observer I's 

responses to spectrogram samples. Bolded numbers along the diagonal represent 

Observer I's agreement with defined categories. Observer 1 also labeled two samples as 

categories not shown in the matrix: one TDv2 sample as TYvl and one TMv2 sample as 

TEvl. 
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Table 4-2. Confusion Matrix of Observer I's Responses to samples from the TB, 

TD, TM, and TP Call Categories 

TB TDvl TDv2 TMvl TMv2 TP Tot 

TB 0 0 0 0 0 

TDvl 0 0 0 0 

TDv2 0 0 0 

TMvl 0 0 0 0 0 

TMv2 0 0 0 0 0 0 0 

TP 0 0 0 0 

Tot 3** 4 

* Does not include one sample labeled as TYvl 

** Does not include one sample labeled as TEvl 



268 

Table 4-3. Confusion Matrix of Observer I's Responses to TE and TX Call 

Categories. Categories in the left column represent Observer I's responses to 

spectrogram samples. Bolded numbers along the diagonal represent Observer I's 

agreement with defined categories. 



Table 4-3. Confusion Matrix of Observer I's Responses to TE and TX Call 

Categories 

TEvl TEv2 TXvl TXv2 Tot 

Tot 

0 0 0 

0 1 0 

0 0 

0 0 0 



Table 4-4. Confusion Matrix of Observer I's Responses to samples from the TV, 

TQ, TC, TH, TIJ, and TT Call Categories. Categories in the left column represent 

Observer I's responses to spectrogram samples. Bolded numbers along the diagonal 

represent Observer I's agreement with defined categories. Observer 1 also labeled two 

samples as categories not shown in the matrix; one TVv2 sample as HO and one TTvl 

sample as NZ. 
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Table 4-4. Confusion Matrix of Observer I's Responses to samples from the T¥, 

TQ, TC, TH, TIJ, and TT Call Categories 

TVvl TVv2 TQ TC THvl THv2 THv3 TU TTvl TTv2 Tot 

TVvl 2 0 0 0 0 0 1 0 0 0 3 

TVvl 1 1 0 0 0 0 0 0 0 0 2 

TQ 0 0 3 1 0 0 0 0 0 0 4 

TC 0 0 0 3 0 1 0 1 0 0 5 

THvl 0 0 0 0 4 1 0 0 0 0 5 

THv2 0 1 0 0 0 2 2 0 0 0 5 

lTIv3 0 0 0 0 0 0 1 0 0 1 2 

TIJ 0 0 0 0 0 0 0 0 0 0 0 

TTvl 1 0 1 0 0 0 0 3 3 0 8 

TTv2 0 1 0 0 0 0 0 0 0 3 4 

Tot 4 3* 4 4 4 4 4 4 3** 4 

* Does not include one sample labeled as HO 
** Does not include one sample labeled as NZ 
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Table 4-5. Confusion Matrices of Observer I's Responses to HR, HD, HL, HN, and 

YS Call Categories. Categories in the left column represent Observer I's responses to 

spectrogram samples. Bolded numbers along the diagonal represent Observer I's 

agreement with defined categories. Observer 1 also labeled one sample as a category not 

shown in the matrix: an HNvl sample as TC. 
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Table 4-5. Confusion Matrices of Observer I's Responses to HR, HD, HL, HN, and 

YS Call Categories 

Tot 

HR HD Tot 

HM 

HD 0 

0 

Tot 

HL HNvl HNv2 HNv3 YS Tot 

HL 0 0 0 0 

HNvl 0 0 

HNvl 0 0 

HNv3 0 0 0 

YS 0 0 0 0 0 

*Does not include one sample labeled as TC 
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Table 4-6. Confusion Matrix of Observer I's Responses to samples from the HA, 

HO, HF, HC, HG, and HK Call Categories. Categories in the left column represent 

Observer I's responses to spectrogram samples. Bolded numbers along the diagonal 

represent Observer I's agreement with defined categories. Observer 1 also labeled four 

samples as categories not shown in the matrix: one HAvl sample as HNv3, one HAv2 

sample as HNv3, one HO sample as NSvl, and one HG sample as TYvl. 
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Table 4-6. Confusion Matrix of Observer I's Responses to samples from the HA, 

HO, HF, HC, HG, and HK Call Categories 

HAvl HAv2 HO HF HC HG Tot 

HAvl 0 0 0 0 0 

HAv2 0 0 0 0 0 

HO 0 0 0 0 0 

HF 0 0 0 0 

HC 0 0 0 0 

HG 0 0 

HK 0 0 0 0 0 

Tot 3* 3** 4 J#** 

* Does not include one sample labeled as HNv3 
** Does not include one sample labeled as NSvl 
*** Does not include one sample labeled as TYvl 
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Table 4-7. Confusion Matrices of Observer I's Responses to YI, YQ, YP, and YT 

Call Categories. Categories in the left column represent Observer I's responses to 

spectrogram samples. Bolded numbers along the diagonal represent Observer I's 

agreement with defined categories. Observer 1 also labeled two samples as a categories 

not shown in the matrix: a YIv2 sample as YP and a YT sample as HC. 
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Table 4-7. Confusion Matrices of Observer I's Responses to YI, YQ, YP, and YT 

Call Categories 

YIvl YIv2 YQ Tot 

YIvl 

¥Iv2 

YQ 

Tot 

0 

0 § 

0 

Does not include one sample labeled as YP 

YP YT Tot 

YP 

YT 

Tot 4 3* 

* Does not include one sample labeled as HC 
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Table 4-8. Confusion Matrix of Observer l*s Responses to NZ and NS Call 

Categories. Categories in the left column represent Observer I's responses to 

spectrogram samples. Bolded numbers along the diagonal represent Observer I's 

agreement with defined categories. Observer 1 also labeled one sample as a category not 

shown in the matrix; an NSv2 sample as YS. 
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Table 4-8. Confusion Matrix of Observer I's Responses to NZ and NS Call 

Categories 

NZ NSvl NSv2 Tot 

NSvl 

NSv2 0 

4 0 

0 10 

Tot 4 

Does not include one sample labeled as YS 



280 

Table 4-9. Confusion Matrix of Observer I's Responses to Tonal Call Super-

categories. Categories in the left column represent Observer I's lumped responses to 

spectrogram samples from combined variant or call type categories, Bolded numbers 

along the diagonal represent Observer I's agreement within super-categories. Observer 1 

also labeled two samples as super-categories not shown in the matrix; one TVQUT 

sample as HO and another TVQUT sample as NZ. 
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Table 4-9. Confusion Matrix of Observer I's Responses to Tonal Call Super-

categories 

TLY TR TBDMP TEX TV'QCUT TH Tot 

TLY 

TR 

TBDMP 

TEX 

TVCQUT 

TH 

12 

0 

0 

0 

12 

0 

0 

0 

22 

0 

16 

0 

0 

0 

0 

24 

0 

0 

0 10 

13 

12 

22 

17 

26 

12 

Tot 12 12 24 16 26* 12 

* Does not include one sample (i.e., TVv2) labeled as HAOFCGK (i.e., HO) 
and one sample (i.e., TTvl) labeled as NZS (i.e., NZ) 
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Table 4-10. Confusion Matrix of Observer I's Responses to Harmonic, Noisy-

harmonic, and Noisy Call Super-categories. Categories in the left column represent 

Observer I's lumped responses to spectrogram samples from combined variant or call 

type categories. Bolded numbers along the diagonal represent Observer I's agreement 

within super-categories. Observer 1 also labeled two samples as super-categories not 

shown in the matrix: one HLN/YS sample as TC and one HAOFCGK sample as TY. 
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Table 4-10. Confusion Matrix of Observer I's Responses to Harmonic, Noisy-

harmonic, and Noisy Call Super-categories 

HRD HLN/YS HAOFCGK YIQ YPT NZS Tot 

HMD 

HDLN/YS 

HAOFCGK 

YIQ 

YPT 

NZS 

0 0 0 0 

0 19 0 0 1 22 

0 0 24 0 1 0 25 

0 0 0 11 0 0 11 

0 0 0 1 

0 0 1 0 0 11 12 

Tot 19* 27** 12 8 12 

* Does not include one sample (i.e., HNvl) labeled as TVCQUT (i.e., TC) 
*• Does not include one sample (i.e., HG) labeled as TLY (i.e., TY) 
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Table 4-11. Confusion Matrices of Observer 2's Responses to Samples from the TY 

and TR Call Categories. Categories in the left column represent Observer 2's responses 

to spectrogram samples. Bolded numbers along the diagonal represent Observer 2's 

agreement with defined categories. 
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Table 4-11. Confusion Matrices of Observer 2's Responses to Samples from the TY 

and TR Call Categories 

TYvl TYv2 Tot 

TYvl 

TYvl 

Tot 

4 

0 

4 

1 

3 

4 

5 

3 

TRvl TRv2 TRv3 Tot 

TRvl 4 0 0 4 

TRvl 0 4 0 4 

TRv3 0 0 4 4 

Tot 4 4 4 
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Table 4-12. Confusion Matrices of Observer 2's Responses to samples from the TD, 

TM, TE, and TX Call Categories. Categories in the left column represent Observer 2's 

responses to spectrogram samples. Bolded numbers along the diagonal represent 

Observer 2's agreement with defined categories. Observer 2 also labeled one sample as a 

category not shown in the matrices; a TXvl sample as TRvl. 
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Table 4-12. Confusion Matrices of Observer 2's Responses to samples from the TD, 

TM, TE, and TX Call Categories 

TDvl TDv2 TMvl TMv2 Tot 

TDvl 

TDv2 

TMvl 

TMv2 

Tot 

4 

0 

0 

0 

4 

0 

4 

0 

0 

4 

0 

0 

4 

0 

4 

0 

0 

0 

4 

4 

4 

4 

4 

0 

TEvl TEv2 TXvl TXv2 Tot 

TEvl 

TEv2 

TXvl 

TXv2 0 

0 

0 0 

0 0 

0 0 

0 

0 0 

Tot 

*Does not include one sample labeled as TRvl 
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Table 4-13. Confusion Matrix of Observer 2's Responses to TV, TH, and TT Call 

Categories. Categories in the left column represent Observer 2's responses to 

spectrogram samples. Bolded numbers along the diagonal represent Observer 2's 

agreement with defined categories. Observer 2 also labeled two samples as categories 

not shown in the matrix: one TVvl sample as TXvl and one TVvl sample as HAvl, 
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Table 4-13. Confusion Matrix of Observer 2's Responses to TV, TH, and TT Call 

Categories 

TVvl TVv2 THvl THv2 THv3 TTvI TTv2 Tot 

TVvl 2 0 0 0 0 1 1 4 

TVv2 0 4 0 0 0 0 0 4 

THvl 0 0 4 0 0 0 0 4 

THv2 0 0 0 3 0 0 0 3 

THv3 0 0 0 1 4 0 0 5 

TTvl 0 0 0 0 0 3 0 3 

TTv2 0 0 0 0 0 0 3 3 

Tot 2* 4 4 4 4 4 4 

• Does not include one sample labeled as TXvl and one sample labeled as HAvl 
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Table 4-14. Confusion Matrices of Observer 2's Responses to samples from the HN 

and HA Call Categories. Categories in the left column represent Observer 2's responses 

to spectrogram samples. Bolded numbers along the diagonal represent Observer 2's 

agreement with defined categories at the level of within-call variants. 



291 

Table 4-14. Confusion Matrices of Observer 2's Responses to samples from the HN 

and HA Call Categories 

HNvl HNv2 HNv3 Tot 

HNvl 

HNv2 

HNv3 

Tot 

HAvl HAv2 Tot 

4  1 0  5  

0 3 0 3 

0  0  4  4  

4 4 4 

HAvl 4 1 5 

HAv2 0 3 3 

Tot 4 4 
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Table 4-15. Confusion Matrices of Observer 2's Responses to samples from the Yl 

and NS Call Categories. Categories in the left column represent Observer 2's responses 

to spectrogram samples. Bolded numbers along the diagonal represent Observer 2's 

agreement with defined categories. 
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Table 4-15. Confusion Matrices of Observer 2's Responses to samples from the YI 

and NS Call Categories 

Ylvl YIv2 Tot 

YIvl 

YIv2 

Tot 

4 0 4 

0 4 4 

4 4 

NSvl NSv2 Tot 

NSvl 2 0 

NSv2 

Tot 
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CHAPTER 5. DISCUSSION 

The results of this research show that the Grey Parrot vocal repertoire, if not large (as 

compared to, for example, that of Brown Thrashers—Kroodsma & Parker, 1977), is still 

complex, in that it encompasses a wide variety of characteristics in the acoustic structure 

of vocalizations and variation in its contextual use. Vocalizations range from tonal calls, 

on one end of the aural spectrum, to noisy calls, on the other end. The division of Grey 

Parrot vocalizations into three or four acoustic call classes, i.e., tonal, noisy, and 

harmonic (and possibly noisy-harmonic), is both reliable (Chapter 4) and biologically 

relevant (Beeman, 1998). Further categorization into structural call types and within-call 

variants is less reliable, perhaps as a consequence of: (1) high and irregular variability in 

the acoustic structure of some calls, (2) graded variation in the acoustic, i.e., spectral 

(frequency), characteristics of some calls, or (3) observer bias. However, both clustering 

of call types or variants and sorting of sorting of variants by the combined method of 

visual inspection and measurement, however arbitrary to the Grey Parrots themselves, 

were nearly as reliable as classification according to call class. With regard to context, 

some calls show context-specificity whereas others show context-multiplicity. A 

comparison of this vocal catalogue to known predominant aspects of parrot vocal 

repertoires begins to address hypotheses regarding the function of some kinds of Grey 

Parrot vocal behavior. Together, consideration of the potential effectiveness of vocal 

signals based on their acoustic characteristics, e.g., for long or short-range 

communication, and the ecological and social conditions in which Grey Parrots produce 
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these signals, will shed light on whether these acoustic categories correspond to those of 

the Grey Parrots themselves. Observed variation in the vocal behavior of Grey Parrots 

may reflect the diversity of environmental conditions and social milieu that Grey Parrots 

encounter. 

Tonal calls 

Tonal calls have a distinctive whistle-like sound quality produced by the 

predominant concentration of energy at a single frequency at each instant of time. In a 

forest environment, an animal can communicate at a longer distance by producing a 

signal that has a pure tone, slow frequency modulation, and a high amplitude (Mailer 

1955,1967; Chappuis, 1971; Morton, 1975; Wiley & Richards, 1978,1982; Richards & 

Wiley, 1980; Ryan & Brenowtiz, 1985; Wiley, 1991; Robinson & Curtis, 1996; Bradbury 

& Vehrencamp, 1998; Naguib & Wiley, 2001; Nemeth, Winkler, & Dabelsteen, 2001). 

In the lowland tropical forest, where there is also a high noise component that includes 

both continuously (e.g., insect hum) and discontinuously produced animal sounds (e.g., 

avian song), signals must have a sufficiently high signal-to-noise ratio (Morton, 1975; 

Wiley & Richards, 1982; Brenowitz, 1982a, b; Ryan & Brenowtiz, 1985; Dabelsteen, 

Larson, & Pedersen, 1993; Klump, 1996). Pure tones provide better frequency 

discrimination because greater energy at a single frequency increases the signal-to-noise 

ratio (Wiley & Richards, 1982). Tonal calls also attenuate and degrade the least in forest 

environments (Chappuis, 1971; Morton, 1975; Wiley & Richards, 1978,1982; Richards 

& Wiley, 1980; Ryan & Brenowtiz, 1985; Wiley, 1991; Robinson & Curtis, 1996; 
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Nerneth, Winkler, & Dabelsteen, 2001). Furthermore, signals with lower frequencies, at 

least between 1 kHz and 3 kHz (Morton, 1975), attenuate and degrade less in the forest 

(Chappuis, 1971; Wiley, 1991). Although Grey Parrots produce tonal calls composed of 

fundamental frequencies higher than 7.5 kHz, i.e., TH, TU, TT, most of their tonal call 

types have median frequencies that fall in the lower frequency range, i.e., 1 - 3 kHz. 

With regard to frequency modulation, most tonal call types have, no (e.g., TL call), low 

(a small range, e.g., TG call), or slow (e.g., TH call) frequency modulation. Those with 

more rapid frequency modulation (e.g., the TX and TV calls), still have a slower rate of 

modulation than a typical songbird trill. Tonal calls with higher amplitudes, i.e., variant 

1 of the TH call, tend to have higher median frequencies. A high amplitude may not only 

increase the range of these calls but also counter the increased attenuation of the higher 

frequencies. 

The TH call, the most commonly recorded tonal type, probably functions in long

distance communication. TH calls have a long range because they have not only a tonal 

structure but also a high amplitude. Although the initial high frequency component of 

this call, i.e., above 3 kHz, attenuates more quickly than calls with overall lower 

frequencies, TH calls are considerably louder than most other calls in the repertoire. The 

loudest part ofTH call has, by far, the greatest signal-to-noise ratio of all the tonal calls. 

Such a high amplitude may compensate for greater high-frequency attenuation, and, 

furthermore, it may provide a better signal-to-noise ratio when continuous low-frequency 

background noise is present (Marten & Geduldig, 1990). 



297 

The TH call also possesses characteristics that may enhance its locatability. The TH 

call's diffuse onset may not enhance its directional locatability but the combination of its 

high, increasing amplitude (especially variant 1) and large decreasing frequency sweep 

may enhance its locatability with regard to both direction and distance (Marler, 1955; 

Richards, 1981; Morton, 1982; Wiley & Richards, 1982; Morton & Derrickson, 1996; 

Naguib & Wiley, 2001; Nelson, 2002). A wide-frequency spectrum is ideal for binaural 

time-comparisons (Marler, 1955). Too, because the higher frequency portion attenuates 

more quickly than the lower frequency portion, a capable receiver, i.e., one with an 

internal representation of the sound at a short distance without degradation (Morton & 

Derrickson, 1996), could use it to estimate the distance to the caller (Marler, 1955; 

Richards & Wiley, 1980; Naguib & Wiley, 2001; Nelson, 2002). The light trace of the 

higher frequencies in some spectrograms is consistent with frequency-dependent 

attenuation in the TH call. Too, variant 1 often shows reverberation near the end of the 

call, where frequencies between 2 and 3 kHz sustain despite the continuing decrease in 

the frequency of the call; in the spectrogram, the dominant frequency appears as if it 

splits in two (see Figure 3-21). Sensitivity to attenuation and degradation (i.e., 

frequency-dependent attenuation) of a call would enhance an individual's ability to 

estimate the distance of conspecifics in flight, of pairs at a nest, or of congregations at 

forest clearings. 

The TR call, the third most common tonaJ call type, has characteristics that indicate 

it is a short-range and highly locatable signal. Although it has a tonal structure, its low 

amplitude suggests that it is a short range signal (Wiley & Richards, 1982; Bradbury & 
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Vehrencamp, 1998). An abrupt onset, a relatively low frequency, two temporally spaced 

notes, and often repetitive production enhance its locatability (Marler, 1955; Morton, 

1975; Hope, 1980; Wiley & Richards, 1982; Bradbuiy & Vehrencamp, 1998). Although 

it has a low amplitude, the TR call's tonal structure and low frequency should enable it to 

propagate well in vegetation, especially broad-leaf vegetation (Chappuis, 1971; Morton, 

1975; Robinson & Curtis, 1996). 

The acoustic characteristics of the TR call also make it highly distinct and salient. 

The unique temporal structure, that is, its two separate short notes and <0.1 second 

overall duration, provides clear contrast with other call types (either by hearing the call or 

through examination of wide-band spectrograms). The abrupt onset, segmentation, and 

repetition of this call are likely to elicit the attention of nearby conspecifics; It is clearly 

conspicuous to humans (personal observation). Once alerted, receivers could locate and 

track a mate's or flockmate's direction of movement. 

The tonal calls comprise more than half the calls in this catalogue. At least four 

possible reasons exist for the high relative abundance of tonal calls. First, individuals in 

wild populations may produce more tonal call types than other calls and therefore the 

catalogue may represent, at least to some degree, the proportion of tonal calls produced in 

the population. Second, the catalogue may, however, over-represent tonal calls resulting 

from two related physical factors; (1) the largest proportion of recordings occurred at the 

clearings and (2) Greys produce a larger proportion of tonal calls at the clearings than in 

all other locations combined, especially locations not included in this study (i.e., roosts). 

Finally, over-representation may also result from a combination of two acoustical factors; 
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(1) most recordings occurred at some distance from the parrots and (2) thus, more tonal 

calls were recorded because they attenuate less with distance and have greater resistance 

to degradation (Morton, 1982; Wiley & Richards, 1982). 

If indeed the largest proportion of calls in the natural Grey Parrot repertoire are tonal 

calls, then Grey parrots may be specially adapted to tonal call production. The vocal tract 

of Grey Parrots may be ideally suited for the production of tonal calls. Scanlan (1988) 

found that the syringeal morphology of Grey Parrots differs from that of other Psittacids. 

Warren, Patterson, and Pepperberg (1996) suggest that this morphology may produce 

more periodic sound and provide greater frequency control in Grey Parrots than in other 

parrot species. Tonal sounds are the most extreme case of periodic sound production, and 

this unique morphology may explain why Grey Parrots are the only psittacine species in 

West Africa known to produce "loud clear whistles" (Borrow & Demey, 2001). In fact, 

Grey Parrots appear to differ from some parrots in the proportion of tonal calls in their 

vocal repertoire. The propensity of Greys to produce a wide array of frequency-

modulated pure-tone calls clearly contrasts with, for example. Budgerigars' production of 

predominantly amplitude-modulated calls (Banta, 1998) and the largely harmonic and 

noisy calls described for Yellow-naped Amazon parrots (Wright, 1996,1997) and 

Orange-fronted Conures (Bradbury, 2003). 

The unique vocal tract morphology of Grey Parrots may also explain the often 

incessant whistle production of the three Grey Parrot subjects in the Pepperberg 

Laboratory, in spite of the fact that lab personnel discourage them from producing 

whistles in favor of speech (personal observation). In the laboratory, pure-tone calls are 
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the most commonly uttered non-speech sounds of these birds (personal observation). The 

oldest of these birds, Alex, also incorporates a high, loud, and long descending whistle, 

not unlike the TH call, into a sequence of speech utterances that he regularly produces in 

the evening when lab personnel bring him to his room for the night. For example, he 

might say "You be good. I'll see you tomorrow," and then produce the loud whistle. 

Both an enhanced ability and a predisposition for the production of periodic sounds lend 

support to the hypothesis that pure-tone vocal production is adaptive in Grey Parrots. 

Grey Parrots may be unique among parrots with regard to a predominance of tonal 

call production, i.e., pure tones or whistles. In most parrots studied to date, the large 

majority of their natural vocalizations have harmonic and noisy acoustic structures and 

their ubiquity may indicate that production of these kinds of structures is ancestral in the 

Psittacidae family. The unique vocal tract morphology of Grey Parrots (Scanlan, 1988) 

suggests that this morphology, and possibly enhanced periodic sound production and 

frequency control (Warren et al, 1996), may have evolved later in the species. The 

unique vocal tract morphology may explain why, among parrots. Grey Parrots are 

considered the best mimic of human speech. It may also explain one reason why Grey 

parrots are the only Fsittacid reported to mimic the vocalizations of other animals in the 

wild. Of the ten species that Grey Parrots reportedly mimic, seven are largely pure-tone 

vocalizations of other birds (Cruickshank et al., 1993). As a class, tonal calls may have a 

different signal value than the other call classes. In male Nightingales, which have a 

repertoire of over 200 song types (Hultsch & Todt, 1981), receivers respond differently to 

"whistle" songs, which begin with a series of repeated whistles, than they do to normal 
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songs, which begin with a variety of structural elements (Naguib, Mundry, Hultsch, & 

Todt, 2002). 

Harmonic calls 

Harmonic calls have a distinctive sound quality produced by a high concentration of 

energy at two or more frequencies at each instant of time. Multiple frequencies may 

enhance the locatability of harmonic calls because of differences in the time of arrival 

and differences in the degree of attenuation among frequencies (Marler, 1955; Wiley & 

Richards, 1982). Too, multiple frequencies suggest that harmonic calls have an ideal 

range that is short relative to tonal calls. Because the energy is distributed among 

multiple frequencies, no single frequency can have an amplitude as high as that in a tonal 

call and therefore a harmonic call attenuates more quickly with distance. Furthermore, 

frequency-dependent attenuation causes further reduction in the structure of harmonic 

calls. Thus, harmonic calls are better suited to short-range communication in which 

attenuation, degradation, and noise have less of an effect on signal transmission. Because 

of fewer restrictions on signal transmission, short-range communication signals should 

show higher structural variability (Marler 1967; Morton, 1977,1982; Brown & Hanford, 

1996). Clearly, variation among Grey Parrot harmonic calls is high. They can vary in 

the number of frequency bands, the relative amplitude of frequency bands, and the 

manner in which both of these change over time. Grey Parrot harmonic calls range from 

a relatively simple structure, as in the HR call, which has two bands that change little in 

frequency and amplitude over time, to a relatively complex structure, as in the HK call. 
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which has from one to four frequency bands, which shifts in band number three times 

over the duration of the call, and which increases and decreases in frequency over time. 

Variability in structure may encode individual or motivational variability (Morton, 1977, 

1982). 

The harmonic calls comprise the second largest proportion of calls in this catalogue. 

This proportion may or may not reflect the proportion of harmonic calls produced in the 

population. If not, then harmonic calls could be either over- or under-represented in the 

catalogue. Over-representation may result from the same factors noted above for tonal 

calls except with regard to acoustical factors: Harmonic calls are only less susceptible to 

attenuation and degradation than noisy-harmonic or noisy calls (Morton, 1975; Richards, 

1981). The under-representation of harmonic calls may result from the same physical 

factors (noted previously) that could cause the over-representation of tonal calls; Grey 

Parrots may produce a higher proportion of harmonic calls in contexts recorded the least, 

or not at all (i.e., communal night roosts). 

Regardless of their true proportion in the natural Grey Parrot repertoire, harmonic 

calls are likely to play an important role in Grey parrot communication. Just as for tonal 

calls. Grey Parrots show proficiency in the production of harmonic calls. The harmonic 

calls included in the catalogue also involve periodic sound production. Of the four call 

classes of Grey Parrots, the harmonic call class most resembles hum an vowel production, 

of which Grey Parrots show a high level of proficiency in both production and perception 

(Patterson & Pepperberg, 1994; Warren et al, 1996; Pepperberg, 1999). Their ability to 

perceive and produce vowel sounds suggests a sensitivity to differences in both the 
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modulation of frequencies and the relative amplitude of various frequencies in their own 

harmonic calls. The variants of the HN call, for example, vary not only in their overall 

contour shape but also in the relative energy among the three dominant frequencies. In 

variant 1, the lowermost and uppermost frequency bands have the highest amplitude 

whereas, in variant 2, the lowermost frequency bands, and, in variant 3, the lowermost 

and middle frequency bands have the highest amplitude. The ability to perceive, 

produce, and categorize sounds highly similar to human vowels indicates that Grey 

Parrots' are highly sensitive to the relationship among formant frequencies, i.e., Fi and 

Fz- Consistent with this ability, the harmonic calls in this catalogue show variation in the 

relationship among harmonic frequencies. In most calls, e.g., the HN and HL calls, the 

upper frequency bands are integer multiples of the lowermost frequency band; however, 

in the case of the HD call, the relationship among the frequency bands is that their 

frequencies are integer multiples, i.e., 3Fo ~ 1.5 kHz, 4Fo ~ 2 kHz, 5Fo ~ 2.5 kHz, 6Fo ~ 3 

kHz, and 8Fo ~ 4 kHz, of a frequency which is an absent component of the call, -0.5 

kHz. Interestingly, if these frequency bands were exact integer multiples, humans in 

Western cultures (acquainted with Western music) would also subjectively perceive the 

pitch of the "missing fundamental" (Roederer, 1995). 

Noisy calls 

Noisy calls have a distinctive sound quality produced by a spread of energy across a 

wide range of multiple frequencies at each instant of time. Their abrupt onset and broad 

bandwidth make noisy calls the most locatable among call classes because they best 
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enable the listener to estimate both the direction of and distance to the signaler (Morton, 

1982,1986; Wiley & Richards, 1982; Klump & Shalter, 1984). The combination of both 

high and low frequencies, i.e., the NS, NO, NG, and NC calls, enhance locatability 

because the combination provides all three ways that a receiver may locate sounds: 

detection of differences in phase (low frequencies), intensity (high frequencies), and time 

of arrival (Marler, 1955,1967). An abrupt onset also makes differences in the time of 

arrival easy to detect. The broad bandwidth of noisy calls may provide cues, e.g., with 

respect to frequency-dependent attenuation that would enable a capable listener to 

estimate the distance to the signaler (Morton, 1982,1986,1996; Richards, 1981). 

Because higher frequencies attenuate more quickly than other frequencies with distance, 

decreasing amplitudes of higher frequencies would indicate greater distances to the 

listener. The ability to estimate both the direction of and distance to signalers would be 

particularly useful to individuals as they arrive at a clearing to join a flock for the purpose 

of ground feeding. Finally, one other way to enhance locatability is to increase a signal's 

duty cycle (Bradbury & Vehrencamp, 1998). Grey Parrot's increase the duty cycle of the 

NS and NC calls through repetition. At clearings. Grey Parrots often repeat the NS call, 

or squawk, either within or among individuals in association with flight. The NC call, or 

scream, increases its duty cycle through repeated bursts of longer duration. Too, because 

the NC and NS calls have a high amplitude, which increases a call's signal-to-noise ratio, 

the range of these calls exceeds that of lower amplitude noisy calls and thus may increase 

their locatability to receivers at greater distances. 
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Although birds can locate broad-spectrum noise better than pure tones, broad 

spectrum noise has disadvantages to long distance communication (Wiley & Richards, 

1982). The soft squawk (NO), for example, provides good direction cues but, because it 

has a low amplitude, is probably audible at only a short distance. A short range would 

enable a signaler to communicate its location to nearby conspecifics while maintaining 

ambiguity to potential predators. Too, as a short-range broadband calls, motivation-

structural rules may apply most to noisy calls, i.e., the NG and NC calls (Morton, 1977, 

1982). Of all the noisy calls, the NZ call, or zip, probably is the least locatable because 

of its relatively narrow bandwidth at relatively higher frequencies. This call probably 

functions best as a short-range signal. 

Of all the call classes, the noisy call types comprise the smallest proportion in this 

catalogue. The catalogue most likely under-represents them for at least three possible 

reasons. The best possible reason is that most of my analysis favored tonal and harmonic 

call types because of their salience and relatively high variation among calls. I digitized 

and printed fewer spectrograms of squawks (perhaps the most common call in the 

repertoire), for example, because most sounded highly similar to each other, to the 

squawks of captive-raised Grey Parrots, and to the squawks of other parrot species. I 

reasoned that squawks might have a large inherited component that varies little and 

therefore of less interest than calls likely to have a relatively large learned component or 

that show high variation. The catalogue may also under-represent noisy calls, i.e., calls 

like the NO call, for the same physical and acoustical factors noted above that could have 

caused the under-representation of harmonic calls. Recordings with a microphone 



306 

positioned close to the parrots, i.e., on branches where Greys congregate or inside tree 

cavities, might reveal a greater diversity of soft noisy calls. Recordings at roosts and 

other locations may reveal higher production of noisy calls. 

Noisy-harmonic calls 

Noisy-harmonic calls have a distinctive sound quality produced by a combination of 

noisy and harmonic components. With the exception of the YS call, which may also 

qualify as a harmonic call, noisy-harmonic calls have a low to moderate amplitude and a 

relatively short duration. Clearly, the YI, YT, YP, and YQ calls are highly locatable 

signals because of their wide bandwidth and abrupt onset short duration. The YP, YT, 

and YQ calls, because they have a high frequency component, may also provide 

degradation cues for distance estimation (Morton, 1986; Morton & Derrickson, 1996; 

Naguib & Wiley, 2001). However, like some noisy calls, they are not ideal for long 

distance communication. 

Noisy-harmonic calls comprise the third largest proportion of calls in this catalogue. 

Again, this proportion may or may not reflect the proportion produced in the population. 

If not, then noisy-harmonic calls could be either over- or under-represented in the 

catalogue for the same reason noted above for harmonic calls, except with regard to 

acoustical factors; Noisy-harmonic calls are only less susceptible to attenuation and 

degradation than noisy calls (Morton, 1975; Richards, 1981). They could also be over-

represented as a consequence of the under-representation of noisy calls resulting from 

non-random sampling during acoustic analysis, as noted previously. 
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Like harmonic calls, noisy-harmonic calls show similarity to human speech. Of the 

four call classes of Grey Parrots, the noisy-harmonic call class most resembles human 

stop consonant production, especially voiceless stops (Borden & Harris, 1984). Just as 

Grey Parrots show proficiency with respect to vowels with respect to the production and 

perception of vowels, they also show some proficiency with stop consonants (Patterson & 

Pepperberg, 1998; Pepperberg, 1999). Their ability to categorize voiceless stops, in 

particular, is not surprising when one considers the similarity between the acoustic 

structure of these stops and that of some calls in the natural repertoire of Grey Parrots, 

i.e., the YP, YI, and YT call types. The presence of these consonant-like vocalizations 

suggests that at least some aspects of speech-production and perception may not be 

unique to spoken human language, despite any differences in vocal production 

mechanisms. 

Acoustic Niche 

The high vocal flexibility that enables Grey Parrots to vary the spectral and temporal 

properties of their vocalizations may have evolved, in part, to better communicate in a 

diversity of acoustic environments created by background noise (Marten & Geduldig, 

1990; Klump, 1996; Snowdon & de la Torre, 2002). Grey Parrots encounter a number of 

different acoustic conditions on geographic, altitude, and temporal scales. On a large 

geographic scale, they occupy a wide range of environments including lowland forest, 

gallery forest, wooded savanna, and mangroves (Borrow & Demey, 2001). Within forest 

habitats, they also encounter both high and low levels of disturbance, the former in which 
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Grey Parrots also thrive (Dindliker, 1992). Between my two study sites, I noticed an 

obvious acoustic difference in ambient noise; The Dzanga study site (less disturbed) had 

a higher overall amplitude of animal sounds, especially insect sounds, than the Lobeke 

site (more disturbed). On a small geographic scale, the parrots encounter variation as 

well. For example, in a given day in the Congo Basin, they occupy both closed (i.e., 

forest), open (i.e., clearings), and edge habitats. On an altitude scale. Grey Parrots 

occupy space on open ground, a few feet above ground in vegetation, high in the forest 

canopy, high in the tops of barren trees, and, in the open air, both low (i.e., during flight 

associated with ground feeding) and high altitudes (i.e., flight above the canopy enroute 

to and from the roost—Dandliker, 1992). On a temporal scale. Grey Parrots vocalize 

before dawn, during most of the daylight hours, and after dusk; they also produce calls as 

a solo, duet, or chorus. The various conditions in which Grey Parrots engage in vocal 

communication present a corresponding diversity of demands on both perception and 

production not only with regard to the acoustic transmission characteristics of different 

environments but also the spectral, temporal, and amplitude characteristics of background 

noise. 

At the bais, changes in environmental, allospecific, and conspeciflc sounds create 

spectral and temporal variation in background noise. When an individual first arrives 

with its mate shortly after dawn, for example, wind turbulence is at a minimum and select 

avian species are vocalizing. This individual may perch with its mate or several other 

individuals and, infrequently, produce a call in random alternation with tlockmates. As 

time goes by, wind turbulence increases, Hadada Ibises call, and large flocks of Green 
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Pigeon flocks occasionally "thunder" by as they shift flight direction. As more Grey 

Parrots arrive and begin to call, the rate of their call alternation and overlap also 

increases. As still more Grey Parrots arrive and join the flock, the Grey Parrot chorus 

begins to dominate the acoustic space of the flock: It grows into a din of highly variable, 

randomly overlapping, and simultaneously-produced calls uttered by hundreds of parrots. 

The variation in background noise at the bai, especially from that of increasing numbers 

of conspecifics, begs the question of whether a given individual adjusts its call production 

according the quantity and structure of background noise, including that of conspecifics, 

e.g., repetition of a call when lulls occur in background noise (Klump, 1996). 

Of all the locations recorded, Grey Parrots produce the greatest variety of call types 

at the bais. Such a diversity of calls could be a consequence of a higher number of 

parrots, but it may also occur because each individual parrot maximizes both the variety 

of cal l types and the rate of production in its stream of calls. When pairs and small 

groups first arrive, calling is infrequent. After the flock has grown in size, individual 

parrots appear to call more frequently, observed in the increased rate of their bill 

movements (personal observation). Furthermore, when the relay-like feeding behavior 

begins, the parrots often maintain the cacophony at some minimal level, especially in the 

Lobeke clearings. The continued production of a loud, highly variable mass of sound is 

notable because individuals that feed on the ground do not call, leaving fewer parrots 

perched in the trees to maintain the cacophony. This behavior may function in the 

recruitment of conspecifics: The louder and more variable the chorus, the more attractive 

it is. During acoustic analysis, I observed both vertical (frequency scale) and horizontal 
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(time scale) "blackening" of long sections of spectrograms, as if the parrots had filled all 

available spectral and temporal acoustic space. The parrots may modify their call 

production to best fill any available space, that is, space not already occupied by their 

flockmates. Moreover, Grey Parrots may adjust their calls to the sounds of conspecifics 

differently than they adjust to the sounds of allospecifics, e.g., higher amplitude (Brumm 

& Todt, 2004). 

Once Grey Parrots reenter the forest, they may rest or feed in pairs or small groups 

against a background of primarily animal sounds, especially insects. During the day, 

some insects produce a continuous hum of frequencies between just under 5 kHz to as 

high as 6.5 kHz. Most Grey Parrot calls have median frequencies below 5 kHz, 

especially tonal calls, which have median frequencies primarily below 4 kHz. Even those 

calls which have higher median frequencies have acoustic structures that cut through the 

hum. For example, the TH call typically begins above the insect hum, crosses it briefly, 

and then passes below it as it increases to a very high amplitude. Likewise, the TU and 

TT call types have high amplitudes and frequency modulation that make them stand out 

against the insect noise, however more so by ear than by visual inspection of 

spectrograms. An example of a harmonic call with a high median frequency is the HN 

call. This call counters the masking effect of the insect noise by having at least two 

dominant frequency bands lower in frequency than the insects and, especially in the case 

of variants 1 and 2, by modulating frequency over time. Another way that Grey Parrots 

avoid competition with noise in the forest is simply to call less often. In fact, one way to 

find Grey Parrots in the forest is to search for falling fruit. Pairs and small groups 
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feeding on fruit tend to be relatively cryptic. Not only are they difficult to see because 

they are hidden in the shadow of the canopy or obstructed by vegetation but also because 

they call less frequently. Many of the calls produced at this location, especially the TH 

call, coincide with the arrival or departure of a parrot. Although a lack of call production 

may be a consequence of activity, especially that of the bill and tongue, invested in 

feeding rather than calling, parrots still time this feeding behavior to occur in late 

morning or midday, when a number of avian and insect species produce sound. 

Some pairs will also visit tree cavities. In addition to maintaining silence while 

remaining vigilant, i.e. when they perch facing out of the tree cavity, pairs may produce 

long coordinated call sequences. More so than individual calls, which they often include 

as components, these sequences cut through the noise of other animal species not only 

because they are composed of contrasting calls but also because they are consistently 

loud and highly frequency modulated. Again, this acoustic structure may be related 

primarily to a specific function, such as territorial or mate defense; however, I observed 

these calling sequences only during late morning and primarily during the afternoon. 

Although I observed Grey Parrots at tree cavities near dusk, they produced no duets at 

this time. Thus, Grey Parrots may restrict this behavior to these times of day, especially 

to avoid competition with increasing noise from insects at dusk. 

In the late afternoon and early evening, non-breeding Grey Parrots engage in pre-

roosting behavior in which they begin to aggregate and move toward the roosting area 

(Dandliker, 1992). During this time, insect noise both increases in amplitude and 

broadens to a bandwidth of 3 to >7 kHz. Although it is unclear whether I indeed 
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observed pre-roosting or "staging" behavior, I did record a group of eight more parrots in 

the evening in the forest. As when feeding during midday in the forest. Grey Parrots 

seem to produce vocalizations less frequently in when staging in the evening. Some mid-

range but otherwise ubiquitous calls are omitted in the evening, e.g., the TV, TQ, and YS 

calls. The lack of production of tonal calls appears to differ from that at the foraging tree. 

Because both locations are in the forest, perhaps the lower variation and lack of some 

mid-range calls is a way to avoid competition with insect hum. 

Krause (1992, p. 40; 1998, p. 81) proposed an acoustic niche hypothesis in which, 

"many birds, mammals, and amphibians find and learn to vocalize in acoustical niches 

unimpeded by the voices of less mobile creatures such as near-ranging insects." Krause 

(1992) argues that an animal produces sounds in its own acoustical position according to 

the properties of frequency, amplitude, duration, prosody (rhythm), or relative position in 

time. For example, antarctic killer whales modify frequency modulation in their 

underwater sounds to fluctuate above and below the most common sounds of leopard 

seals when the seals are vocal, but the whales do not do so when the seals are silent or 

absent (Mossbridge & Thomas, 1999). Krause also makes two points specifically 

regarding the tropics. First, the tropical forest comprises multiple microhabitats as small 

as 20 m^ that show differences in sound detectable by vertebrates. Krause (1998) claims 

that the Bayaka of Central African Republic, people indigenous to the central African 

rainforest (and therefore sympatric with Grey Parrots), use the microhabitat differences in 

sound to navigate through the forest, especially in darkness. My own observations of the 

Bayaka, i.e., hunting in darkness and their aural detection of elephants, are consistent 



313 

with Krause's assertion. The second point is that some animals that live in the tropical 

forest produce vocalizations highly specialized to occupy several acoustic niches 

simultaneously. Krause (1992) suggests that these animals, unlike some temperate 

songbirds with small repertoires, can adjust to changes in ambient noise. If Grey Parrots 

are also sensitive to the sound differences of various microhabitats, then they could select 

from their acoustically diverse repertoire to fill a specific acoustic niche. Because Greys 

are such highly mobile animals, they may need to call in a plethora of different acoustical 

environments. It may be advantageous for Greys to select particular components from 

their diverse repertoire not only to serve a particular function, such as recruiting birds for 

ground feeding, but also to fit into the "acoustical niche" of each acoustical environment 

that they encounter. When that environment includes large numbers of Greys producing 

a diversity of call types, the challenge of simply finding an available acoustical niche is 

much greater. The cacophony of Grey Parrot vocalizations produced at forest clearings 

could be explained solely by the propensity of individual Greys selecting and producing 

calls in an aural niche that changes with the both the number of parrots and moment-to-

moment choices of each individual parrot. 

The morning calling behavior of Grey Parrots at the clearings may be loosely 

analogous to the "dawn chorus" of songbirds (Catchpole & Slater, 1995). Results 

indicate that Grey Parrots produce the greatest quantity, diversity, and density (rate) of 

vocalizations at the clearings during morning hours than any other recorded location or 

time of day. Staicer, Spector, and Horn (1996) describe three non-mutually exclusive 

classes of hypotheses proposed to explain the phenomenon; (1) the behavior has "a 
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function intrinsic to the singer's internal states, e.g., hormonal levels" (p. 427); (2) that 

environmental selective pressures, i.e., circadian rhythm, have influenced the timing of 

this behavior; and, (3) the behavior has a social function optimal when produced at dawn. 

The first class of hypotheses is least plausible for Grey Parrots because vocal behavior in 

tropical bird species is only rarely associated with elevated hormone (e.g., testosterone) 

levels (Morton & Stutchbury, 2001). The second and third classes are plausible for a 

combination of at least three reasons. First, clearings as relatively open habitats have 

cooler temperatures and lower wind turbulence in the morning and therefore the best 

acoustic transmission characteristics than other times of the day (Wiley & Richards, 

1982). Second, the apparent goal of Grey Parrots that go to forest clearings is to feed on 

marsh plants and soil: This behavior only occurs in clearings, only in large flocks, and 

only after the parrots congregate in trees, producing a cacophony of vocalizations for 

some period of time prior to feeding. The exclusively large flocks and observed wariness 

of the Grey Parrots when feeding on the ground, the observed predatory attempt on a 

parrot by a raptor, and the otherwise cryptic feeding behavior of Grey Parrots suggest that 

large flocks serve in predator avoidance while feeding on the ground. Grey Parrots may 

produce such a high quantity, density, diversity, and amplitude of vocalizations to 

indicate the presence, location, identity (i.e., species), or size of a potential feeding flock; 

doing so during the morning hours provides the best acoustic transmission characteristics 

in this habitat. The third reason that Grey Parrots may call so much in the morning at 

clearings is that ground feeding involves a great deal of flying and hence metabolic 

activity; Grey Parrots tend to lower their activity level during the hotter part of the day. 
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call so much in the morning at clearings is related to social dynamics. Early morning 

calling in large flocks at the clearing may provide a prime opportunity for calling and 

non-calling individuals alike to assess hundreds of calling parrots and the social 

relationships among them (Stacier et ai., 1996; McGregor & Peake, 2000; Danchin, 

Giraldeau, Valone, & Wagner, 2004). Unmated parrots may eavesdrop to assess the 

quality of a potential mate (McGregor & Peake, 2000; Danchin, Giraldeau, Valone, & 

Wagner, 2004), or both non-breeding mated pairs and individuals may use this time to 

choose partners for feeding in the forest later in the day or roosting at dusk. The diversity 

of calls may enable a listener to increase the size and quality of its repertoire. Calling in 

large flocks may also provide the parrot with the opportunity to engage in vocal practice 

in which a parrot can compare or match its own vocalizations to those of neighboring 

parrots (Vehrencamp et al., 2003). Or, as a consequence of the cacophony, all except 

neighboring parrots may not hear or attend to any one parrot, and therefore vocal practice 

may be consequence-free (Pepperberg, Brese, & Harris, 1991). My observations of the 

largely individual behavior of caUing parrots at the clearings (e.g., autopreening), that is, 

when perched and calling, are consistent with this hypothesis. In summary, the Grey 

Parrot analogue of the 'dawn chorus' may occur for a combination of environmental, 

biological (i.e., dietary), and social reasons. 
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Graded vs. Discrete Variation 

This catalogue organizes Grey Parrot vocalizations primarily according to the 

spectral (frequency) characteristics of vocalizations and thereby shows the nature and 

extent of variation in acoustic structure. The development of the catalogue, especially 

acoustic analysis, and the results of the reliability study support the assertion that some 

calls show relatively graded variation in their spectral structure whereas others show-

more discrete variation. Examples of graded variation, especially with regard to the rate 

and extent of frequency modulation, may include calls classified as the TD, TM, TX, TV, 

TQ, TT, HL, HN, HA, HO, HF, HC, HG, HK, YS, NS, and NO call types. Examples of 

relatively discrete variation include calls classified as the TR, TB, HR, and NZ call types, 

and to a lesser extent, the TH and HD call types. Note too that the TH call shows high 

variability in median frequency and frequency, partly as a consequence of large sample 

size, but still remains relatively distinct from other call types. Other call types lie 

somewhere between graded and discrete extremes. 

Examples of highly graded variation include the TD, HN, HO, HF, HC, HG, and HK 

calls. The TD call shows such high and continuous variation in contour shape that the 

definition of its call type is mainly restricted to tonal calls that have median frequencies 

of 0.9 - 1.5 kHz and acoustic characteristics that diverge from definitions of other tonal 

call types. The TV call shows such high variation in contour shape (the extent and rate of 

frequency modulation), both in the initial frequency (which distinguishes variants), and 

the latter portion of the contour (i.e., the number of direction changes), that its median 

frequency and frequency range are also highly variable. Although the HN call type has a 
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timbre distinct from other call types, it shows high and continuous within-type variation. 

Within the HN call type, variation occurs in two ways; in the relative amplitude of the 

three dominant frequencies (as discussed previously) and in the contour shape of these 

frequencies. The relative amplitude of dominant frequencies varies to a lesser extent 

(primarily among variants) than contour shape, which varies considerably across HN 

spectrograms, including those categorized as the same variant. Thus if I had sorted these 

spectrograms primarily according to contour shape, or even median frequency, then the 

number of variant categories would increase dramatically. Or, alternatively, I could have 

ordered spectrograms along a continuum; however, the contour shapes are so variable 

that deciding which spectrograms would occur on one or the other end of the continuum 

is not obvious. The HO, HF, HC, HG, and HK calls show high variation, but only as a 

consequence of small changes in a highly complex structure, i.e., changes in the number 

of dominant frequency bands. 

The NC, NS, and NG call types not only show graded within-call-type variation but 

also may grade in to each other. Variant 1 of the NS call has highly similar spectral 

properties to the NC call; the acoustic features of these categories differ mainly in that the 

NC call type has a higher amplitude a longer duration. The NG call is also similar to the 

NS and NC call types; (I) Its bandwidth is similar except that it extends to lower 

frequencies than both the NC and NS call types; (2) Its duration is longer than that of the 

NC and NS call types; and (3) Its loudness is less than the NC type but comparable to the 

NS type. 
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In contrast to graded calls, the TB and HR call types have a highly stereotyped, 

distinctive acoustic structure. The TB call has a unique s-shaped contour and a 

distinctive sound. The HR has relatively simple harmonic structure, two wide low-

frequency bands that descend slightly, and a harsh timbre, or a slightly "raspy" sound 

quality. Both these calls have a low amplitude and signal-to-noise ratio that suggests 

short-range communication. As a consequence, they may also be underrepresented in the 

catalogue. The ease with which spectrograms were assigned to these call type categories 

during acoustic analysis lends support to the hypothesis that Grey Parrots produce some 

discrete categories of vocalizations. 

The TR call, which shows relatively discrete variation, is one of the best examples of 

a call that not only has a structure highly distinct from all other structural "types" but also 

has variation within that structure. Its combined temporal characteristics make it unique 

among Grey Parrot calls: an abrupt onset, two short separate notes, and an overall 

duration of <0.1 second. Both observers in the reliability study found the TR call type 

the most distinctive of call types. Variability occurs in the contour shape; whether 

frequency increases or decreases, e.g., TRvl and TRv2, or does not change, e.g., TRv3, 

but variability in median frequency and frequency range is low. Although not measured, 

spectrograms show that variation in the duration of the pause between notes also occurs. 

However, regardless of variation, the TR call is clearly a distinct type because no other 

vocalizations show a resemblance to it (Hailman & Ficken, 1996). 

Variation of acoustic characteristics within the TR call type suggests a potential for 

some level of identification. Although the TR call is highly distinct from other call types. 
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spectral variation clearly exists in the samples I obtained; (1) within the call type, in 

which the frequency increases ( variant 1), decreases (variant 2), or remains the same 

(variant 3); (2) within variants 1 and 2, in which the frequency range varies at least from 

0.1 - 0.5 kHz and 0.1 - 0.6 kHz, respectively; and (3) within each of the three variants, in 

which the initial frequency varies at least from 0.7 - 0.9 kHz (variant 1), from 0.9 - 1.2 

kHz (variant 2), and from 0.8 -1.3 kHz (variant 3). Also within the TR call type, some 

temporal variation exists, i.e., in the duration between elements (see Figure 3-3). 

Although it is not known whether spectral or temporal variation within the TR call type 

covaries with any level of identification, such variation provides for the capability of 

identification at multiple levels—individuals, pairs, groups, and populations. If 

aggregations at the clearings comprise parrots from multiple social levels, then it is 

possible that variation in the TR call could co-vary with these levels. 

The HD call is also a good example of a call whose structure is both distinct from 

other structural types but still variable within that structure. On the one hand, the HD 

structure is the only structure that comprises multiple closely-spaced frequency bands 

(i.e., five) that are not integer multiples of the lowest frequency. This structure makes the 

timbre of this call highly distinct. On the other hand, the contour shape varies among 

samples, e.g., some relatively flat and some relatively curvy, also evident in the variation 

in median frequency and frequency range. Together, the distinctiveness and variation 

within the structure could simultaneously encode more than one type of information. 

The TH call, although not as distinctive as the TR and HD calls, still differs 

significantly from all other call types. The combination of its contour shape, i.e., a 



320 

slowly decreasing frequency, and large frequency range make it distinctive among call 

types. Too, like the TR and HD call types, it also shows within-call type variation. The 

three variants differ in their contour shape and overall duration. Within-call-type and 

within-variant variation may also include differences in the rate of frequency decrease. 

Both the large-scale variation that distinguishes the HD, TR, and TH call types from 

other call types and the fine-scale variation within these types shows similarity to 

variation in the vocalizations of other avian species. The contact calls of Yellow-naped 

Amazons show both large scale variation among different dialects and fine-scale 

variation within dialects (Wright, 1996). Black-capped Chickadees perceive call notes as 

open-ended categories (Bloomfield, Sturdy, Phillmore, & Weisman, 2003). Grey Parrots 

may show similar perception for relatively discrete call types. 

The two different kinds of variation may correspond to different environmental 

conditions or functions. Among nonhuman primates, graded variation occurs primarily 

in diurnal, nonarboreal, open-habitat species that also use visual cues in short-range 

communication whereas discrete variation occurs primarily in nocturnal or forest 

dwelling species, especially over longer distances (Marler, 1967,1973). For nonhuman 

primate species in which both types of variation occur, intragroup signals show more 

graded variation whereas intergroup signals show more discrete variation (Marler, 1972; 

Morton, 1977; Newman & Goedeking, 1992; Becker, 2001). If the same features are 

generally true for Grey Parrots, then some calls such as the TB, HR, and TR calls would 

need to be exceptions because they show more discrete variation and have short-range 

acoustic characteristics. Graded variation may indicate excitation or motivation level 
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(Gautier, 1974; Green, 1975; Morton, 1977,1982; Newman & Goedeking, 1992; 

Hammerschmidt & Fischer, 1998) or individual identity (Owren, Seytarth, & Cheney, 

1997). The Grey Parrot NC and NG calls show high variability in the duration of bursts 

that may encode the internal state of the caller. Variation in the acoustic structure of the 

HO, HF, HC, HG, and HK calls have the potential to encode individual identity. More 

stereotyped signals (with more discrete variation) minimize any ambiguity in a signal 

(Marler, 1982). Stereotypy may be especially important when cues in other sensory 

modalities are not available, such as communication at long distances or in darkness. 

Except for a few call types, most Grey Parrots do not show high stereotypy but rather 

both large-scale and fine-scale variation. 

Common Parrot Call Types 

Acoustic analysis and the relative numbers of call types in the catalogue suggest that 

some call types are rare whereas others are common in the natural repertoire. Relatively 

rare types may include the TA, TG, HD, HM, HF, HC, HK, YQ, NO, NG, and NC call 

types. These calls may be rare because they are unique to (!) individuals, pairs, or 

groups, (2) contexts that occur rarely (e.g., capture by a predator), or (3) contexts not 

recorded (e.g., communal night roosts). Relatively common types may include the TR, 

TD, TV, TQ, TH, TT, HN, YP, YS, NZ, and NS call types. These types are among the 

most likely candidates for call types common across parrot species described by 

Bradbury (2003) such as the loud contact call, the soft contact call, the pre-flight call, and 

the agonistic protest. 



322 

Comparing the vocal repertoires of closely related species may enable an 

understanding of homologies, and also how vocal signals are differentially adapted to the 

ecology of the species (Hailman & Ficken, 1996). Many parrot species studied to date 

produce a vocal repertoire comprised of a core set of components that researchers have 

classified subjectively but similarly (Bradbmy, 2003). Therefore, a good first step to 

understanding the Grey parrot vocal repertoire is to examine whether it shares any of the 

most commonly reported parrot vocal types. In Grey Parrots, six types of calls and two 

types of call sequences possess characteristics that make them good candidates as; the 

loud contact call, the soft contact call, the pre-flight call, the agonistic protest the distress 

call, alarm calls, duet call sequences, and warble call sequences (Bradbury, 2003). 

Loud Contact Call. If Grey Parrots produce a Psittacine loud contact call, then the 

TH call is the most likely candidate for such classification with regard to its acoustic 

characteristics, manner of production, ubiquity, and context (Marler, 1955; Morton, 1977; 

Hope, 1980; Bradbury & Vehrencamp, 1998; Bradbury, 2003). 

The tonal quality, high-to-low frequency sweep, slow frequency modulation, and 

high amplitude of the TH call are consistent with the loud contact call of many parrots. 

The tonal quality, slow frequency modulation, and high amplitude are characteristics 

optimal for long distance communication. The high-to-low frequency sweep could also 

provide degradation cues for estimating distance. Because parrots typically use the loud 

contact call to establish vocal contact with conspecifics, the ability both to hear the caller 

at a long distance and to estimate the distance to the caller would be advantageous. 



As a long distance signal that provides degradation cues, the TH call could be used 

by birds to locate and track resources and find roosting areas. As highly mobile seed 

predators living in a tropical forest where food resources exhibit high spatial and 

temporal variability. Grey Parrots may need to range widely at certain times to track 

resources (Chapman et al, 1993; Renton, 2001). Grey Parrots produce the TH call both in 

flight and while perched near food resources. Whether they locate food resources by 

actively attending to the calls of conspecifics (or at least flock members) en route to or in 

feeding areas is not known, but the TH call could be used in this way. Also unknown is 

whether Grey Parrots actively alert conspecifics or flockmates to the existence of food 

sources. In the laboratory. Greys will often produce food-related words or phrases ("It's 

yummy," or label the food) while they eat in proximity to one another (personal 

observation). Some evidence exists, i.e., both shifts in diet and a correlation between 

fruiting phenology and the abundance of Grey parrots in particular areas, that Greys 

travel great distances to track resources (Chapman et al., 1993; Tamungang, 2003). As a 

species known to gain protection from predators by sleeping together in large groups 

(Dmdliker, 1992), Grey Parrots would benefit from estimating not only the direction of 

but also the distance to the calls emitted by conspecifics either in or en route to a roosting 

area. Too, as a consequence of resource tracking over greater distances. Greys may shift 

roosts more than their counterparts in the New World, such as the Yellow-naped Amazon 

(Wright, 1996). Studies show that Greys do shift roosts, although in some locations, as 

partly a consequence of disturbance by trappers (Dandliker, 1992; Fotso, 1998). Judging 

the distance of a flockmate as it calls from a distance may be of great importance to a 
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Grey locating a new resource or roost site. The fact that the only reported area in Africa 

where Greys come to the ground to feed in clearings is in the Congo Basin suggests that 

Greys may travel from very distant areas, e.g., Ghana, where the behavior is not reported 

to occur (May, 1996; Fotso, 1998; Dandliker, 1992). Long distance communication and 

ranging near mineral licks could be particularly important to Grey parrots that have 

traveled from very distant areas. Too, ranging at large clearings such as Bolou and 

Djengue Bai would be especially adaptive because (1) ground feeding appears to require 

a minimum flock size and (2 ) "meeting areas" (important to the congregation of large 

numbers of individuals as a precursor to ground feeding) and feeding areas tend to vary 

and thus require parrots to locate them through the vocalizations of conspecifics. 

When and where Greys produce the TH call also support the assertion that it is the 

counterpart to the loud contact call of other Psittacids (Bradbury, 2003). With the 

exception of squawks and possibly some low amplitude calls (excluded from or 

underrepresented in this catalogue), the large proportion of TH call samples identified in 

this study suggest that the TH call is the most frequently produced call in the vocal 

repertoire. Furthermore, Greys produce the call in a wide variety of locations, times of 

day, and circumstances. They produce the call near the nest during morning or afternoon 

hours, either in a discrete manner or as a duet component. During morning hours. Greys 

produce it in flight as they approach a clearing, as they perch in a clearing, either during 

individual behavior, or in association with ground feeding. Greys also produce the TH 

call in the forest canopy, either during morning hours in association with foraging (i.e., 

during approach to a foraging tree) or during early evening hours in association with 
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possible "pre-roosting" (DSndliker, 1992) or "staging" (Bradbury, 2003) behavior. 

Finally, wild-caught and presumably stressed individuals produce the call when caged, 

including responses to flocks flying and calling overhead. Clearly, the TH call is 

important to a wide variety of daily activities. 

If the TH call is actually a loud contact call, then it should possess other 

contextual use and variation in acoustic characteristics (Bradbury, 2003). Greys should 

also produce it in other contexts and locations not yet recorded, such as when Greys 

arrive at and depart from communal night roosts. The TH call should also show high 

variability at all levels including differences within and among individuals, within and 

among groups, and among geographic regions. Samples used to develop this catalogue 

show variation sufficient for indicating both individual and group variation, particularly 

in the rate at which the frequency decreases over time. To better understand structural 

variation in the loud contact call and other calls, future study should examine the 

behavior of individually marked or tagged Greys at communal night roosts where they 

are less likely (versus at clearings) to form temporary aggregations of multiple social 

groups. If future research determines that Greys produce loud contact calls at roosts, then 

between-roost variation should also be examined to determine whether Greys have 

distinct dialects, as in Yellow-naped Amazons (Wright, 1996), or whether the call tends 

to increase more uniformly with distance, as in Orange-fronted Conures (Bradbury, 2001, 

2003). Such research would provide a more complete picture of vocal learning in parrots. 

As a tonal call with a large frequency range, the TH call may enable Greys to vary 

acoustic structure while maintaining high control of that variation (i.e., frequency 



326 

modulation). Greater frequency control of pure tones, particularly the degree and rate of 

frequency changes over time, would enable Greys to learn and produce a large number of 

variants that are individual-, pair-, family-, or group-specific. Demonstrating that the TH 

call varies at all these levels would lend further support to the hypothesis that it is the 

loud contact call (Bradbury, 2003). 

Soft Contact Call. The TR call is the best candidate for a Psittacine soft contact call 

with regard to its acoustic characteristics, manner of production, ubiquity, and context 

(Marler, 1955; Morton, 1975; Hope, 1980; Wiley & Richards, 1982; Bradbury & 

Vehrencamp, 1998; Bradbury, 2003). 

The TR call's low amplitude, short range, high locatability, high fidelity in 

vegetation, and repeated production suggest that it is a soft contact call. A low amplitude 

is characteristic of the soft contact calls of other parrot species (Bradbury, 2003). A short 

range, high locatability, and high fidelity in vegetation would make it useful for 

maintaining close contact/spacing among flock members, particularly when they move as 

a group through vegetation—the main defining context of the parrot soft contact call 

(Bradbuiy, 2003). Bradbury's (2003) definition of a parrot soft contact call suggests that 

high fidelity in vegetation is an effective if not requisite feature. Furthermore, repetition 

of the call, regardless of whether flock members respond to it, is a feature common 

among parrot soft contact calls (Bradbury, 2003). Greys produce this call frequently and 

repeatedly when perched, and often increase the rate of repetition in sets of two when 

moving horizontally through vegetation immediately prior to ground feeding at the 

clearings. 
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The acoustic features of the TR call that make it highly distinct and salient would 

make optimal as a soft contact call as well. If it elicits the attention of parrots, then it 

could function in one to three ways. It may serve to reveal the location of callers (1) as 

they move through vegetation and (2) as they remain perched. When callers initiate 

short-distance movement, e.g., hopping or flying to nearby branches, the TR call may 

also serve to (3) effectively elicit coordinated movement from flockmates. 

Variation of acoustic characteristics within the TR call type suggests a potential for 

some level of identification. Although the TR call is highly distinct from other call types, 

spectral variation clearly exists among the three variants and temporal variation possibly 

occurs too. Although it is not known whether spectral or temporal variation within the 

TR call type covaries with any level of identification, such variation provides for the 

capability of identification at multiple levels—individuals, pairs, groups, and populations. 

If aggregations at the clearings comprise parrots from multiple social levels, then it is 

possible that variation in the TR call could covary with these levels. 

The high proportion and ubiquity of TR calls suggest that this type is one of the core 

Grey Parrot call types. Too, it is likely one of the most commonly produced calls in the 

Grey parrot vocal repertoire, particularly when parrots congregate in trees at clearings. 

Implicit in Bradbury's (2003) definition, parrots with a large vocal repertoire that often 

move as a group through vegetation should produce soft contact calls relatively often or, 

at the very least, not rarely. Second, although apparently common in the repertoire, it is 

less common than the TH call, which is consistent with the reasoning that the TH call is 

the loud contact call. The only attribute of the TR call that does not correspond to 
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Bradbury's definition is production in the context of perching. However, when Greys 

produce the call in this context, they seem to produce it less frequently and with less 

repetition than when they move through vegetation as a group (personal observation). 

Pre-flight Call. The NS call or "squawk" is the best candidate for a Psittacinepre-

flight call with regard to its acoustic features and context; its acoustic features also 

enhance its locatability. Like the pre-flight calls of other parrot species (Bradbury, 2003), 

the Grey Parrot squawk is a relatively harsh and loud call, in fact one of the loudest and 

most comspicuous calls in the repertoire. Its intensity, noisiness, and abrupt onset 

enhance its capability for evoking or shifting the attention of a receiver (Owren & 

Kendall, 2001). Its broad bandwidth and abrupt onset make it highly locatable, more so 

than tonal calls (Marler, 1955,1967; Klump & Shalter, 1984), which might be useful to 

both caller and receiver. For example, the squawk might indicate the location of flight to 

conspecifics. However, a caller might also draw the attention of a nearby predator and 

reveal its location; if so, then rather than endangering the caller, perhaps it instead 

communicates to the nearby predator that it has been detected, as in the stoning of 

Thomsen's Gazelles (Caro, 1986). Emission of squawks, either by individuals departing 

a nest or by large flocks parrots taking flight, may discourage attack from raptors because 

the raptors know they have been detected (Klump & Shalter, 1984; Zuberbuhler, Jenny, 

& Bshaiy, 1999). 

Like other parrots. Greys produce the squawk immediately prior to taking flight 

(Bradbury, 2003), especially from purported nests; however, they also produce the 

squawk immediately after taking flight. In the latter case, receivers could assess the 
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direction of flight through repeated squawks given in flight. At clearings, large flocks 

produce an abundance of squawks, especially when they take flight from trees. Although 

squawks precede flight more than any other Grey Parrot call and often co-occur with 

flight, they are not produced exclusively in association with flight (see Agonistic Protest 

section below). Because this call usage does not match Bradbury's (2003) definition 

completely, i.e., a specific call produced by flock members prior to flight, perhaps then a 

slightly different term should be applied for the case of the Grey Parrot: flight call. The 

flight call is a loud noisy call produced by either pair or flock members prior to or shortly 

after taking flight. 

Agonistic Protest. The NS call, or "squawk" is the best candidate for a Psittacine 

agonistic protest with regard to its acoustic characteristics, manner of production, and 

context (Morton, 1977; Bradbury & Vehrencamp, 1998; Bradbury, 2003). Like other 

parrot species. Grey Parrots produce a loud "squawk" as a component of threat displays 

or in association with aggression (Hardy, 1963; Power 1966a; Wyndham, 1980; Pidgeon, 

1981; Saunders, 1983; Martella & Bucher, 1990; Copsey, 1995; Bradbury, 2003). The 

Grey Parrot squawk's harsh timbre, high intensity, low frequency, short duration (at least 

for each burst), and conspicuousness are consistent with its use as a threat signal (Morton 

1977; Bradbury & Vehrencamp, 1998; Bradbury, 2003). Another acoustic feature that 

suggests that squawks are threat signals is the low frequency portion of the bandwidth 

(-400-900 Hz), which could provide information about body size (Bradbury & 

Vehrencamp, 1998). At close range, the Grey Parrot squawk clearly has the capability of 

inducing a startle response (Owren & Kendall, 2001), which may be sufficient for 
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defending a physical position, such as a preferred perch location, or for displacing an 

individual from that position. In Grey Parrots, short loud squawks may but do not always 

accompany disputes that involve harmless lunging that ends with one individual flying to 

another position. Although not specifically examined in this study. Greys appear to 

produce a number of squawk variants or squawk-like calls in association with agonistic 

behavior. These vary in duration, loudness, and the degree of harshness (intensity) and 

therefore can provide information regarding the level of motivation (Bradbury & 

Vehrencamp, 1998). 

The squawk resembles a Psittacine agonistic protest also because it is a loud squawk 

produced during minor conflicts, but its acoustic features suggest functions beyond 

protest. The conflicts I observed appeared not to result in injury. At the clearings, when 

one individual would approach another perched on a branch and they would begin lunge 

at each other, squawks often accompanied the exchange. Whether squawking serves to 

intimidate is not clear but it does appear to maintain individual spacing behavior, 

especially when parrots are perched in barren trees at clearings. This call's high 

locatability, however, may provide an additional function regarding receivers not directly 

involved in the conflict. The squawk could serve to draw the attention of other flock 

members to the interaction, enabling them to eavesdrop on the interaction (McGregor & 

Peake, 2000). By doing so, the calling parrot could influence, to his or her advantage, 

future interactions or potential relationships with other flock members that witnessed and 

remembered the incident. Or, how frequently the call is produced could be used as a way 

to monitor group size aurally or to entice other parrots to join the congregation. In either 
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case, more squawks produced would indicate a larger congregation because squawks 

would occur more often as more parrots join the congregation and as available perches 

become more scarce. And, a larger flock is a more ideal prerequisite for ground feeding. 

Because Greys appear to produce the squawk as both a flight call and agonistic call 

should not make the assertion implausible. Although not analyzed closely, the various 

ways that Grey parrots produce the squawk appear to vary both temporally and spectrally. 

Greys produce the squawk either singly or repeatedly and the duration can be very short 

to moderate. The timbre varies as well; It can sound more or less raucous. Too, what I 

have designated as a single category may in fact comprise multiple categories that for 

parrots can be acoustically and functionally distinct. 

The NG call, or "growl", although it does not fit Bradbury's (2003) definition of 

Psittacine agonistic protest as well as the squawk, it is clearly a threat signal (Morton 

1977; Bradbury & Vehrencamp, 1998). The growl is a highly intense call with pulsed 

structure and a moderate to high amplitude. In contrast to the squawk, the growl has a 

longer duration, >2 sec, and lower frequency range, extending below 400 Hz. The lower 

frequency has greater potential for providing information regarding body size (Morton 

1977; Bradbury & Vehrencamp, 1998). In this study, the only recording obtained was 

from a captured individual in a small cage; the bird produced the call in sustained 

repeated bursts. In captivity, Pepperberg's subject Alex produces the growl occasionally 

during treatment at the veterinary clinic (personal observation). Interestingly, Alex 

differs from Pepperberg's younger less-experienced subjects in this way; They typically 

produce the scream (see distress call described below) in this context. 
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The pulsed structure as displayed in spectrograms shows similarity to pulsed 

structure of the growl produced in three dialects by Yellow-naped Amazons (Wright, 

1997). In this species, neighboring pairs produce a few growls between exchanges of 

loud pair duets. These growls are soft calls with a relatively low frequency of 

production. Wright reports that across dialects, the parrots share the pulsed structure but 

that each dialect differs in pulse frequency and rate, and note length. In comparison to 

Wright's description of the acoustic structure of Yellow-naped Amazon growls, the Grey 

Parrot growl I recorded has significantly longer and louder notes and longer overall 

calling bouts. 

Distress Call. The NC call, or "scream", is the best candidate for a distress call 

because of its contextual usage and its acoustic structure. The distress call is an assembly 

alarm call designed to elicit movement of a parent or mate toward the sound (Bradbury & 

Vehrencamp, 1998). Bradbury (2003) describes parrot distress calls as calls produced 

"by injured or threatened birds." 

Consistent with these definitions, both free-living and captive Greys produce the 

scream in specific contexts: free-living Greys when captured by a raptor or in a net and 

both free-living and captive Greys when restrained by humans (personal observation). 

Also consistent with these definitions is the observation of a Grey Parrot, perched on the 

rim of a tree cavity (probably the location of its nest) that produced the scream repeatedly 

until a second individual, presumably its mate, flew in and landed next to it. 

Cameroonian parrot trappers also claim that the scream, when emitted by trapped Grey 

Parrots, attracts other Grey Parrots. 
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The acoustic structure of the scream, or NC call, possesses most of the signal design 

features of a distress call (Bradbury & Vehrencamp, 1998). The distress call should 

possess acoustic characteristics that enhance its locatability. One way is to have a 

broadband or noisy structure (Morton, 1977,1982; Wiley & Richards, 1982), which 

provides both directional and distance information (Wiley & Richards, 1978,1982; 

Richards, 1981). Another way is to repeat the signal at a regular rate (Bradbury & 

Vehrencamp, 1998). The Grey Parrot scream is a very loud, harsh, broadband signal, 

probably the loudest and harshest in the repertoire (at least to the human ear). It 

comprises elongated notes that Grey Parrots repeat at a regular rate. When captured by a 

predator, may operate as a predator deterrent, either by startling the predator ('defence 

call'—Klump & Shalter, 1984) or by attracting other parrots that may distract, mob, or 

attack the predator (Klump & Shalter, 1984; Owren & Rendall, 2001). In sum, one or 

more of these functions are possible because they need not be mutually exclusive, 

particularly if they can occur simultaneously. 

Other Alarm Calls. Another parrot alarm call type is one produced in response to the 

sighting of an approaching predator, a call that typically elicits evasive action from 

receivers (Bradbury, 2003). This call is a flee alarm call, a call produced when a group 

of animals may be in danger of a imminent predatory attack (Bradbury & Vehrencamp, 

1998). In contrast to the distress call, which attracts dispersed receivers toward the 

sender, the flee alarm call causes clumped receivers to move away (i.e., disperse) or hide 

(Bradbury & Vehrencamp, 1998). The classic example of the flee alarm is the seet call, a 

form convergent in a number of Passerine species (e.g., Marler, 1955,1977; Catchpole & 
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Slater, 1995). With regard to the present Grey Parrot vocal catalogue, no obvious single 

call type had both a consistent context as described above (e.g., produced immediately 

prior to group fl ight) and all of the design features of flee alarm signal (Bradbury & 

Vehrencamp, 1998): (1) a medium intensity, (2) a pure tone, (3) delivery as a single call, 

and (4) a high frequency. On the one hand, at least three Grey Parrot calls possess the 

design features of a flee alarm call, the TQ, TT, and TU call types, but I did not observe 

an obvious association between the production of any of these calls and flocks of Greys 

taking flight. On the other hand, I did observe an association between the highly 

distinctive NZ call (Zip) and parrots taking flight, especially groups in the forest clearings 

(produced immediately prior to or following a individual or group taking flight). But, the 

zip lacks three of the four design features of a flee alarm call according to Bradbury & 

Vehrencamp (1998): That is, it lacks a gradual onset, a pure tone, and a high frequency. 

The zip has a relatively abrupt onset, it is a broadband signal, and has frequencies in the 

middle range. Still, its contextual usage and distinctiveness among Grey Parrot calls 

suggest that it is an alarm call because these features enable a rapid and unambiguous 

message (Shalter and Schleidt, 1977; Klump & Shalter, 1984). If indeed the zip is a flee 

alarm, perhaps then Grey Parrot flee alarms are more like the flee alarms of some large 

mammals (that are less concerned about locatability than small birds), such as the snort of 

antelopes (Bradbury & Vehrencamp, 1998). Or, it might be the case that Grey Parrots 

produce the TQ, TT, or TU call, each of which is more like the Passerine sect call, when 

birds sight an aerial predator such as a hawk at some distance. And, when birds sight a 

nearby aerial predator, they produce the zip (NZ call), which is acoustically more similar 
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to the Great Tit's {Parus major) scolding call (Klump & Shalter, 1984). A playback 

study would be needed to test the hypotheses that the TQ, TT, TU, and/or zip calls 

function as flee alamas. 

Pair Duets. Although my research did not focus on pair duets, both field 

observations and spectrographic analysis suggest that Grey Parrots produce pair duets. 

Duets are temporally coordinated acoustic displays produced by members of a mated pair 

or family (Farabaugh, 1982). At least two Grey Parrot pairs observed and recorded in 

this study produce loud coordinated sequences of calls near tree cavities. These 

sequences show high contrast with all other Grey Parrot vocal behavior with regard to 

their duration, composition, and coordinated production. 

Not only are these call sequences distinct from other Grey Parrot vocalizations but 

also they are excellent candidates for Psittacinepair duets as defined by Bradbury (2003). 

According to Bradbury; "Where the pattern of mutual calling is at least somewhat 

stereotyped or syntactically predictable and rarely given by a single individual, the 

exchange has been called a 'pair duet'" (p. 310). All observed Grey Parrot duets are 

produced by at least two individuals. Although these duets do not have a highly 

stereotyped sequence of call types, they do share some characteristics. They may 

comprise 13 to 23 elements (calls) from only a small subset of the vocal repertoire (at 

least as reported in this catalogue); primarily tonal calls and relatively few harmonic, 

noisy-harmonic, and noisy calls. Most include 1 to 3 TH calls and 1 to 2 TL calls. Five 

duets examined in more detail showed a discernible pattern in which pair members 

produced calls in loose order in which some calls occurred in some section of the duet 
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more than others, and with the effect of maximizing frequency range. These sequential 

patterns some similarity to Yellow-naped Amazon duets, which have a three-phased 

syntax that includes wdthin-phase variation and sex-specific call types (Wright, 1997; 

Wright & Dorin, 2001; Bradbury, 2003); but, it is not clear whether Grey Parrot duets 

have sex-specific notes. Grey Parrot pairs often include at least one TH call, the 

purported loud contact call for this species. Inclusion of the contact call is a feature also 

shared with the pair duets of Orange-chinned Parakeets and Yellow-naped Amazons 

(Power, 1966; Wright, 1997; Wright & Dorin, 2001; Bradbury, 2003). Like the pair 

duets of other parrot species, the general sequential pattern of purported Grey Parrot 

duets appears somewhat predictable, that is, it has a large-scale contour (primarily tonal) 

that (1) increases and then decreases in frequency dramatically and (2) includes the loud 

contact call. 

Although sample size is too small to make any conclusions, the contextual use of 

these conspicuous call sequences suggest that they have a function tied to mated pairs and 

possibly to a distant audience. All identified samples came from recordings of pairs 

perched near frequented tree cavities, which may have been nests or potential nests, 

although, as noted previously, the cacophony produced at the clearings may contain 

undetected duets. Nevertheless, the loud call sequences produced by pairs near purported 

nests suggest that these vocalizations are pair duets. 

Interestingly, the only pair observed (Bolou Nest 2) that did not produce pair duets 

also exhibited other behavior distinct from other pairs. This pair visited, modified (with 

their bills), and remained in or near the tree cavity far less than pairs near Dzanga Nest 1 
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and Bolou Nest land less than one would expect during nesting (i.e., incubation). 

Subsequent inspection of the cavity's contents confirmed that it contained wood dust, 

created from excavation by parrots, but neither eggs nor young (May, 1998). If these 

parrots were in the early stages of forming a pair bond, then they may not have yet 

developed their duets, especially if duets are learned. Or, perhaps these parrots were not 

a mated pair and only mated pairs produce duets. 

As shown by Pepperberg (1999) in the laboratory, social interaction is critical to 

vocal learning in Grey Parrots and therefore, if Grey Parrot duets are learned, then the 

proficiency with which they are learned should be related to the quantity and quality of 

social interaction between mates. Thus, more experienced pairs or more tightly bonded 

pairs may show greater proficiency in the production of duets. Recordings with a 

microphone positioned near tree holes used by pairs may help determine whether Grey 

Parrots produce other vocalizations, either by one or both pair members, that may also 

show a stereotyped or predictable structure—but that are considerably softer. In the 

laboratory, when separated but in ear shot of trainers (i.e., in another room with the door 

open). Grey Parrots often produce vocal exchanges identical or similar to sequences 

produced during training. For example, one subject, Kyaaro, often produced the 

sequence: "Listen...beep-beep-beep...How many?...Four...Nooo!" My observations of 

vocal behavior of pairs are consistent with the hypothesis that they are learned for a 

combination of at least three reasons. First, no two duets, even those emitted by the same 

pair, are the exactly the same; at least one pair produced 13 unique duets in one afternoon 

alone. Second, duets typically include at least a few call types that in themselves are 
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most likely learned, e.g., the TH call (purported loud contact call). Third, some call types 

(produced outside duets) are produced in duets more often than other types, suggesting 

inclusion/'exclusion based on learning. In summary, duets appear to have both variability 

and common structural elements. 

A number of hypotheses have been proposed to explain the function of avian pair 

duets and some are non-mutually exclusive (Farabaugh, 1982; Hall, 2004). An early 

hypothesis proposes that duets help form or strengthen the pair bond (Thorpe & North, 

1965). In the coyness hypothesis, duets signal commitment to one's partner (Wickler, 

1980). The "joint defense" hypothesis proposes that birds duet to defend some resource 

collaboratively (Seibt & Wickler, 1977: cited in Hall, 2004). Birds may also use duets to 

assess partner commitment (Smith, 1994), or males and females may use duets in 

different reproductive strategies, e.g., unpaired males to attract females, paired males to 

defend mates against rival males, and females in intra-sexual aggression in possible 

territory defense (Levin, 1996a, b). With only a few exceptions, it is not clear whether 

these hypotheses proposed to explain duetting in songbirds also apply to parrots. 

In a study on pair behavior in captive White-winged (Canary-winged) parakeets 

{Brotogeris versicolurm), Arrowood (1988) concluded that the function of duets is not to 

help form or strengthen the pair bond (Thorpe & North, 1965) but instead to coordinate 

agonistic behavior toward conspecifics. Arrowood (1988) found a strong positive 

correlation between duetting and agonistic behavior such as pairs' coordinated defense of 

day and night roosting sites, feeding sites, and nesting sites. Too, duets are also more 

common in older than in newly formed pairs (Arrowood, 1988). 
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Wright (1996) concluded that the "loud duets" of Yellow-Naped Amazons probably 

functions "in the 'joint defense' of pair resources" (p. 61). He also notes that these parrots 

may also use these duets both to assess, i.e., "attentiveness," and indicate commitment to 

the pair bond. 

Serpell (1981) examined cooperative displays of Trichoglossm species and 

concluded that these fall into three functional categories: cooperative threat displays, 

pacifying cooperative displays, and cooperative warning displays. He described 

agonistic signals as louder, longer in duration, and more complex (i.e., how precisely pair 

members coordinate their vocalizations during duetting). He reasoned that louder and 

longer signals "increase the overall impact" on receivers and that "temporal alternation 

would avoid asynchronous overlap and possible interference between signals" (p. 279), 

In contrast, other signals are lower in intensity, shorter in duration, and less precisely 

coordinated. He reasoned that parrots produced these signals for the "pair-partner". 

My observations of Grey Parrot duetting behavior are not sufficient to draw 

conclusions regarding their function. Before any function can be tested, more 

observations of multiple duets from multiple marked/tagged Grey Parrot pairs are needed. 

Do any "syntactical" patterns emerge within and among pairs? Are there sex-specific 

notes? Do pairs exchange duets? If so, does agonistic behavior accompany duets? 

Eventually, playbacks and other experimental manipulations can test hypotheses directly. 

Warble Sequences. The acoustic structure and behavioral context of some calling 

behavior of Grey Parrots suggest that they warble. Warbling has three definitive 

structural characteristics: (1) it varies within and between individuals, (2) it varies in 
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length, and (3) it possesses no structured ordering of components (notes, syllables, calls) 

(Farabaugh & Dooling, 1996; Bradbury, 2003). According to Bradbury (2003), parrots 

warble around nests, during resting periods, or during 'late-afternoon staging' and can do 

so with no apparent receiver. Non-patterned call sequences produced both by Grey 

Parrot pairs at or near tree cavities in the forest and by flocks at the clearings may qualify 

as warbling. 

In at least two pairs I observed, one or both members produced what appears to be, 

in the words of Bradbury (2003), "long rambling vocalizations with highly variable note 

types" at nest sites (p. 302). These calling bouts clearly differ from other calling behavior 

near nest sites. Unlike squawks (NS = preflight), zips (e.g., NZ = flee), and screams (NC 

= distress), which Greys produce either singly or repeatedly and with a possible 

associated event like flight or an obvious receiver like a mate. Greys produce non-

patterned vocal sequences of variable length and with no obvious associations or 

receivers. Calls produced in these series seem to have no obvious temporal relationship 

with one another and bouts have an unlimited number of call types. These sequences 

contrast with duets, which have some level of sequential structure, a limited number of 

call types, and more precision in timing. Grey Parrot "warbling" vocalizations also 

contain amplitude and temporal differences. Warbled calls produced near nests often 

have a low to moderate amplitude and pauses of unpredictable length between them, 

whereas duet notes have a high amplitude and short or no pauses between them. 

Although these differences between duetting and warbling suggest that the function of 

duets and warbling are different, the function of warbling is not clear. 
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Behavior similar to warbling near nest sites also appears to occur in captive-raised 

Grey Parrots. Pepperberg's subject, Alex, engages in monologue speech (Pepperberg, 

1999). According to Pepperberg (1999), monologue speech comprises two forms, private 

speech and social-context speech. Alex produces private speech when alone and social-

context speech when receivers are present; both forms have no obvious communicative 

function. Most often, Alex's monologue speech is private speech. In contrast, Alex 

clearly directs social speech, e.g., answers to queries during training and testing, toward 

other individuals (Pepperberg, 1999). When Pepperberg (1991) investigated Alex's 

private speech, she found that it differed from social speech in the following ways—:A 

small proportion included novel vocalizations, not yet used when human receivers were 

present, whose phonological structure was not the same as but similar to words targeted 

during formal sessions with human trainers. His monologues also included utterances 

typically produced during both training sessions and other interactive periods but these 

only rarely included exact replicas of exchanges that occurred during training sessions. 

Like the warbling of individuals near nest sites, Alex's "calling bouts" comprised highly 

variable "note" types, including both novel and known types, in relatively unpredictable 

sequences, and, he produced these for no obvious receiver. Pepperberg (2003) concluded 

that Alex's monologue speech could be a form of "consequence-free language practice" 

(p. 228). 

Todt (1975) found that captive Grey Parrots exposed to syllable sequences will, 

when alone, initially produce a large percentage of the same sequences, but, over a period 

of months, will produce less of the replicated sequences and more of recombined forms 
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of these sequences, ones which share spectral and temporal properties of the sequences to 

which experimenters originally exposed the parrots. Todt also found that initially parrots 

produced a small percentage of highly variable sequences and that over time, they 

increased the percentage of these sequences. Both the recombined sequences and the 

highly variable sequences may play an important role in learning of vocalizations in Grey 

Parrot. Free-living Grey Parrots may engage in some form of practice of novel sound 

patterns like that of the captive Grey Parrots, which may explain the higher variation in 

some call types and why approximately 200/1500 spectrograms (i.e., uncategorized) 

appear unique. 

Group warbling may occur at clearings. When perched in trees, pairs and small 

flocks of Grey Parrots produce rambling sequences of variable notes much like pair 

members near nests. As more parrots arrive at the clearing and these flocks grow in size, 

however, apparent warbling grows to a loud, often sustained cacophony of often 

simultaneous or overlapping calls. Considered alone, the cacophony may indicate group 

size and serve as an assembly signal (Bradbuiy & Vehrencamp, 1998). However, when 

considered as the sum of multiple individuals producing collections of both catalogued 

call types (e.g, the TH call) and warble sequences, this calling behavior suggests a 

different (perhaps composite) albeit unknown function. 

Behavior similar to purported group warbling at the clearings also appears to occur 

in captive-raised Grey Parrots (personal observation). The behavior seems to occur most 

often during "resting periods" when parrots are in the main part of the laboratory together 

and lab personnel are in another room or engaged in cleaning or other non-parrot-
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interactive tasks. In this context, the parrots may begin to produce speech sounds, 

usually words and phrases from training sessions; these inevitably regress into seemingly 

random loud whistles. Human trainers typically do not encourage the behavior because it 

is a lab "rule" and because the cacophony produced by the parrots is unpleasant, 

especially because it is uncomfortably loud. Because this behavior appears to occur both 

in free-living and laboratory-raised Grey Parrots, it suggests that Grey Parrots may have 

an inherited predisposition to engage in frequent production of very loud vocalizations in 

a group setting. Furthermore, individuals appear increasingly stimulated to engage in the 

behavior as they hear more and louder vocalizations produced by other individuals. The 

behavior may have more than one function. The loud whistling appears to occur more so 

when the birds are all in the main laboratory together and less so when one bird is alone. 

These vocalizations also often occur when one bird is separated from the captive "flock" 

(i.e., in another part of the laboratory). Often these vocalizations cease when a human 

walks into the room. 

Warbling in parrots is largely unstudied. Perhaps the only species for which the 

function is understood is Budgerigars. In this species, both the production and hearing of 

warble songs synchronizes reproductive behavior by stimulating gonads in both sexes 

(Brockway, 1965,1967,1969; reviewed in Farabaugh & Dooling, 1996). In other 

species, the function is largely unknown (Bradbury, 2003). Thirteen species of parrots 

do, however, engage in social play. Complex social play is more likely to occur in 

species with delayed reproduction and prolonged relationships between post-fledging 

juveniles and adults (Diamond & Bond, 2003). Diamond & Bond (2003) define social 
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play as "play behavior that involves at least two individuals who interact with and 

respond to each other and are thus capable of exchanging information" (p. 1093). They 

also note that social play incorporates behavior from a variety of contexts "into labile 

temporal sequences" that animals often repeat mutually and that these animals need not 

be juveniles. Although the social play reported in this analysis consists of physical play, 

such as bill grappling, the group warbling of Grey Parrots may qualify for this definition 

of social play. 

My general observations of possible Grey Parrot warbling behavior provide only a 

brief glimpse into what may be an important component of Grey Parrot vocal behavior. 

As for duets, more observations of multiple warble sequences from multiple 

marked/'tagged Grey Parrots are needed to determine the nature of variation both within 

and among individuals and contexts. Do unique call structures appear in warble 

sequences more than common call types? Do unique call structures appear derived from 

more common call structures, as in Alex's private monologue speech? Do series of 

warble notes show no pattern in their or do they indeed have a complex pattern? 

General Discussion 

A high flexibility for vocal production and hence a diverse repertoire may have 

evolved in Grey Parrots to better adapt them for vocal communication in the diversity of 

environmental and social conditions they encounter throughout their long lives. These 

birds need to communicate in low light or dark conditions when; tending to a nest in a 

tree cavity, feeding in dense foliage, or gathering to sleep for the night amongst the loud 
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wideband insect hum. They also need to communicate in bright light when positioned 

high on an exposed perch, low on the ground in a forest clearing, or in high above the 

canopy in flight. Communication may occur between one individual and a mate, sibling, 

or parent, or possibly among thousands of individuals, such as unrelated and foreign 

conspecifics. Too, these conditions vary across circadian and circannual cycles. 

During its circadian cycle, a Grey Parrot encounters a number of physical and social 

conditions. With regard to communal night roosts, which may occur in palms along a 

river or in the forest canopy (Dandliker, 1992), a parrot may need: (1) to identify itself as 

belonging to the roosting group on approach to a potential roosting area, (2) to recruit 

other individuals to a roost (Dandliker, 1992; Bradbury, 2003) or possibly "negotiate" 

with roostmates to determine a safe location to sleep, (3) to locate a mate or family 

member amongst its roostmates, or (4) to alert its roostmates to danger. With regard to 

nests, it may need; (1) to identify itself and its location to its mate on approach to the 

nest, (2) to solicit a variety of behaviors from its mate, parents, or offspring such as 

approach, allofeeding, or copulation, (3) to engage in mutual vocal displays like duetting, 

(4) to alert its mate or family member to the presence of a predator or competitor. With 

regard to feeding areas within the forest, it may need: (1) to locate an ephemeral food 

source, such as a particular kind of fruit at a particular stage of ripening and communicate 

its location to a mate, family member, or flock member, (2) to identify itself to a mate, 

family, or other flock members as it approaches or departs a feeding area, (3) to decide 

when to abandon one food source to move to another, especially when it needs to be 

accompanied by a mate or other flock members, (3) to alert others to the presence of a 
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predator. With regard to forest clearings, it may need: (1) to locate a perch that will both 

maintain some level of protection from predators and enable recruitment of conspecifics 

for the purpose of subsequent group feeding on the ground, (2) to locate a mate, family 

member, or flock member amongst other calling parrots that may belong to other social 

groups, (3) (a) to locate an area ideal for marshy plant or soil consumption, which may be 

yet another ephemeral resource, such as soil in a particular state of saturation, and (b) 

influence conspecifics to feed in a chosen area (4) to begin group feeding by eliciting 

cohesive movement toward a feeding area (i.e., through vegetation) or by eliciting 

coordinated relay-like movement in and out of a feeding area, (5) to decide when to 

abandon one perch or feeding area to move to another and elicit cooperative movement 

from other flock members, (6) to alert other parrots, including possible strangers, to the 

presence of a predator. A Grey Parrot needs to communicate while perched in high 

exposed barren branches or the lower branches of broad-leaf vegetation. Near tree 

cavities, pair members call both in and out of visual contact with each other, and in either 

a coordinated (i.e., duets) and uncoordinated (i.e., warbling) manner. At feeding sites and 

pre-roosting sites within the forest, pairs and small groups may occur in close proximity 

but have only minimal visual contact while perched in the canopy, especially at dusk. At 

clearings, large flocks congregate and call where visibility can be low, especially when 

moving through vegetation, or high, especially when perched in tall barren trees. Grey 

Parrots call when flying short distances, such as from one area to another area of a 

clearing. They may also call during long-distance flight, such as when departing the 

roost to a feeding area several or many kilometers away. Given the diversity of 
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of tonal, harmonic, noisy-harmonic, and noisy vocal production that varies in either a 

graded or discrete manner. 

During its circannual cycle, a Grey Parrot encounters still more variability. Diet is 

diverse and dietary habits shift throughout the year (Dandliker, 1992; Tamungang, 1997; 

Tamungang & Ajayi, 2003). Parrots may coordinate their movement patterns and travel 

long distances to track temporally and spatially variable resources (Chapman et al, 

1993). In fact, the Congo Basin may be the only location in Africa where Grey Parrots 

feed in large numbers on soil. If true, such behavior suggests two possibilities: (1) Grey 

Parrots travel hundreds of kilometers to seek theses soil licks and (2) they may engage in 

the fusion and fission of social groupings (Bradbury, 2003). Because roosting and some 

feeding behavior requires relatively large numbers, relatively large groups may need to 

coordinate the timing and geography of their long-distance movements. Coordination 

may require both social and environmental cues because the timing of seasonal/weather 

changes and thus fruiting phenology are not highly predictable, as in temperate latitudes. 

For reproduction, pair members need to coordinate their behavior, which may include (1) 

reconnaissance for a suitable nest site and resources related to needed dietary change, (2) 

territorial defense, and (3) predator avoidance. Once the young have fledged, the family 

will need to coordinate their behavior with other conspecifics to resume or initiate 

roosting and other non-breeding behavior patterns (Dandliker, 1992). Throughout the 

year(s). Grey Parrots may encounter and potentially recognize thousands of individuals 

during fusion events. 
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A complex vocal repertoire may be the inevitable consequence of not only a high 

diversity of conditions, as noted above, but also the high demands of a complex social 

structure. Because of their dependence on each other for resources, predator avoidance, 

and reproduction. Grey Parrots may need to identify, remember, and categorize not only 

numerous individuals but also the past behavior associated with particular individuals and 

the relationships among individuals. Vocal communication may facilitate processing and 

remembrance of this information. Laboratory research shows that a Grey Parrot (1) can 

produce a minimum of 100 acoustically and functionally distinct vocalizations to 

describe or manage its companions and environment, (2) can possess and communicate 

an understanding of concepts like shape, color, relative size, and number, (3) engages in 

what is likely to be vocal practice, and (4) leams and restricts its vocalizations, i.e., 

mimicry of allospecific sounds, according to social outcomes. Behavior observed during 

the course of my research indicates that vocal communication is a large and important 

component of Grey Parrot behavior. Each individual has a plethora of behavioral options 

at any given moment, e.g., with whom, where and when to fly, feed, and sleep. Vocal 

communication, including the possibility that receivers gain "public information" in 

group settings, clearly enables the individual to effect these choices, choices which have 

both immediate and long-term consequences for its fitness (Danchin, GiraJdeau, Valone, 

& Wagner, 2004). 

This catalogue is the first step in the comprehensive description of the vocal 

repertoire of free-living Grey Parrots. Some researchers have questioned the use of a 

catalogue, i.e., categorization of vocalizations, to describe vocal behavior that is not 
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primarily acoustically or functionally discrete (Morton, 1977; Hailman & Ficken, 1996; 

Owings & Morton, 1998). However, this catalogue is not merely a simple taxonomy of 

vocalizations. Rather, it is a detailed description of the acoustic structure of vocalizations 

recorded in a variety of locations, embedded with details regarding structural variation 

and contextual use. This description provides a foundation for future research on Grey 

Parrot vocal behavior. Future research should include studies of how vocal patterns vary 

within and among individuals, pairs, and larger social groups (parrots that roost together), 

and studies of how, when, and from whom Grey Parrots learn their vocalizations. 

Research should also include more observations and audio recordings of marked or 

tagged parrots; eventually, playback studies should exam the function of specific calls, 

such as that of the TH, NC, NS, and NZ calls, or call sequences, such as duets and 

warbles. 
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