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Abstract 

Black-nest Swiftlet, Aerodramus maximus, is one of the most studied Bornean avian species 

that possesses several unique features in term of its morphology (inconspicuous plumage 

colouration, monomorphic and cryptic to a few other sympatric species), extreme aerial 

lifestyle and cave dwelling habit. This study explored the communication system of this 

gregarious and communal species by reviewing its communication signals (displays) during 

aerial flocking. Field observation and sound recording were conducted at two study sites in 

Sarawak, Bau and Bukit Sarang, Bintulu. Based on the observation data, the overall flocking 

condition was described and an ethogram of aerial behaviour, including both visual and 

acoustic displays was constructed. Meanwhile, the vocalisation samples (acoustic display) 

were first classified into vocal types and categories through perceptual classification to build 

up the vocal repertoire of this species, each type was further characterised with sound 

structure measurements and the measurement data were analyzed statistically to recheck the 

initial vocal classification, the statistical test applied are Kruskal Wallis Test, Principle 

Component Analysis (PCA) and Discriminant Function Analysis (DFA). Selected vocal 

samples with aerial display types noted were also examined to check the association between 

vocal types and aerial display types. The flocking activity condition of this species was found 

to be highly varied from day to day. There were 16 aerial behaviour types recorded under four 

categories: locomotion, individual display, group display and vocal behaviour. While three 

vocal categories, including one type of Rattle Call, five types of Scream Call and two types of 

Chirp Calls, were discovered. Number of Note (NON) was recorded and 12 temporal and 

frequency parameters were measured for each of the types, the measured parameters that is 

efficient in separating vocal categories are Duration of First Note (DFN), Duration of Last 

Note (DLN) and Time Interval between the Second Last and the Last Note (TSL). Another 
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two new findings from the vocalisation study are the existence of triple, quadruple and 

pentuple click designs in Rattle Call (echoclick) and two types of Scream Call are confirmed 

to be individually distinct. 

 

Keywords: Black-nest Swiftlet, displays, aerial, ethogram, vocal repertoire, vocalisation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vi 
 

Kelakuan dan Suara Burung Layang-layang Sarang Hitam (Aerodramus maximus) di 
Persekitaran Ruang Udara Kawasan Bersarang di Sarawak, Malaysia 

 

Abstrak 

 

"Burung layang-layang sarang hitam (Aerodramus maximus)" merupakan salah sejenis 

spesies burung yang paling kerap dikaji di Borneo dan mempunyai beberapa keunikan dari 

segi morfologi (warna bulu yang kurang menarik, monomorfik dan criptik kepada beberapa 

spesies yang simpatrik), cara hidup yang sentiasa di udara dan mendiam dalam gua. Kajian 

ini meneroka sistem komunikasi spesies yang meriah dan komunal ini dengan memeriksa 

isyarat komunikasi ("displays") semasa perhimpunan di udara oleh spesies ini. Pemerhatian 

dan rakaman bunyi di lapangan telah dilakukan di dua lokasi di Sarawak, iaitu Bau dan Bukit 

Sarang, Bintulu. Berdasarkan data pemerhatian lapangan, keadaan semasa perhimpunan di 

udara telah diterangkan secara keseluruhannya dan sebuah etogram ("ethogram") telah pun 

dihasilkan untuk mengumpul jenis-jenis kelakuan ("behaviour types") di udara oleh spesies 

ini, termasuk isyarat visual dan bunyi. Di samping itu, sampel suara burung (isyarat bunyi) 

telah dikelaskan menjadi jenis-jenis dan kumpulan-kumpulan vokal ("vocal types and 

categories") dengan cara pengelasan persepsi ("perceptual classification") untuk 

menghasilkan repertoir vokal ("vocal repertoire") spesies ini, setiap jenis vokal tersebut 

kemudiannya dicirikan dangan lebih teliti melalui pengukuran struktur bunyi dan ukuran-

ukuran seterusnya diuji secara statistik untuk mengenalpasti pengelasan vokal yang 

ditentukan sebelum ini, ujian statistik yang digunakan ialah Ujian Kruskal Wallis, Principle 

Component Analysis (PCA) dan Discriminant Function Analysis (DFA). Sampel vokal yang 

telah dicatat isyarat visual di udaranya dipilih untuk membuat pemeriksaan terhadap terdapt 

perhubungan antara jenis vokal dan jenis isyarat visual. Keadaan perhimpunan di udara oleh 
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spesies ini didapati menunjukkan perbezaan harian yang amat mendadak. Terdapat 16 jenis 

kelakuan di udara di bawah empat kumpulan telah ditemui, iaitu kumpulan gerak alih, isyarat 

secara individu, isyarat berkumpulan dan kelakuan vokal. Manakala terdapat tiga kumpulan 

vokal telah dikenalpasti, iaitu termasuk satu jenis panggilan burung "Rattle", lima jenis 

panggilan burung "Scream" and dua jenis panggilan burung "Chirp". Setiap satu jenis 

tersebut juga telah dicatat bilangan "Note"nya (NON) dan diukur 12 jenis parameter masa 

dan frekunsi, ukuran-ukuran parameter yang berkuasa dalam pengelasan kumpulan vokal 

ialah Jangka Masa "Note" Pertama (DFN), Jangka Masa "Note" Terakhir dan Perbezaan 

Masa di Antara Dua "Note" Yang Terakhir (TSL). Selain itu, terdapat dua lagi penemuan 

baru daripada kajian suara burung tersebut, iaitu kewujudan rekaan suara "click" secara 

"triple", "quadruple" dan "pentuple" dalam panggilan burung "Rattle", dan dua jenis 

panggilan burung "Scream" telah dikenalpasti sebagai berbeza secara individual 

("individually distinct"). 

 

 

Kata Kunci: "Burung layang-layang sarang hitam", isyarat, di udara, etogram, repertoir 

vokal, bunyi burung 
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CHAPTER ONE 

Introduction 

 

1.1 Introduction 

The black-nest swiftlet, Aerodramus maximus, a small aerial insectivore from the swift family 

(Aves: Apodidae), is distributed mainly in the Indo-Pacific region. Judging from its 

inconspicuous morphology of uniformly brown-black plumage, small body size of only 14 cm 

(Smythies 1999) , and swift but sometimes flickering flight, one can hardly recognised that 

this is one of the most studied avian species in Borneo. Those studies fall into two major 

aspects, its breeding biology and echolocation ability, both of which deal with behavioural 

traits of the species. 

��

However, systematic behavioural study of any species of swiftlet including the A. maximus 

remains a missing part. Despite early records (Medway 1962b; Banks 1963; Lim & 

Cranbrook 2002) on the gregarious and highly vocal instinct of this species, there is no 

complete description or systematic review on the communication system and behavioural 

patterns of this bird at all. Among all of the behaviour traits, the vocalisation of this species, if 

not the whole Aerodramus genus, is particularly interesting. The reason is that vocalisation 

which evolved solely for communication (Gill 1990) as in nearly all of the birds and other 

animals, has also evolved to be utilised in echolocation in this genus. Other than swiftlets, this 

ability are only possessed by another avian species, the South American Oilbird, Steatornis 

caripensis (Griffin 1954), and some bats and whales.  
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Aside from the capability to echolocate, swiftlet is a unique group among birds (tribe 

Collocaliini) in terms of its morphology, habitat and behaviour. Those specialities have set the 

limitation and made it an extraordinary subject for Sociobiology study, where diverse groups 

of animals are examined the similarities and differences in their social system to reveal if 

there is any general patterns that explain the social behaviour of a species (Drickamer et al. 

2002). Comparison on behaviour patterns can be made within this group as well as compared 

to other avian group, which do not possess the same extreme features as in swiftlet.  

  

Morphology of swiftlets is not only inconspicuous as mentioned above and lack of special 

structure (such as an extra long tail or crest on head) that usually evolves together with visual 

display, but also is monomorphic and cryptic. Sex cannot be distinguished unless the bird has 

reached maturation and gonad is checked through dissection. Chantler & Driessen (1995) 

pointed out that the field identification of this group is notoriously difficult and field 

identification of some species is not possible in some areas such as Borneo, the Philippines 

and New Guinea. In Borneo, four out of six species, namely the Glossy Swiftlet (Collocalia 

esculenta) , White-nest Swiftlet (A. fuciphagus), Mossy-nest Swiftlet (A. salanganus) and  A. 

maximus, are commonly sympatric, where they usually co-exist in the same caves and similar 

in having the same diurnal feeding habit and overlapped breeding period (Medway 1962a, 

1962b). It is worth to note that unlike other areas of Borneo, A. fuciphagus and A. maximus, 

are curiously allopatric in the entire Sarawak, based on population records at 13 different 

locations in Sarawak (Lim & Cranbrook 2002, p. 151). Beside the C. esculenta that is distinct 

by its white colour belly and blue gloss on body upperparts, the other three species are highly 

similar in morphology with only relative minor differences in plumage colouration of body 

parts and overlapping of body weight and length, although A. maximus are always the largest 
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in size and bulkiest in body shape. Nevertheless, these species are distinct and can be 

correctly identified by the structure of their nest (Cranbrook & Lim 1999, Medway 1966) and 

vocalisation (Thomassen & Povel 2006). At this point, the details on how the species and 

sexual recognitions in these species works are uncertain. The intra-specific sexual recognition 

possibly is only by means of vocalisation as it has been confirmed that sexing in Common 

Swift (Apus apus) is through different vocalisations emitted by male and female of the species 

(Kaiser 1997). 

  

Another notable character in swiftlet, actually in all of the Apodidae members, is their aerial 

lifestyle. This is a group that adapted fundamentally to an aerial existence and the aerial 

lifestyle has a profound effect upon all aspects of their life, where to an extreme extend that, A. 

apus was found aerial roosting (this is an act of resting in the air in wings spread position and 

occurred at high elevation) and copulate in flight (Chantler 1999). Swiftlets do not stand on 

ground or perch on tree while away from their roost site, feeding and resting simply occur in 

air (Cranbrook & Lim 1999). It is a common trait in this group to be gregarious and perform 

aerial flocking. The wing structure of swifts, of long carpus bone and primaries, is highly 

specialised for high speed flight, but also contributes to their low maneuverability and makes 

them unable to fly at low speed (Chantler 1999). Logically, the combination of inconspicuous 

appearance and swift, non-stop movement during flocking should set the limitation to the use 

of visual display. Accuracy of communication signal transmission and interpretation would be 

obviously reduced in this kind of condition; it is harder for the signal sender to perform 

complex ritualised visual displays and signal receiver to detect the signals, thus affect the 

interpretation of signals. Exactly how these limits had shaped the adaptation on the 
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communication system will require firstly, a review on the aerial displays (here and 

throughout the dissertation refers to visual displays) and vocal types of the species. 

  

Lastly, the communal roost and nest site of this bird located in total darkness of limestone 

cave. The roosting, nest-building, copulation and raising of young happen in darkness (Kang 

& Lee 1991, Lim & Cranbrook 2002). Latest observation on the closely related species, A. 

fuciphagus, shows that birds at nest also communicate by tactile stimuli (Fizl Sidq, personal 

communication) beside the commonly known auditory channel. But even so, certain 

objectives in communication such as in reproduction activity still require visual cues and can 

hardly happen in condition of low visibility; advertising of self-condition, courting of a 

member of opposite sex, pair formation, pre- and post-copulatory state usually involved 

striking displays (both visual and acoustic displays) to allow assessment of potential mate and 

coordination of neuroendocrine system while ensuring reproductive isolation (Drickamer et al. 

2002, p. 202). Thus, such displays should occur out of their roosting cave, most likely during 

the aerial flocking, where the use of various kinds of visual and acoustic displays is most 

efficient. 

 

This study explored the communication system of A. maximus by studying its communication 

signals i.e. aerial display and vocalisation, and review these two components to examine how 

these extreme behaviour and habitat had shaped the adaptation  in the species communication 

system. For that purpose, ethogram comprised of the aerial display and vocal repertoire of this 

species was constructed, with conditions and functions of each display and vocal types 

discussed.  Besides, this study serves as solid basis for comparison study, which peruses 

display types as species characteristics. For cryptic group like swiftlet which its taxonomic 
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and phylogeny uncertainty are prevalent, the vocalisation characteristics will also be 

especially useful in field identification and phylogenetic study. 

 

1.2 Research Objectives 

Whether the visual (aerial) display or social vocalisation plays important roles in the social 

interaction of A. maximus would not be clear, unless a comprehensive data set on these two 

components were made for comparison and explicit examination. Thus, this study aims 

mainly to explore and give a more systematic overview of A. maximus social behaviours that 

emphasis on its vocalisations. The major research objectives are: 

1. To produce an ethogram of aerial behaviours of A. maximus during its aerial flocking 

hour, this included both the visual (aerial display) and acoustic (social vocalisation) 

components. 

2. To classify and characterise social vocalisation of A. maximus and to produce its vocal 

repertoire in order to examine structure and function of each vocal type. 

3. To characterise the sound structure of each vocal type based on frequency and 

temporal parameters. 
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CHAPTER TWO 

Literature Review 

 

2.1 Social Behaviour, Animal Communication and Signals 

Social behaviour is defined as the interaction between individuals of the same species, in a 

cooperative manner extending beyond sexual and parental behaviour (Drickamer et al. 2002). 

This interaction required reciprocal communication of a cooperative nature (Wilson 1975), 

meaning the communication involves transmission of signals in between the signal sender and 

receiver to achieve a certain objective.  

 

According to Gill (1990), signals can be in the form of visual, acoustical, tactile, chemical, 

and even electrical, but visual displays (visual signal) and vocalisation (acoustical signal) are 

the main channels of communication in bird. Just like morphological traits, these 

communication signals (behavioural traits) also evolve through time, the process by which 

displays evolve is called ritualisation and the signal function of those movement patterns 

experience changes through ritualisation were enhanced (Eibl-Eibesfeldt 1975). A non-signal 

behavioural pattern (for example, preening action in bird) can evolve into a ritualised display 

with particular function, very often accompanied by variety of conspicuous body structures 

and plumage colour that evolved together with its behaviours. Drickamer et al. (2002) 

modified and listed down the changes that a behaviour pattern may undergo during 

ritualisation of display based on Eibl-Eibesfeldt (1975): 

1. Change in function 

2. Change in motivation 
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3. Exaggeration of movements in frequency and amplitude, but concurrent simplification 

4. �Freezing� of movement into postures 

5. Stereotyping of the behaviour, while keeping frequency and amplitude relatively 

constant even if motivation varies 

6. Development of conspicuous body structures, such as ornamental feathers, enlarged 

claws, manes, sail fins 

 

Both visual and acoustical signals are commonly called display but in Ornithology domain, 

acoustical display is usually separated from visual display and called as bird song/ call. Bird 

song is mended solely for communication. Each species of bird has its own vocal repertoire, 

consisting of a number of calls or songs (there�s no clear boundary between �song� and 

�call�, but in general �songs� tend to be long, com plex vocalisations produced by males in the 

breeding season, while �calls� tend to be shorter, simpler, produced by both sexes and occurs 

in particular contexts (Catchpole & Slater 2008)), serving different functions. Furthermore, 

each song types can be dissected to several numbers of phrases, syllables and notes. 

Construction of a song from those units can clearly be shown in a sonogram, which is an 

illustration of the sound by plotting sound frequency against time (Catchpole & Slater 2008) 

while sound energy was shown by the colour or grayness. Most studies on song type and 

repertoire was mainly based on measuring, analysing and comparing of sonograms. And 

analysing of song syllables might be crucial as Catchpole & Slater (2008) rising up the issue 

of �sexy syllables�, where only certain syllables i n the song bear the main function or massage 

to be conveyed to the receiver (or the key stimulus).  
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These signals and sequences of signal releasing are mostly Fixed Action Patterns (FAPs) that 

recur nearly unchanged from event to event (Drickamer et al. 2002), thus allowing an 

ethogram to be produced through observation. Ethogram is an inventory of the behaviours 

performed by a species under investigation and is the first step for any behavioural study. It 

helps to develop research questions and enables further quantitative study to be conducted 

(Ploger 2003).  

 

2.2 Aerial Behaviour in  A. maximus 

Although A. maximus has always been described as a highly gregarious species (Chantler & 

Driessens 1995; Lim & Cranbrook 2002), systematic and operational description on its social 

behaviour is still lacking. Medway (1962a, 1962b) did the earliest behavioural descriptions of 

A. maximus at Niah cave. He mentioned (Medway 1962b) the flocking event happened 

outside roosting cave in the evening, where a large amount of swiftlet form distinctive loose 

flock at different altitudes. Through survey on the breeding and nesting habits, he suggested it 

is possible the final initiation of breeding and synchronisation of group breeding are caused 

by social factors such as mutual display. However, no further description about the social 

factors mentioned above was made afterwards.  

 

Lim & Cranbrook (2002) later described the flocking activity in more details, showed more 

signs of social interaction �The swiftlets begin to  return to the vicinity of their roosting cave 

as early as 4:00 p.m., soaring and swirling high in the sky, calling incessantly. Dense but 

clearly defined flocks may form at lower altitude. These groups remain together for several 

minutes, at a relatively fixed place in the sky, mostly intact and very seldom breaking up 

entirely. This behaviour is distinct from the large concentrations of swiftlets that gather to 
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feed on swarming termites. � They also mentioned th ere are behaviour appears to be courtship 

display occurred outside the cave.  

 

All member of Apodidae have long narrow wings, their legs too short and weak for walking 

and perching but adapted to cling on vertical surface. During excursions away from the roost, 

their time is spent entirely on wing (Cranbrook & Lim 1999). I speculate that this kind of 

aerial lifestyle combined with their nesting site condition (total darkness) leaves them no 

choice but to perform all the visual displays in the air and maybe even copulate in flight. 

Copulation on the cave wall beside the nest was observed, but the suspected in-flight 

copulation pattern, called �pin- wheeling� was also  observed in A. salanganus, a closely 

related species to A. maximus (Medway 1962a). Other than this, no other aerial display has 

ever been described for this species and its closely related species.  

 

Another interesting situation recorded by Lim & Cranbrook (2002) is that, if the birds 

disperse for forage late in the morning due to heavy rain, they will not form revolving flocks 

around the cave entrance in the evening but fly directly back to the roosting cave at dusk. This 

suggests that the cave entrance area is not the main foraging site, but may serve mainly as a 

�social playground�. It has been proven through var ious observations and obstacle tests that 

swiftlet travels in darkness only by means of sound/ echolocation at a limited power only 

(Medway 1959; Novick 1959; Medway 1967; Griffin & Suthers 1970; Fenton 1975; Griffin 

& Thompson 1982; Fullard et al. 1993), meaning it is totally impossible for the aerial display 

to occur at their roost site. Various kinds of aerial display would most possibly occur near the 

cave entrance during the flocking hour. 
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2.3 Aerial Display Behaviour in Other Apodid Species 

It is not uncommon that other members of this family also perform aerial display. An aerial 

display which precedes copulation was observed in the widely studied Common Swift (Apus 

apus), similar display has also been observed in many other swift species (Chantler & 

Driessens 1995). Combining data of his own and from other observers, Lack (1956, p. 44) 

described this display in detail as �often started with one of a pair flying in front of the other 

and suddenly holding its wings out stiffly high above the horizontal, sometimes almost 

vertically. It then falls forwards and downwards, at which the second bird gives rapid chase. 

Often the first then changes to a quivering flight, in which the wings seem vibrated rather than 

beaten. After a few moments both birds resume a normal but slow flight, one close behind 

another. The one that is behind then comes above the other and alights gently on its back, 

sometimes making one or two unsuccessful attempts, which are perhaps part of the ritual, 

before getting hold. The pair then descends in a very shallow glide, the female holding the 

wings out horizontally and the male holding them upwards at an angle, while both spread and 

twist their tails. During the glide both birds may hold their wings still, but sometimes one of 

the pair beats them rapidly in small arc, and if they lose too much height both may do so. 

After a few seconds, they separate.� But he also me ntioned that there appeared to have 

variations of this display in term of the sequence of behaviour patterns and the final outcome, 

such as the downward glide followed by quivering flight then by slow flight instead of rapid 

chase and later end without mating, or the characteristic slow flight followed by aerial mating, 

or quivering flight followed by either aerial or nesting site mating. 

 

Another species being extensively studied is the Chimney Swift, Chaetura pelagica. Fischer 

(1958) assembled his observation records on this species throughout fourteen summers and 
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reviewed other early records on aerial display of this family. He assigned the C. pelagica 

display behaviour into two phases (without clear boundary as he stated) based on his own 

observation, i.e. the �early display� and �later di splay�. During the early display, 4-7 

individuals flying back and forth in loose flock organisation, often in a large circle. He termed 

this as �loose association� and inferred it actuall y functions as synchronised behaviour which 

would insure breeding success later, when the pair-bond was to be manifested in a distinctive 

kind of coordinated flying. In such a loose flock, some individuals in pairs would detach from 

the big group and later rejoin the group again. Fischer termed this pairing activity as �flying 

together� and described as �one followed the other,  yet did not attempt to get ahead�. Later 

display is marked by the conspicuous �trio flying� display (see below), when three individuals 

involved seem to be playing a follow-the-leader game as they thread their way among 

buildings and trees, emitting sounds like a chip and whistle super-imposed. It has always been 

assumed by Fischer and also other researchers before him that two males are following a 

female in this display. His observation on marked individuals however could not confirm this 

assumption as a marked female was observed being both leader and pursuer in different bouts 

of trio-flying. The same situation occurred on the �sharp chipping� call emitting during this 

display; both leader and pursuer emit this call during the chase.  

 

Beside the display phases, there is still a conspicuous display pattern occurring throughout 

those two phases � the V-ing. This is a coordinated  flight performed by �flying together� and 

�trio-flying� individuals, where the rear bird or b irds raises the wings into a V shape (front 

view) to form an acute angle with one another (if observe from the side) and the lead bird may 

or may not V also. Fischer described the wing movement of the V-ing birds as �do not gently 

elevate their wings, but snap them into and out of the V position. There are variations of this 
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pattern when it occurs in different phases; during early phase (before pair formation) the V-

ing bird only raised its wings for a moment then drop them down to resume flapping, while 

during later phase when pair formation has taken place, both birds raised their wings (still 

initiated by the rear bird), calling and continue to glide in a graceful, downward curve. In 

contrast to the �downward glide with raised wings� in A. apus, the V-ing initiated by the rear 

bird instead of the lead bird. According to Fischer (1958), this display represents well 

coordinated muscular activity and suggests highly integrated neural processes; it is no doubt 

an outward expression of the physiological synchronisation for successful breeding and 

function as to aid pair formation as well as maintaining sexual bond. Similar V-ing display 

was reported in White-collared Swift, Streptoprocne zonaris (Chantler 1999). 

 

Veerman (1988) reported an occasion of chasing and vocalisation on White-throated 

Needletail, Hirundapus caudacutus. Duo and trio co-ordinated high speed chases and twisting 

flight were observed in this species; the chasers following every twist and turn of the first 

within one or a few metres. During the chase, shrill rapid twittering or piping call similar to 

swallows and sandpipers were emitted. 

 

Sick (1993) also reported a distinctive display flight in Ashy-tailed Swift (Chaetura andrei), 

which is similar to �trio-flying�. It was described  as groups of three flying in swirls, holding 

the wings almost immobile and arched, with occasional interspersed rapid wing beats. Similar 

displays to that have also been noted in a variety of species in different genera of Swift 

according to Chantler & Driessens (1995). This display was actually been described as early 

as 1891 in C. pelagica, named as �trio-flying� (the same term later used by Fischer) and said 

to be a conspicuous aspect of the species pair formation behaviour (Kingston 1891). 
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A more recent study on Black Swift (Cypseloides niger) by Marin (1997) reported four types 

of aerial interactions, namely group chase, pair chase, pair contact, and touch and grasp. 

Group chase is a synchronised horizontal flight involving 4-7 individuals, where one of those 

is leading this high-speed chase. During the chase, one or more of the birds emitting soft, 

high-pitch calls. This mainly occurs early in the breeding season, thus it may involve in 

formation of new pairs or pair-bond reinforcement. Pair chase is a continuous horizontal flight 

involving a pair of birds, sometimes those are pairs separating from big group. The birds 

would make a high-speed dive and follow each other closely in erratic flight maneuvers, while 

emitting a high-pitched call that described by the author as a rolling twitter. This type of chase 

was observed most often from the beginning to the middle of the season and may function in 

pair bond establishment and reinforcement. The pair contact interaction also involves two 

birds, with usually one bird fly horizontally and a second bird approached from below, next 

they turn over and clash or almost touch the feet, sometimes one bird emitting clicking notes. 

If the birds continue to grasp each other�s feet and tumble downward for a few meters, that 

would be the forth type of interaction�touch and gr asp. Marin (1997) suggested the third and 

forth types are likely aggressive interaction. These four types are termed as interaction instead 

of display but the first two types are similar to loose association and flying together in Fischer 

(1958). 

 

A confusing display called �screaming party� was de scribed by Lack (1956) in A. apus where 

breeder and non-breeder join in without any apparent aggressive intension and became more 

frequent towards the end of summer, thus it is suspected to have relation to the onset of 

migration or unifying the group at other times of year. This kind of communal screaming is 

also a familiar feature of a number of Apus species (Chantler 1999). 
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Other species being reported for their aerial displays are Short-tailed (Chaetura brachyura), 

White-chinned (Cypseloides cryptus), and Chestnut-collared Swift (Cypseloides rutilus). 

Among these species, C. brachyura was observed to perform paired flight, when the birds fly 

parallel to each other with extravagantly slow wing beats while slowly uttering ticking notes. 

While the other two species have been observed  performing chasing displays similar to those 

documented for C. pelagica. Even though many aerial displays had been studied but there is 

still lack of conclusive result regarding the displays and their functions (Chantler 1999). 

 

2.4 Bioacoustic Study on Apodid Species 

There is only one study on vocalisation classification had ever been done on swiftlet, which is 

the study on White-rumped Swiftlet, A. spodiopygius in Fiji and Chillagoe, Australia by 

Tarburton (1988), a species that also able to produce echoclick. In this study, both aerial and 

nest calls were collected, including four types of adult and two types of chick call. He 

described each call type based on hearing and sonogram images, speculation on functions of 

each type were made based on context of the call emitted. Table 2.1 are the summary of the 

types. 

 

Vocalisation classification had also been done on A. apus by Bretagnolle (1993) and van 

Oudheusden (2006), recording were done at nest sites. Bretagnolle (1993) classified three call 

types i.e. the Long Screaming Call, Duet Screaming Call and Nest Call, revising a previous 

observation made by Cramp (1985), where the two types of Screaming call were treated as 

one. Van Oudheusden (2006) later reversed this finding, claiming these two types actually 

cannot be distinguished by its sound structure, but she also mentioned the differences between 

these two may be lying in the context of behaviour and environment (e.g. in the air or at nest). 
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Besides, van Oudheusden (2006) also adds in another new type into the vocal repertoire�the 

�peep� Call, without mentioning any existence of th e previously recorded Nest Call.  

 

Table 2.1 Summary of call type study result on A. spodiopygius by Tarburton (1988). 
Call type Sound Expression Context/ Function 
Echolocatory Click 
 

distinctive � click� (a 
double click form based on 
sonogram) 

Echolocation and suggested to have 
communication or individual 
identification function 

Chirrup � chirrup, chirrup� or 
� giddy up, giddy up� or 
� gar-p� or a long � tweet- 
tweet- tweet- tweet- tweet- 
tweet� or � peer-peer tweet� 
or � tweer-tweer� 

at nest or during aerial pursuit  

Shree-ee shrill � shree-ee� alarm call or during mobbing 
Cherp mellow yet fast � cherp, 

cherp, cherp� 
at nest, given by roosting or recently 
landed birds 

Chick�s Begging starts as a plaintive whisper 
that develops into a 
demanding � cheep� and 
then a loud raspy call 

begging call; triggered by nearby 
chicks begging, an adult landing 
nearby, or an echolocating bird 
passing close by 

Chick�s Presence Single soft � cheep� or 
� chip� or � peep� 

suspected to be subsong for adult 
Cherp Call based on similarity in 
sonogram pattern 

 

 

Malacarne & Cucco (1990) observing dueting in breeding pairs of Pallid Swift, A. pallidus 

and discovered that the last part of the call segment of each individual maintains personal 

feature, thus allowing vocal individual recognition. Similarly, Duet Screaming Call in A. apus 

is also individually distinctive (Bretagnolle 1993).   

 

Sexing in A. apus eventually made clear by Kaiser (1997) after many years of observation 

through specially designed nest box (glass-backed and lighted) and marked individuals, where 

the sexes of the observed individuals are certain. He confirmed that males and females of this 

species utter different calls during dueting and identify sexes of each other vocally. The 
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female is responsible for the �swee� part of the du eting, which has a higher pitch or frequency 

than the �ree�, and the male is responsible for the  �ree� part.  

 

Other than sexing, vocalisation was used in species identification. Malacarne et al. (1989) 

confidently distinguished two cryptic species�  A. apus and A. pallidus by examining the 

frequency and temporal features of the calls. While Webber & Collins (1995) successfully 

identified Vaux�s Swift, Chaetura vauxi from other cryptic species by comparing the calls of 

targeted individual (sonogram) to previously recorded calls of the same species.   

 

Thomassen & Povel (2006) made comparison of social vocalisation among 27 swiftlet and 

swift species, and echo click of eight swiftlet species, in attempt to investigate the evolution 

of echolocation in swiftlet. Both the echo click and social vocalisation were proven to be 

species specific. They hypothesised that echo click are not solely used for echolocation, but 

also for intraspecific communication; the same hypothesis had already been suggested by 

Harrison (1966) because these calls were emitted during day time outside the cave. 

Nevertheless, in Thomassen & Povel�s (2006) study, an assumption had been made through 

their personal observations and recording. The assumption is that the social vocalisation of 

swifts and swiftlets are not context specific; meaning that those species only use the same 

type of vocal to serve different functions and under different circumstances. In another study 

on Papuan swiftlet, Aerodramus papuensis, Price et al. (2005) observed that vocalisations 

used in three different conditions are similar. Based on result of vocalisation classification 

from Tarburton (1988), Bretagnolle (1993), van Oudheusden (2006) and long-term 

observation on calling behaviour of apodid species (Lack 1956, Fischer 1958), it is unlikely 

that this assumption is true. Since the sound features and structures are highly variable among 
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call types, it would be irrelevant if comparison were not made between functionally similar 

calls for phylogenetic inference in swiftlets. 

 

2.5 Avian Acoustic Study 

Acoustic displays (vocalisations) are used to �mana ge� social interactions crucial for a 

displaying bird�s fitness and the vocal repertoires vary very much from species to species. The 

vocal repertoire studies (including vocalisation classification) were mostly done on oscines 

(the true song birds) and little attention had been paid to suboscines and non-passerines, due 

to that the vocal learning enables the Oscines to develop extremely large and diverse vocal 

repertoires in some of the species, but the absence of learning in these two latter groups may 

limit repertoire size and complexity of the vocalisations (Kroodsma & Miller 1996, Part II�

Vocal Repertoires), thus less attention had been paid on vocal repertoire of those groups. 

 

Currently, display behaviour and communication were at least extensively conducted in two 

non-passerine groups�the petrels (Bretagnolle 1996)  and penguins (Aubin & Jouventin 

2002). These studies focus more on acoustic communication mainly because these two groups 

rely solely on vocalisation for communication when in breeding and possess quite some 

breeding and habitat constraints (i.e. monogamous and communal) which are similar to the 

swiftlets. Petrel is a group of fossorial and nocturnal birds (except the six fulmar species) that 

breed deep in their burrow and strongly avoid moonlit night (Bretagnolle 1996). While 

penguins breed in colonies numbering up to thousands of pairs (causing an extreme 

environment of loud background noise and problem in propagation of sound) but still only use 

vocal cues for kin recognition, some species do not even build nest which make it more 

difficult in recognising their own young and spouse (Aubin & Jouventin 2002). 
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Bretagnolle (1996) in his review on acoustic communication of petrels inferred that individual 

distinction, geographic variation and sexual dimorphism in this group are coded in different 

features of the call (i.e. the temporal, frequency and syntactic parameters) based on studies 

done in Blue Petrel and Cory�s Shearwater. He further mentioned the meaning (e.g. agonistic 

vs. sexual) of the same call varies according to the status of the receiver bird (non-breeder vs. 

breeder) and its location (flying vs. landed). 

 

Aubin & Jouventin (2002) found that display call in penguin has several biological meaning, 

being used by a single bird or by a pair throughout the breeding cycle to indicate the species, 

the sex and the individual. In one of the species, Little Blue Penguin, territorial responses 

were elicited by frequency shifted calls and even syllables in calls provide territorial 

information. In this case, parameters that are resistant to degradation such as low frequencies, 

gaps in frequency and amplitude encode the information. 
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CHAPTER THREE 

  Methods  

 

3.1 Introduction 

This study on Black-nest Swiftlet, Aerodramus maximus, comprised three major parts: the 

field work, ethogram compilation and sound analysis. The field work consisted of observation 

of aerial behaviour (calling behaviour included) and sound recording of social vocalisation of 

this species. The field work was conducted at two study sites in Sarawak � Bau and Bukit 

Sarang. Eighty-four day trips have been made to Bau study site in between April 2010 to 

October 2011, while for Bukit Sarang study site a single field trip of 11 days (3-13 May 2011) 

was conducted. All observations and sound recordings were conducted during evening 

flocking hour of the species (within 1500 hrs to 1915 hrs, Appendix 1) at selected spots near 

roosting cave entrance or nearby area, except nine sound recording sessions were conducted 

during morning flocking of the species at Bukit Sarang study sites within 0555 hrs to 0905 

hrs. 

 

The observation data were later compiled into the aerial-behaviour ethogram, with each 

behaviour type categorised and described. While the sound recording samples were visualised 

and analysed through sound analysis software (Avisoft SASLab Pro); selected samples were 

first classified into vocal types and categories through perceptual classification, then 

measured for frequency and temporal parameters for further characterisation of each vocal 

type. The measurement data were analysed statistically to recheck the initial vocal 

classification, the statistical test applied are Kruskal Wallis Test (univariate), Principle 

Component Analysis (PCA) and Discriminant Function Analysis (DFA). Selected vocal 
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samples with aerial display types noted were also examined to check the association between 

vocal types and aerial display types.      

 

3.2 Study Sites 

Details of the study sites are described below. 

i. Bau, Kuching Division  

This site is located at Taiton area, Bau District. It is an unnamed cave at Bau limestone 

cave area (N 1 � 23� 49.5� E 110 � 07� 32.5�, Figure 3.1) that has two entrances faci ng 

northwest. The height of limestone outcrop is around 30-50 m (Figure 3.2). The height 

of the main entrance (more frequently used by the swiftlets to travel in and out of the 

cave) is 11.5 m and width is 10 m, while height of the sub-entrance is 9.5 m and width 

is 6 m. In front of the entrances, there is a clearing bigger than a basketball court, 

where morning and evening flocking of the targeted species occurred above this area 

or adjacent area slightly far away. The clearing is surrounded by bushes, shrubs and a 

few trees taller than 20 m, while there are some country houses and a lake nearby the 

area, and a tar road (Jalan Bau) 200 m away. Throughout the field work period, the 

observed minimum flying height of flocking Black-nest Swiftlet is 6 m above the 

ground. 

 

The population size was estimated based on a morning and an evening bird count at 

the main entrance of the cave, the individuals flying in and out of the cave was 

counted during the morning and evening emerges, respectively. These two numbers 

show by about equal. By assuming that each individual only fly in or out of the cave 

once during the counting period, the counted number is the size of population roosted 

in the cave.  
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Figure 3.1 Satellite photo of Bau study site. The main entrance and sub-entrance of the 
cave are marked as red triangles, while both observation point A and B (see section 3.1.1) are 
marked as blue dots. 
 
 

 
 
Figure 3.2 Front view of the limestone crop and both the cave entrances of Bau site, right 
in front of the cave entrances is the clearing where the aerial flocking occurred. The height of 
the limestone crop is 30-50 m, while the height of main entrance and sub-entrance is 9.5 m 
and 11.5 m respectively. 

Main entrance 

Sub- entrance 

Taiton Lake Limestone crop 

A 

B 
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ii. Bukit Sarang, Bintulu Division 

This study site is located at Bukit Sarang, 10 km southwest of Tatau town, Bintulu 

Division����������	
����
�		�����	�
��. As described by Wilford (1964), Bukit Sarang 

is a small precipitation limestone hill about 250-300 ft (76.2-91.44 m) high and 

surrounded by swamp. It is a cave system consisting of small caves and underground 

streams (Figure 3.3). The size of clearing chosen for the fieldwork is similar to Bau 

study site, but it has more bushes (<1 m from ground) and grass covered the ground. It 

is partly blocked by the limestone hill and surrounded by swamp vegetation. The 

observed minimum flying height of flocking Black-nest Swiftlet is around 10 m from 

ground. The total population from multiple caves estimated by local bird nest 

harvester is 30 thousands. 

 

 
Figure 3.3 Caves distribution in Bukit Sarang. The cross ��� represents the exact spot of 
field work conduction at Bukit Sarang site (Figure derived from Wilford 1964, pg 108).  
 

��
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3.2.1 Aerial Behaviour Observation and Ethogram 

The aerial behavioural acts were observed and recorded by using Ad libitum sampling method 

(Altmann 1974); all behavioural acts performed by any individuals that can be observed, 

including behavioural events and behavioural states (Lehner 1979), were recorded. Agonistic 

or alert behaviour of the observation targets was avoided by settling down at the selected 

spots 10 minutes before any observation session. At Bau study site, two observation spots 

were established in which observation point A at 6 m from ground level and located on the 

limestone crop itself, meanwhile observation point B at ground level and at opposite direction 

to the cave entrances (as plotted in Figure 2.1). Either of the observation points was used for 

observation depending on the light intensity and direction of the sun during the observation 

hours; the sun should always shine from the back or sideway of the observer to avoid backlit 

condition, thus prevent observer from losing details of observation targets.  

 

Distance and flying height were estimated by comparison to static objects and vegetation at 

the site, sometimes the wingspan and body length of the flying swiftlets were also used for 

estimation. A pair of binoculars (Nikon Monarch 8 x 42) is used when observing targets at 

distance greater than 50 m. For the convenience of observing and recording the general 

condition of flocking activity, the flying speed (of the observed targets) was artificially 

assigned to high, normal and low speed, while the air temperature was assigned to hot, 

moderate and cold. A five-level standard was also assigned to indicate flocking activeness:  

i. Very active  �  non-stop flocking, calling overlapped, 

ii. Active � almost non-stop flocking and frequent calling with few intervals of activity (i.e. 

flocking and calling) ceasing, 

iii. Moderately active  �  from time to time there are flocking and calling but with intervals 

of activity ceasing, 
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iv. Inactive  �  occasionally there are flocking and calling, and 

v. Zero activity  �   totally no flocking activity.  

 

The data being extracted from the observation note (most data are from Bau site) were 

description and sketch of behavioural patterns, time, weather and site information to brief on 

general condition of the aerial flocking activity and to produce an aerial behaviour ethogram. 

Here and throughout the thesis behavioural acts were referred as behaviour types, which is the 

basic unit that is used in the ethogram.  The behaviour types is described in an operational 

manner (Ploger 2003), where the below information is included: 

i. Body postures and movements 

ii. Numbers of individual involve 

iii. Interaction in between individuals 

iv. Vocalisation that involved (if any) and 

v. Flying patterns 

 

Each of those behaviour types was named based on its physical feature (i.e. Fan Tail, Delay 

Posture) and categorised into display and non-display groups. The behaviour type cumulative 

graph was plotted to estimate the completeness of behaviour type collection (Appendix 2). 

 

3.2.2 Social Vocalisation Recording 

Two different types of set-ups were used for sound recording � portable mono (only one 

microphone) and static stereo (two microphones) mode set-ups. The recorder used was 

Marantz PMD 671 professional solid state recorder with a Sony MDR 7506 headphone for 

sound monitoring. 
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The portable mono mode set-up is highly portable and uni-directional, where it focuses to 

pick up sound signal from the target, of which is the direction that the microphone pointed to. 

The microphone used in this set-up was either an Audio-Technica AT875R shot-gun 

microphone or a Sennheiser MKH20-P48 omni-directional condenser microphone with 

Telinga universal parabolic reflector. During recording, the microphone was pointed to and 

followed the moving individual target, the nearest individual or social group that emits 

vocalisation were chosen as the focal target for recording. Each recording ended when there is 

a continuous silent of 10 seconds or until the emitted vocalisation was lost track. The co-

occurred behaviour type involved for the recorded vocalisation was identified and taken note 

where possible (as it is technically difficult to instantly identify calling individual in a social 

group and behaviour type involved during a recording operation). To avoid confusion when 

there was more than one individual/ social group calling at the same time, the �EDL Mark� 

function of the Marantz recorder was used to tag the specific calls emitted by the targeted 

animal, this information was later retrieved from the recording in playback mode of the 

recorder. 

 

The static stereo mode recording was done by using two sets of Sennheiser MKH20-P48 

omni-directional condenser microphones with Telinga parabolic reflector. These two sets of 

microphones were set static on stands for long hour continuous recording, where the parabolic 

reflectors were facing upward and having a distance of 0.9-1.5 m apart.  

 

In both types of set-ups, the recorder was set to PCM 16 bit rate, with sampling frequency at 

44.1 kHz to avoid aliasing (Rumsey & McCormick 2006) and sound track recorded in 

broadcast wave format. The Ambient Noise Control (ANC) were switched to FLAT, 
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Recording Level Control and the microphone attenuation were set to manual and 0dB 

accordingly based on Sukumaran et al. (2010). 

 

There were 741 raw sound tracks collected, which total up as near 48 hours of sound 

recording. Recordings from Bau site are all portable mono recordings and were conducted 

only in the evening, where the recording targets flocked nearer to ground which provided 

stronger sound signals to be picked up during recording works. While at Bukit Sarang site, 

recordings were done mainly in static stereo mode and conducted both in the early morning 

and early to late evening.  

  

3.3 Sound Analysis and Vocal Repertoire 

To complete vocal repertoire of the studied species, the extracted sound samples (from raw 

sound files)  were firstly classified into vocal types through perceptual classification (visually 

inspecting sonograms and listening to playback) and formed a preliminary vocal repertoire, 

with each of the vocal types characterised based on its sound structure (see section 3.2.2). 

Based on this preliminary repertoire, the vocal types were then further characterise by 

temporal and frequency properties measurement. The measurements were statistically 

analysed by means of both univariate and multivariate analyses to recheck the validity of the 

initial classification that based on perceptual classification and, next, to find out if temporal 

and frequency properties effectively discriminate vocal types and which are the most effective 

properties in discriminating vocal types. 

 

The visualisation (converted sound into sonogram) and analyses of recorded vocalisation were 

conducted by using Avisoft-SASLab Pro 5.0 software. Audio file and sonogram image of all 

samples were archived together with measurement log file. 
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3.3.1 Vocalisation Sample Extraction 

The visualisation setting used for reviewing and measuring is as below 

Spectrogram Parameters (in Avisoft SASLab Pro 5.0): 

FFT length 512 pt 
Frame Size 100% 
75% overlapped 
 
* FFT= Fast Fourier Transform, pt= point 
 
 
Distinguishable call segments were selected and labeled from the raw sound tracks through 

visual inspection and listening to playback. The stereo sound tracks, which contain two 

channels, were transformed into mono sound tracks to ease the sonogram reviewing process. 

The call segments selection criteria were set as: 

i. Each selected call segment must be a complete call (except for echoclick-like 

vocalisation) and having at least 1 second of time interval from another call 

occurred before and after it.  

ii. For echoclick-like vocalisation, a time interval of more than 0.1s is considered 

efficient to separate two individual calls, while time interval of more than 0.01s 

separated notes as different syllables in echoclick-like vocalisation. 

iii. The sound signal pattern/ shape of each of the notes in the selected segment is 

recognisable.  

 

The selected and labeled call segments were then extracted (saved into individual sound file) 

from the raw sound tracks to become individual samples, which is also saved in broadcast 

wave format (file string .wav).  
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3.3.2 Perceptual Classification 

There were a total of 541 selected individual samples, those samples were first categorised 

into groups  vocal types through visual inspection (this is perceptual call classification as in 

Risch et al. 2007) and listening to playback of the vocalisation in both normal speed and half 

speed (in Raven Lite 1.0, as Avisoft do not offer playback speed adjustment function). The 

visual inspection is based on the characteristics such as overall shape of notes/ elements and 

number of note contained in the call, while the listening to playback focused on the 

differences in pitch modulation of the call. The basic terminologies used in this study are 

based on Brenowitz et al. (1997) but with some modification, the major terms were defined 

here to avoid confusion (Figure 3.4).  

i. Element: this is the smallest unit of sound structure shown in a sonogram; a note 

might be formed by a few elements along the frequency domain/ axis. 

ii. Note: a sound that is continuous in time, where time interval in between two 

consecutive notes is visible in the sonogram.* 

iii. Syllable: a series of one or more notes that occur together in a regular pattern in a 

call. 

iv. Call: refer to a single complete call, which is a particular combination of notes 

and/or syllables that occurs repeatedly. This is the unit being assessed for 

classification of vocal types. ** 

 

The other sound describing terms are derived and modified from Pieplow (2007) and 

Kroodsma (2005).  
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* A call of three notes by hearing may actually have four elements, shown clearly in its 

sonogram. This happened when the time interval in between elements is too short for human 

ears to notice. 

** Some samples may contain more than one single call. 

 

Figure 3.4 Illustration of the major basic terms (i.e. Element, Note, Syllable and Call) 
used in this study on sonogram of a Chirp Call type 1 (CC1) sample.  
 

3.3.3 Sound Structure Measuring and Quantitative Analysis 

To avoid inaccuracy of measurement due to distorted sound signals, samples with better 

quality (e.g. clarity) were sorted out for measuring based on the criteria below: 

1. All sound elements in the sample has distinguishable outline instead of showing only 

blur patches, as for this kind of samples the signal-to-noise ratio are always low. 

2. Not overloaded/ clipped, this is to avoid distorted sound signals. 

3. Signals are not overlapped with other calls of the same (from conspecific) and different 

types (e.g. insect call), or other kind of sound signals (e.g. vehicle passing by). 

4. If overlapped, the targeted signals has to be appeared darker (having a higher relative 

amplitude) from the other sound signals. 
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Afterward, Number of Note (NON), the seven frequency (Minimum Frequency, Maximum 

Frequency, Minimum Starting Frequency, Maximum Starting Frequency, Minimum Ending 

Frequency, Maximum Ending Frequency and Frequency Range) and five temporal (Single 

Call Duration, Duration of First Note, Duration of Last Note, Time Interval between First and 

Second Notes and Time Interval between Second Last and Last Notes) parameters were 

manually measured for each sonogram samples (see Figure 3.4 and Table 3.1); among these, 

NON is a meristic variable while others are continuous variables. The measured values were 

exported to excel file through DDE export function (in Avisoft-SASLab Pro 5.0). Whenever a 

sample contained two or more calls, only the first call would be measured. Mean and standard 

deviation (SD) were calculated for each parameter of each call type.  

 

Figure 3.5 Measurement shown on a spectrographic example of Black-nest Swiftlet Trill 
Call type 2, the full term of each of the 12 parameters as listed in Table 3.1. The abbreviations 
N1-N4 stand for note 1-4, thus this sample consists of four notes (NON= 4). 
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Table 3.1 The call parameters measured based on sonogram, the corresponding 
abbreviations and definition of each parameter. All temporal parameters were measured in 
second (s) while all frequency parameters were measured in kilohertz (kHz). 
 
No. Parameters (unit) Abbreviation Definition 

1 Number of Note NON Total amount of notes in a single 
call 

2 Single Call Duration (s) SCD Duration of a complete single call. 

3 Minimum Frequency (kHz) MIF Minimum frequency of a single 
call. 

4 Maximum Frequency (kHz) MAF Maximum frequency of a single 
call. 

5 Minimum Starting 
Frequency (kHz) 

MISF Minimum frequency at the starting 
point of a single call. 
* For SC samples, this parameter 
was measured at the upper elements 
of the first note, as the lower 
elements were always faded or 
totally missing. 

6 Maximum Starting 
Frequency (kHz) 

MASF Maximum frequency at the starting 
point of a single call. 

7 Minimum Ending Frequency 
(kHz) 

MIEF Minimum frequency at the ending 
point of a single call. 

8 Maximum Ending Frequency 
(kHz) 

MAEF Maximum frequency at the ending 
point of a single call. 

9 Duration of First Note (s) DFN Duration of the first note in a single 
call. 

10 Duration of Last Note (s) DLN Duration of the last note in a single 
call. 

11 Time Interval between First 
and Second Notes (s) 

TFS Time interval between the first and 
the second notes contained in a 
single call. 

12 Time interval between the 
Last Two Notes (s) 

TSL Time interval between the second 
last and the last notes contained in a 
single call. 

13 Frequency Range (kHz) FR Subtraction of the minimum 
frequency from the maximum 
frequency. 
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3.3.3.1  Statistical Analyses 

There were 406 sound samples selected for measurement (all measurement data are presented 

in Appendix 3), these data were pooled by call type and measured parameters to run through 

normality test (One-Sample Kolmogorov-Smirnov Test) and the Test of Homogeneity of 

Variances (Levene Statistic). All data are normally distributed except for four parameter 

measurements for call type RC, those are Single Call Duration (SCD), Minimum Ending 

Frequency (MIEF), Time Interval between First and Second Notes (TFS) and Time Interval 

between the Last Two Notes (TSL) (results of Normality Test are shown Appendix 4). The 

homogeneity of variances is rejected for all the measured parameters at p< 0.001 (result of 

Test of Homogeneity of Variances are shown in Appendix 5). 

 

As so, the non-parametric, Kruskal Wallis Test was used to test if there are significant 

differences among call types on each of the 13 measured parameters. For all 12 frequency and 

temporal parameters, post hoc test was not conducted as the output interpretation is going to 

be very complicated and inconclusive for a 12 parameters comparison across several call 

types (e.g. for 7 vocal types, 21 comparisons will be needed for each of the parameters). 

These parameters were compared by using multivariate approaches. The Number of Note 

(NON) was tested by Mann-Whitney U Test for comparison among those call types, as it is at 

a different measurement scale from other parameters and was not subjected to test together 

with other parameters in multivariate analysis that was conducted. All analysis was computed 

in IBM SPSS version 21. 
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3.3.3.2  Multivariate Analyses 

Principle Component Analysis (PCA) and Discriminant Function Analysis (DFA) were 

conducted on the measurement data, these tests were previously suggested by Sparling & 

Williams (1978) as appropriate for avian vocalisation studies and tested on vocalisation 

classification of two albatross species.  

 

Both these tests extract dominant, underlying gradients of variation by reducing data 

dimensionality of the original variables into composite variables (i.e. Principle Component in 

PCA and Canonical Function in DFA)   and summarising data redundancy, hoping the 

variations be described by the first few composite variables and the contribution of each 

original variables can be inferred from the variable loadings. The differences of these two are 

that PCA assesses relationships within a single set of variables, where there is no dependent 

or grouping variable, while DFA assesses relationships between a set of discriminating 

variables and a single grouping variable in order to define the relationships in between these 

two. As so, DFA deals with both variations among groups and within groups, where variation 

among groups will be maximised and variation within groups will be minimised along 

gradient, thus separating the groups to a further extend and manage to describe maximum 

differences among predefined groups. On the other hand, PCA emphasises variation among 

samples rather than similarity when extracting dominant, underlying gradients of variation. 

Another advantage given by the PCA test is that it eliminates noise from a multivariate data 

set by recovering patterns in the first few composite dimensions and deferring noise to 

subsequent axes (McGarigal et al. 2000). The data from the same 12 measured temporal and 

frequency parameters were used in both analyses and all analyses computed from IBM SPSS 

version 21. 
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I. Principle Component Analysis (PCA) 

PCA was used to detect the patterns of distribution (major gradients of variation) of call 

samples based on frequency and temporal features, and identify the dominant features 

(variables) if there is any. The variables used here are the 12 frequency and temporal 

parameters. The PCA is done using correlation matrix of the data, as the unit of 

measurements differs among variables. The significant principle components (PC) are 

extracted based on eigenvalue, where PCs with its eigenvalue greater than 1.0 are 

retained for interpretation, while the scree plot is also produced as reference. The 

varimax rotation is applied on the retained PCs. The factor scores are saved as variables 

to produced score plots for illustration of relationships among sampling entities in 

ordination space. The significance of Principle Component loadings were interpreted 

based on Rule 2 in McGarigal et al. (2000), where loadings with absolute value >0.32 

are significant but poor, >0.45 are fair, >0.55 are good, >0.63 are very good and >0.71 

are excellent. 

 

II. Discriminant Function Analysis (DFA) 

DFA was first used to discriminate call types and identify the variable that efficiently 

discriminate the call types, second to classify call types and categories based on 

frequency and temporal features and to predict the percentage of correctly classified 

samples i.e. the  predefined groups (call types and categories) from visual inspection. 

 

In this analysis, grouping variable is call type � all the call types except SC5 are being 

tested, and the independent variables are the same 12 frequency and temporal 

parameters. The analysis is conducted in stepwise procedure, the method used is the 

Mahalanobis distance as the variables is inter-correlated (see Pearson Correlation results 
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in Appendix 6) and having unequal variances among them (McGarigal et al. 2000), 

probability of F is set as 0.001 for entry and 0.15 for removal. For classification, the 

prior probability of samples is computed from group sizes as the sample size for each 

call type varied greatly, the separate-groups covariance matrix is used as the equal 

dispersion of the covariance matrix is rejected at p< 0.001 (see Box�s M Test result, 

Appendix 7). 

 

3.3 Aerial Display and Vocalisation Association 

The sound samples that having the aerial display type involved recorded (the �aerial display 

with vocalisation� samples) were examined the assoc iation between aerial display and vocal 

types (raw data as in Appendix 8). There are a total of 38 samples from 35 observations 

recorded. Both the variables, Aerial Display Type and Vocal Type are nominal variables, so 

the Chi-Square Test of Independence between Two Variables (Pearson Chi-Square statistic) is 

used to determine whether there is a relationship between occurrences of these variables.  
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CHAPTER FOUR 

Results 

 

4.1 Population Size in the Cave (Bau Study Site) 

The population size was estimated about 1000 individuals. 

 

4.2 Aerial Flocking 

The general condition during aerial flocking of Aerodramus maximus is described here to lay 

a background and overview of the occurrence of various aerial behaviours in the aerial 

flocking period.  

 

During aerial flocking, the birds flew and chased in small groups at different altitudes in the 

sky. These activities were most often accompanied by vocalisation. Seemingly random and 

unpredictable Changes in their speed (high, normal and low speed) and pattern of flying 

(random, circling and straight flight) occurred throughout the flocking hour and between 

different observation days can be noticed. The most common flying pattern during flocking 

and chasing among individuals is �circling flying�,  compared to �straight flying� used by 

individuals passing by the flocking area to enter or come out from the caves. During �circling 

flying�, the birds flying in circles repeatedly wit h random changes of flying direction, while 

for �straight flying�, the birds flies in a rather straight line with a pre-determined destination 

or target, for example flying into the cave or flying directly towards a conspecific. 

 

The evening flocking hour at Bau study site started and ended at different time of the day 

from as early as 1500 hrs to as late as 1900 hrs while the number of flocking bird ranged from 



���

�

0-150 birds. Even though the observation and recording data were obtained mainly during 

evening flocking, but in fact flocking occurred both during morning and evening. All morning 

flocking observation was made at Bukit Sarang site and only done once at Bau site, the 

flocking was at an ascending and dispersing fashion, in contrast with evening flocking which 

is at a descending and concentrating fashion, where the flocking elevation kept decreasing and 

flocking size usually increased towards the end of the day. In some occasion where there was 

no flocking activity at all, the birds returned from foraging at around 1900 hrs and flew 

directly back to their cave or having a brief flocking (with no vocalisation) in a �high speed 

random (direction) flight� pattern before entering the cave; the speed of flying was so high 

that the observer could hardly pin-point and follow any of the individuals.  

 

The degree of activeness of flocking activity also varied from day to day but overall, extreme 

conditions i.e. �very active� and �zero activity� h appened less frequent, where 14% of 

flocking activities were �very active� and 10% of f locking activities had �zero activity� 

(Figure 4.1). The occurrences of each activeness level from �very active� to �zero activity� 

did not show a monthly trend or gradually changing through time, where all of these levels 

usually happened in each month (See Appendix 1 for flocking activeness day records). 

Flocking was usually less active, such as dispersing as soon as it starts or merely quiet 

flocking, during hot weather (e.g. before 1700 hrs in a sunny day). This is not affected by rain 

and wind; in rain, the birds still actively calling and displaying (only ceased by very strong 

wind where the flights become incontrollable by the birds, which is rare).  

 

The amount of calling was always related to flocking activeness, where rate of calling 

increased with degree of activeness. An emitted call usually induced further calling activity 
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during group display but in rare occasions group display were just happened in silence. 

Another typical condition is that there were rapid changes in display pattern, where from time 

to time a chasing group could smoothly switch among the aerial group display types. 

 

 

Figure 4.1 Pie chart showing percentage of each of the assigned flocking activeness level 
for 84 observation trips conducted at Bau study site. Flocking activeness was not recorded for 
11% of those trips, flocking activity appeared to be �very active� for 14%, �active� for 15%, 
�moderately active� for 23%, �inactive� for 27% and  having �zero activity� for 10% of the 
trips.     
 

 

4.3 Ethogram of Aerial Display Behaviours 

This ethogram was particularly focus on aerial display behaviour of Black-nest Swiftlet, as 

the communication signals are the major studied subjects. There were 16 types (including two 

versions of Display Dive that were counted as two types) of aerial behaviour recorded and 

classified into four categories: the Locomotion category, which is the non-display behaviour 

and the three categories of display behaviour are Individual Display, Group Display and 

11%

14%

15%

23%

27%

10%

not recorded very active active

moderately active inactive zero activity

N= 84
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Vocal behaviour. The locomotion behaviour is included here to be distinguished from display 

behaviour.  Table 4.1 is the list of behaviour types by the categories. 

 

 

Table 4.1 List of all four categories of aerial behaviour and aerial behaviour types under 
each category. 
 

Category: Locomotion  Category: Vocal 

1.  Fly and Glide (FG) 
2.  Rolling Glide (RG) 
3.  Dive (D) 
 
 

1.  Rattle Call (RC)  
2.  Scream Call (SC) 
3.  Chirp Call (CC) 

Category: Individual Display Category: Group Display 

1.  Fan Tail (FT) 
2.  Delay Posture (DP)  
3.  One-sided Wing Pull (OWP)  
4.  Double-sided Wing Pull (DWP) 
5.  Display Dive, type 1 and type 2 (DD1, 

DD2) 
 

1.  Pair Chase (PC) 
2.  Trio-flying (TrF) 
3.  Group Chase (GC) 
4.  Harassing (H) 
�
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Category: Locomotion 
Type Definition Sketch 
Fly and Glide (FG) 
 

Common locomotion movement of swiftlet with fly and glide 
movement occurred alternately. Fly is the action when the wings 
flapping, while glide is when the wings fully spread without 
flapping. Tail close/ unfanned in this moving pattern. The 
movement is fast, smooth and frequently accompanied by different 
degree of rolling, pitching and yawing to switch flying direction 
and altitude. 
 

 
Fly 

Rolling Glide (RG) 
 

This is another common locomotion movement (less common than 
FG). In this movement, position of both wings locked (wings 
totally unmoved) and together with the body forming an arch shape. 
The individual moves forward at a low speed with this arch rolling 
from side to side repeatedly, looking rather unstable. 
 

 
Dive (D) Fly downward from higher elevation to a lower elevation toward a 

target, usually used when entering cave or to join in group 
interaction. 
 
 
 
 
 

 
�

�

�

�
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Category: Individual Display 
Type Definition Sketch 
Fan Tail (FT) Open up tail for a slight moment of usually less than a second while 

wing spread, without or almost without slowing down the flying 
speed. Body can be in horizontal position or pitch upward a little 
bit, sometimes immediately followed by a quick and sharp yaw (up 
to 180°). 
 
 

 
Delay Posture 
(DP) 

Wings and tail spread until primary feather and tail feather fully 
stretched (similar body posture as in  FT), glide in slow motion or a 
slower speed than in usual glide and maintain a few seconds (2 
seconds and above). 
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One-sided Wing 
Pull (OWP) 

Pull back only one wing (another wing maintain spread position) to 
the ventral part of the body and tail fanned, causing a sudden stop 
and drop in flight for a very slight moment, afterward resume 
normal flight (FG). 

 
Double-sided 
Wing Pull (DWP) 

Both wings pull back to become parallel to the body. The wings are 
straightly pulled back to body sides in slight sickle shape and 
twisted slightly inward (as in the sketch). Body either in horizontal 
position or pitch up. 
 
 

 
 

Display Dive (DD) 
 
 
 
 
 
a) Type 1 (DD1) 
 
 
 
 
 
 
 
 
 
 
 

A display involves diving movement. The �dive� move ment is not 
exactly similar to that of the Dive posture (D) for locomotion; it is 
performed repeatedly in short distance, slower speed and in random 
direction. There are two versions of DD with partly similar 
movements/ postures, which comprised serial behavioural acts.  
 
This version is a repetition of Fall Off (FO) movement preceded by 
regaining normal flight (FG). The sequence of movement is 
FO � FG �FO �FG 
*Note the FG maintain for only a short moment before proceed to 
FO movement. 
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b) Type 2 (DD2) 
 

i) Fall Off (FO) 
A slow movement of plunging with head-down position, wings 
partially close to body side and tail either fanned or unfanned, 
looking exactly like a falling object. 
 
 
 
 
This second version is a repetition of Fall Off (FO) movement 
preceded with a Pull Up (PU) movement to the previous flying 
elevation. The sequence of movement is 
FO � PU� FO �PU 
 
i) Fall Off (FO) 
Similar as in DD1 
 
 
 
ii) Pull Up (PU) 
A pitched-up movement with forward force maintains and both 
wings pull back to body sides but not fully closed to the body. 
 

 
 

 
 
 
 
 
 
 

 
 

�
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Category: Group Display 
Type Definition Sketch 
Pair Chase (PC) Circling or straight flight that involves a pair of individuals that 

emit RC (most often), SC or both, CC emitted in rare occasion. 
These two types of vocal are not simultaneously emitted. This 
display can occur in high or low speed chase; TC usually emitted 
during high speed chase while RC emitted in low speed chase. 
Besides, these two versions of chase can occur alternately in the 
chasing pair.  
 
*It is very often that pair of individuals separated out from a big 
group of Group Chase (GC) to form PC, please see page 45 
 
** RC= Rattle Call, SC= Scream Call and CC= Chirp Call. Please 
see vocal behaviour category on page 46. 
 

 

Trio-Flying (TrF) 
 

Synchronous circling or straight flight that involves 3 individuals 
that emit RC, SC or both. There are two version observed, triangle 
pattern where one individual follow by two individuals from 
behind, or in-a-line pattern, where 3 individuals flying in a row.  
 
*It is very often that individuals separated out from a big group of 
GC to form TrF. 
 
** RC= Rattle Call, SC= Scream Call and CC= Chirp Call. Please 
see vocal behaviour category on page 46. 
 

 
Triangle Version 

 
 

 
 

In-a-line Version 
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Group Chase (GC) High speed synchronous circling flight (but overtaking does occur) 
in group of 4 to 15 individuals, SC, RC and in rare occasion CC 
emitted during the chase, but sometimes there are quiet chase.  
 
* The individuals in the chasing group can be changing from time 
to time; some individuals stop chasing and leave the group while 
others join in as new members. One GC group can separates into 
smaller groups to become PC or TrF, and later rejoin again. 
 
** RC= Rattle Call, SC= Scream Call and CC= Chirp Call. Please 
see vocal behaviour category on page 46. 
 

 

Harassing (H) During PC or TrF (more often in PC), an individual repeatedly 
approach another individual like in attempts to have physical 
contact.  
 
* This behaviour is categorized as display behaviour instead of 
actual �harassing behaviour� because the individual s involved are 
not flying in full speed where it can in fact easily achieves physical 
contact, but not. 

 

�

�
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Category: Vocal 
Type Description Sonogram 
Rattle Call (RC) This is the same vocal type used in echolocation, emitted in a much 

lower volume compare to the other two types. Only a single type of 
note involves i.e. the sharp on and off click-like note; this note is 
repeatedly emitted to form a call in various range of duration and 
rate, make it sounds more rapid in one occasion but monotone in 
another even though it is the same type of note being uttered.  
 

 
 

Scream Call (SC) This is a harsh scream that involved more note types and 
modulation in both frequency and temporal domain. This call tends 
to induce other individuals to join the chasing activities (i.e. the GC 
and TrF) and emit the same (or maybe not the same) call type. 
There are five types of SC discovered based on the sonogram, 
which are similar by hearing and can only be accurately 
differentiate through inspection of sonogram image. By hearing, 
this vocalisation always consisted of two to three notes though it is 
actually consisted of three to five notes through sonogram 
inspection. Usually one single or two calls in a row is emitted, in 
rare occasion three subsequent calls are emitted. 
 

 
 

 
Scream Call type 1 (SC1) 

Chirp Call (CC) This is a rapid high pitch chirp sound that has a consistently 
frequent frequency modulation and very short time intervals 
between notes. This is a less common call, either it occur less often 
than the other two types or it occur at high elevation where 
sufficient observation and recording can hardly be made. There are 
two types of Chirp Call, where the only difference possessed is the 
present or absent of the initial syllable (see vocal type description in 
section 4.3.3). These two types of call can be accurately identified 
in field if the initial syllable is not missed during observation.  

 
 
 
 

 
Chirp Call type 1 (CC1) 
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4.4 Social Vocalisation 

A total of eight types of vocalisation (vocal type) were classified, which is naturally group into 

three major categories as mentioned in the ethogram, namely Rattle Call (RC), Scream Call (SC) 

and Chirp Call (CC); there are one type of RC, five types of SC and two types of CC (Table 3.2). 

Judging from the sample size of each call type, SC1, SC2 and RC are most commonly used by 

the studied species than other vocal types; more than 100 samples were collected for each of 

these three types while other call types have less than 20 samples. All call types have more than 

10 samples except vocal type SC5, where only one sample was collected.  

 

Table 4.2 Sound sample size according to eight call types, under three categories. Total 
samples size and sample size by study sites (Bau and Bukit Sarang) are listed. 
 

Vocal Category Vocal type Bau Bukit Sarang Total call 
sample 

Scream Call 
(SC) 

SC1 71 57 128 
SC2 117 122 239 
SC3 5 10 15 
SC4 8 4 12 
SC5 1 0 1 

Rattle Call (RC) RC 99 49 148 

Chirp Call (CC) 
CC1 1 16 17 
CC2 0 15 15 

TOTAL  302 273 575 
 

 

4. 4. 1 Perceptual Classification 

The three major categories are distinct both through listening and visual inspection of sonogram 

but, call types within category are highly similar through listening, especially for the Scream Call 

category.   The characteristic features of each type are described here based on the sonogram 

image and playback effect, which are crucial to identify and differentiate the call types.  
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4.4.1.1  Rattle Call (RC) 

By listening, RC sounds rather monotone and merely a repetition of clicking note (Catchpole & 

Slater 2008, Figure 1.2 e). Through sonogram inspection, it is found consisted of one or more 

syllable types ranging from single to pentuple click syllables, although each type of syllables are 

formed by the same type of clicking note, where single click syllable contains only one click 

note while pentuple click syllable contains five click notes. Figure 4.2 shows the single and triple 

click syllables, which are the most common types appeared in RC of Black-nest Swiftlet; 91% of 

RC samples contain these two types of syllable while only 24% or the samples contain double 

click syllable (for raw data and calculation details, see Appendix 9). However, those double click 

syllables samples always have the first sub-click appeared lighter (much lower in amplitude) 

compared to the second sub-click, which is congruent to observation by Suthers & Hector 

(1982), thus the first sub-click is hardly visible on the sonogram and difficult to be identified 

from single click syllable.  

 

Figure 4.2 Rattle Call (RC), sample catalog number: BAU0036. This Rattle Call sample 
consists of two types of syllables, the single click and triple click syllables.  
 
 

The duration of call varied in a wide range from 0.02- 3.097s and number of notes contained in a 

call varied greatly from 2-53 notes. The rapidness of each call also varied and not consistent 
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throughout the whole call, and this can be easily noticed even through listening. It is unknown if 

the rapidness is by any means different by individual distinctiveness and/ or context use. This 

characteristic can be observed on sonogram by checking the time intervals between notes and 

syllables; the shorter the time interval, more rapid it sounds. For triple to pentuple click syllable 

syllables, the time interval in between notes is sometimes too short and causes the sound switch 

closer to buzzing sound (Catchpole & Slater 2008, Figure 1.2f) instead of clicking. Any fixed 

trend of syllable type combination in a call is not noticed. 

 
 
 
4.4.1.2  Scream Call (SC) 
 

All five types of Scream Call are high-pitch, harsh and trilling scream that contained more notes 

and modulation, variation in note number and frequency modulation of the notes can be noticed 

in sonograms but hardly through listening. The frequency ranges are similar among these types, 

around 2-9 kHz, length of call very short where the SC1, SC2 and SC5 is around 1s while SC3 

and SC4 is less than 2s.  

 

These five SC types are differ in combinations of only five types of note. The note types, N1- N5 

were labeled in sonogram images of each call type (Figure 4.3- 4.7); N1 is a short and steeply 

downslurred �chirp� note, N2 a monotone wide freque ncy band with slight upslur at the starting, 

N3 a wide frequency band which is usually the longest (in duration) note in a call, N4 an 

upslurred �chirp� note, and N5 a downslurred wide f requency band of medium length/ duration. 

The frequency modulation and duration of the wide band notes (N2, N3 and N5) are individually 

distinct from sample to sample (for more discussion on variation and individual distinctiveness, 
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see session 3.3.3) which is clearly showed in the different shape and length of note from each 

different sample. A small amount of the samples have more distinct variation from more typical 

form; some samples have its supposedly separated notes, for example N1 and N2 joined into one, 

while others have small time interval (which cannot be noticed by hearing) separated the 

supposedly single note into two, for example N2 or N3 note in some of the samples (see 

Appendix 10 for variation of some selected samples). All of these note types, except for N1 note 

type, are mostly made up of clear sound part in the form of double-layered harmonics and noise; 

the second harmonic is always more concentrated (appeared darker), than the fundamental 

harmonic and in between these two harmonics is noise, as shown in Figure 4.3. Meanwhile, N1 

note usually do not have noise in between its double layered harmonics. 

 

The first note of all the SC types are a single �ch irp� note, N1, except only for the SC5, which is 

distinct from other SC types by its double N1 notes at the beginning of call (Figure 4.7). The 

second note of SC1 and SC4 is N2 note followed directly by an N3 note (Figure 4.3 and 4.6). For 

SC2 and SC3 the second note is an N4, followed by an N5 note and then an N3 note(Figure 4.4 

and 4.5). SC1 and SC4 are similar in term of sonogram pattern, while SC2 and SC3 are also 

similar in term of sonogram pattern, except that SC4 and SC3 have an extra N3 note.  

 

The first two notes of SC1 and SC4 (i.e. the N1 and N2 notes as shown in Figure 4.3 and 4.6), 

and the first three notes of SC2 and SC3 (i.e. the N1, N4 and N5 notes in Figure 4.4 and 4.5) 

always perceived by hearing as one single note (during normal speed playback) as the time 

intervals in between notes are short. When playing back in normal speed, it is difficult to 

differentiate SC1 from SC2 and SC3 from SC4; these call types are distinguishable in half speed 
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playback, where first two notes of SC1 sounded as a monotone single note, while first three notes 

of SC2 sounded as two notes with pitch modulation of a down slur followed by an up slur. The 

SC1 and SC2 types were differentiated by this characteristic when dealing with above mentioned 

atypical samples. 

 

Figure 4.3 Scream Call type 1 (SC1), Sample catalog number: BAU0047. This call starts 
with an N1, followed by an N2 and ends with an N3 note. The first two notes (N1 and N2) are 
always perceived as a monotone single note in half speed playback. The noise part, fundamental 
frequency and first harmonic, which are the common features of the SC calls are marked here. 

 

Figure 4.4 Scream Call type 2 (SC2), Sample catalog number: BAU0155. This call starts 
with an N1 note, followed by an N4, then an N5 and end with an N3 note. The first three notes 
(N1, N4 and N5) are always perceived as two notes with down-slur follows by an up-slur pitch 
modulation in half speed playback. 




































































































































































































