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______________________________________________________________________________________________________________  

 Abstract: Communication is a crucial element of animal kingdom as most organisms in nature rely on some or the 
other mode of interaction like visual, auditory, chemical or electrical. This review examines the use of acoustics 
monitoring in avian conservation efforts, focusing on the discovery, diversity, and anthropogenic impacts on bird 
populations. The study analyses studies published between 2000 to 2024, highlighting the significance of acoustics 
methods in the field of avian research. This comprehensive study compares the application of acoustics in the 
domains, i.e., conservation, bioacoustics monitoring which facilitates the detection of elusive species and 
assessment of habitat health, enabling targeted species conservation. In the last few decades, the advancement of 
technology has upgraded from tape recorders to automatic digital recorder, resulting into increased number of 
studies. For discovery, innovative acoustic techniques uncover new species and cryptic populations, expanding our 
understanding of avian biodiversity. Furthermore, analysing bird acoustical behaviour elucidates patterns of 
communication, mating, and territoriality, by synthesizing data from diverse ecological settings. This study 
underscores the versatility and efficacy of acoustical methods in advancing avian science and enhancing 
conservation  strategies. Conservation and bioacoustics monitoring are pivotal for detecting elusive species and 
assessing habitat health. 
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Introduction 

Bioacoustics is a branch of science which deals 

about sound, how it is produced and how it affects 

living organisms. Sound is used by many animals 

for their communication.  Bioacoustics  have many  
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Fig. 1: Number of papers found on the basis of keywords. 

applications in different fields like ecology, 

conservation  biology  behaviour  and  biomedical 

research (Penar et al., 2020). Animal 

communicates with each other by using various 

acoustical signals such as vocal, visual, chemical, 

electrical and tactile. The frequency range of 

almost every animal is ranged between 2 to 8 kHz. 

(Kumar, 2012). Acoustic monitoring has been 

widely used to examine the effects of various 

anthropogenic disturbances on birds. Bioacoustics 

is also used in various types of field studies, like 

animal communication, sound production, 

reception, biosonar, and active and passive 

acoustic technology for monitoring (Erbe et al., 

2017).  

 This review focuses on acoustical analysis in 

different applications of avian studies such as 

Diversity, Conservation, Discovery and Anthro-

pogenic studies using literature search by using 

various Search Engines such as Scopus, Google 

Scholar and Web of Science. All published 

literature (between 2000 to 2024) on avian 

acoustics was systematically collected and 

reviewed to prepare this systematic review. The 

key words for the search is shown in Figure 1 

(Rubenstein et al., 2023). 

Birds Communication 

Communication is an important function and plays 

an important role in the life of animals. There are 

various modes of communication in animal 

kingdom that is visual, vocal, chemical and 

electrical. Birds mostly rely on visual and vocal 

communication (Kumar, 2003) and use different 

types of sound such as simple call and complex 

songs, which are used for mating, breeding, sexual 

selection, cognition, cohesion and foraging 

(Kumar, 2012). Acoustical analysis plays an 

important role for avian studies, and sound-

producing species are important indicators of 

environmental health. Acoustic surveys offer an 

important approach for biodiversity monitoring 

programs. Animal sounds are used for communi-

cation and frequently carry species-specific and 

unique information that may be used by listeners. 

For this reason, bioacoustics is well suited for 

biodiversity monitoring in visually impaired 

unreachable environments. The primary means of 

identifying many animal species is sound. There 

are not many accurate techniques for determining 

population density using auditory data, despite 

the fact that songs, calls, and other sounds are 

frequently utilized for population assessment, 

such as in bird point counts and hydrophone 

surveys of cetaceans (Kumar, 2012). 

Historical Context 

The history of acoustics is rich and diverse, 

spanning from ancient times to the modern era. 

The   use   of  acoustics  in  the  study  of  birds  is  a 
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fascinating journey that integrates traditional 

knowledge with modern scientific approaches. 

The use of acoustical recording in ornithology 

began during the mid-20th century. In the 1930s, 

Ludwig Koch, a German ornithologist, pioneered 

the use of wax cylinder phonographs to record 

bird songs. His recordings were among the first to 

document bird vocalizations accurately and were 

pivotal in raising awareness about the diversity 

and complexity of bird songs (Koch, 1935). In the 

United States, Arthur A. Allen and Peter Paul 

Kellogg of Cornell University made significant 

contributions during the 1930s and 1940s. They 

used portable audio recorders to capture bird 

sounds, producing the first comprehensive audio 

guides to North American bird songs. Their work 

emphasized the importance of sound in avian 

identification and behaviour studies, influencing 

subsequent generations of ornithologists (Allen 

and Kellogg, 1937). The 1960s and 1970s saw 

further advancements with the development of 

more portable and reliable recording equipment, 

such as reel-to-reel tape recorders. These 

technological improvements allowed researchers 

to record in a wider range of environments and 

led to a surge in the collection and analysis of bird 

sounds. Pioneering ornithologists like Salim Ali, 

known as the "Birdman of India," started to 

incorporate portable audio recorders into their 

fieldwork. These devices allowed the accurate 

capture of bird sounds, which could then be 

analysed and compared in detail. Salim Ali's work 

emphasized the importance of bird vocalizations 

for species identification and behavioural studies, 

setting a foundation for modern ornithology in 

India (Ali and Ripley, 1996). In recent decades, the 

development of Automated Recording Units 

(ARUs) has further revolutionized the study of 

bird acoustics. ARUs are capable of continuously 

recording environmental sounds over extended 

periods, which allows researchers to gather 

comprehensive data on bird vocalizations without 

the need for constant human presence. (Dinesh, 

2001; Kumar, 2003).  

Overview of Bioacoustics 

The maximum number of papers was found from 

the combination of “Acoustic + Avian + Diversity 

studies” while the minimum number of papers 

was found for the search of “Bioacoustics + bird 

+India”. This Indicates that India is still lacking 

behind in using this technique of bioacoustics for 

avian research. We also, searched for papers on 

the basis of Indian States, by putting keyword such 

as -Acoustic OR sound OR call OR songs OR birds 

OR states name. This method helped in narrowing 

down the search results to find papers specifically 

related to a particular State (Table 1; Fig. 2). 

 In India, states like Maharashtra, Karnataka, 

Uttar Pradesh, and West Bengal are leading in 

avian research and bioacoustical studies. These 

states have a higher research focus because they 

have a wide range of habitat, making them 

attractive for researchers. Additionally, these 

states host prestigious research institutions and 

universities that specialize in wildlife and 

environmental studies. 

 There are few Indian states where such 

studies have been limited or have not been 

conducted extensively. States like Bihar, 

Jharkhand, Chhattisgarh, Odisha, and Assam have 

seen comparatively fewer bird acoustic studies. 

These states may have potential for further 

research in this field due to their unique bird 

populations and habitats. Researchers could 

explore these regions to expand the scope of bird 

acoustic studies and enhance our understanding of 

bird communication patterns. The ecological 

significance of these states, with their diverse 

habitats and ecosystems, also contributes to the 

interest in studying bird behaviour and 

communication. Moreover, the availability of 

funding and support for conservation efforts in 

these states may further boosts research activities 

in bird’s acoustic. Conversely, states with fewer 

studies may lack resources, have lower 

biodiversity, or place less emphasis on wildlife 

research. 
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Table 1: The number of papers found on state wise in the basis of keywords from 2000 to 2024 

STATES NAME NUMBER OF PAPER 

Jammu Kashmir 22 

Odisha 74 

Chhattisgarh 13 

Andhra Pradesh 62 

Arunachal Pradesh 27 

Assam 134 

Bihar 98 

Goa 198 

Haryana 28 

Himachal Pradesh 51 

Jharkhand 12 

Karnataka 134 

Kerala 187 

Madhya Pradesh 76 

Manipur 32 

Maharashtra 98 

Meghalaya 26 

Nagaland 106 

Punjab 223 

Rajasthan 64 

Sikkim 43 

Tamil Nadu 136 

Telangana 161 

Tripura 18 

Uttar Pradesh 334 

Uttarakhand 37 

West Bengal 794 

 

Fig. 2: The total number of papers shown by using above mentioned keywords, state wise in India. 
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Application of Acoustics in Avian studies 

Bioacoustics plays a crucial role in conservation, 

diversity, discovery, and understanding 

anthropogenic impacts on ecosystems. In conser-

vation, bioacoustics monitoring helps track 

endangered species, monitor habitats, and assess 

ecosystem health by capturing sounds from 

wildlife. This non-invasive method provides 

valuable data on species diversity, behaviour, and 

population dynamics. In terms of discovery, 

acoustics enables the identification of new species 

and the study of elusive or nocturnal animals that 

are difficult to observe visually. Additionally, 

analysing soundscapes allows scientists to assess 

the impact of human activities, such as 

urbanization and industrial noise, on natural 

environments. Table 2 depicts research trends in 

bioacoustics application in avian research. 

Diversity and Species Discovery 

Animal sounds are used for communication and 

frequently carry species-specific and unique 

information that may be used by listeners. For this 

reason, bioacoustics is well suited for biodiversity 

monitoring at remote location. In India, 

researchers have employed acoustic surveys to 

assess avian diversity in various habitats, 

including forests, grasslands, wetlands and urban 

habitats (Maraler and Slabbekoorn, 2004). 

Acoustic monitoring has led to the discovery of 

new bird species and subspecies, particularly in 

remote and understudied regions. In India, studies 

by researchers have highlighted the significance of 

vocalization differences in identifying cryptic 

species within the Western Ghats biodiversity 

hotspot (Sinha et al., 2011). Acoustic surveys have 

also revealed previously unrecognized 

populations and provided insights into the 

distribution and diversity of avian communities in 

various Indian ecosystems (Ranjan et al., 2013). 

For instance, a study by automated records is used 

for monitoring bird diversity in the Western Ghats, 

revealing significant differences in species 

composition across different altitudinal gradients 

(Pankaj and Sinha, 2015). Internationally, acoustic 

methods have been extensively used to study bird 

diversity in tropical rainforests, temperate 

woodlands, and urban environments. A 

comprehensive study by Aide et al. (2013), 

demonstrated the effectiveness of real-time 

bioacoustics monitoring and automated species 

identification in diverse ecosystems, enhancing 

the accuracy and efficiency of biodiversity 

assessments. These acoustic techniques have also 

facilitated the discovery of new species and the 

documentation of previously unknown vocaliza-

tions, as used for assessing spread of invasive bird 

species in Hawaii.(Kirschel et al., 2011). 

Conservation Purpose 

In the world of bird conservation research, the use 

of acoustics has become a valuable tool for 

studying and monitoring bird populations. 

Acoustic monitoring has been instrumental in 

conservation efforts, enabling the detection and 

monitoring of endangered species, forming the 

management practices, and evaluating the impact 

of environmental changes. By analysing the 

sounds of bird habitats, researchers can gain 

important insights into species diversity, 

behaviour, and the overall health of ecosystems 

(Balakrishnan, 2016). Bird’s acoustics and 

conservation emphasized the relationship 

between bird song diversity and habitat 

conservation. Acoustic methods have become 

increasingly vital in bird conservation efforts, 

providing a non-invasive, efficient means to 

monitor and protect avian species. In India, 

researchers have leveraged acoustic surveys to 

track the presence and abundance of endangered 

species in diverse habitats. For instance, Sethi and 

Bhatt (2008), used automated recording devices 

to monitor the critically endangered Houbaropsis 

bengalensis (Bengal Florican) in the grasslands of 

Uttarakhand, highlighting its declining population 

due to habitat loss and prompting conservation 

actions. Similarly, Kumar et al. (2017), employed 

acoustic monitoring to study the distribution of 

the Indian Nightjar (Caprimulgus asiaticus) in 

fragmented forest habitats, contributing valuable 

data for its conservation management. 

Internationally,    acoustic    methods    have    been 
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Table 2: Details of research articles compiled in this review and used to characterize publication and research 
trends in bioacoustics application in avian research 
 

S. No. References Location Category Species 

1 Kumar and Bhatt 
(2001) 

India  Acoustical Behaviour Oriental Magpie 

2 Brawn (2001) Delhi, India Diversity study Purple Sunbird 

3 Brumm(2004) Germany Anthropogenic study Territorial bird 

4 Maraler and 
Slabbekoorn 
(2004) 

California Diversity study Avian studies 

5 Kroodsma (2005) Various location 
in North America 

Conservation study Bird’s species 

6 Borges and Wcislo 
(2006) 

India Discovery studies Indian Babbler 

7 Shahabuddin and 
Kumar (2006) 

Rajasthan, India Anthropogenic study Bird community 

8 Francis (2009) Southwestern 
United States 

Anthropogenic study Avian studies 

9 Bardeli (2010)  Germany Discovery studies Warbler Species 

10 Tobias (2010) Europe Diversity study Bird’s species 

11 Laiolo (2010)  Various global 
location 

Conservation study Bird’s species 

12 Farina (2011)  Italy Diversity study Bird’s species 

13 Blumstein et al. 
(2011) 

Various global 
location 

Diversity study Bird’s species 

14 Sinha and Kumar 
(2011) 

Kolkata Discovery studies Indian Babblers 

15 Depraetere et al. 
(2012) 

France Diversity study Community level 

16 Kumar (2012) Himachal 
Pradesh 

Behavioural study Indian Birds 

17 Aide et al.  (2013) Puerto Rico Diversity study Bird’s species 

18 Gasc et al. (2013) France Discovery studies Bird’s species 

19 Menon et al. (2016) India 
(Tiruchirappali) 

Anthropogenic study Birds community 

20 Kumar and Sinha 
(2014) 

Western Ghats, 
India. 

Diversity and 
conservation studies 

Birds community 

21 Ranjan et al. (2013) Eastern 
Himalayas 

Diversity study Indian robin 
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22 Joshi and Narayan 
(2015) 

India  Anthropogenic study Indian Robin 

23 Balakrishna (2016) India Diversity study Avian Diversity 

24 Darras et al. (2019) Indonesia Conservation study Bird’s species 

25 Sullivan et al. 
(2017) 

U S A Conservation study Bird’s species 

26 Boxton et al. 
(2018) 

Karnataka  Acoustical monitoring Avian Diversity 

27 Divyapriya and 
Promod (2019) 

Tamil Nadu Acoustical study Bird’s species 

28 Singh et al. (2019) Delhi Anthropogenic and 
conservation study 

Bird’s species 

29 Jagiello et al. 
(2019) 

Poland Anthropogeny study Avifauna 

30 Sethi and Bhatt 
(2020) 

Uttarakhand, 
India 

Anthropogenic study Oriental Magpie Robin 

31 Pawar  et al.  
(2020) 

Mumbai Anthropogenic study Bird community 

32 Matuoka et al. 
(2020) 

Brazil Anthropogenic study Birds study 

33 Lawrence et al. 
(2020) 

North America 
(Panama) 

Diversity study Avian species 

34 Melo et al. (2021) Brazil Conservation study Faunal Species 

35 Lahiri et al. (2021) Arunachal 
Pradesh 

Diversity study Avian community 

36 Kler et al. (2022) Punjab Anthropogenic study Avian species 

37 Ramesh et al. 
(2023) 

Kerala 
(Annamalai) 

Conservation study Avian Diversity 

 

extensively used to support bird conservation 

initiatives across various ecosystems. A study by 

Oppel et al. (2014) utilized acoustic monitoring to 

assess the population status of the critically 

endangered Seychelles Magpie Robin (Copsychus 

sechellarum) enabling targeted conservation 

interventions that significantly improved its 

numbers. Additionally, the effectiveness of 

autonomous recording units has been used in 

monitoring bird communities in remote areas, 

such  as  the Galápagos Islands, where traditional 

survey methods are challenging (Buxton et al., 

2017). Thus, acoustic techniques have significantly 

 

enhanced bird conservation efforts by offering 

detailed insights into species distribution, 

population trends, and habitat use, supporting 

more informed and effective conservation 

planning. 

 These studies underscore the role of acoustic 

monitoring in providing continuous, real-time 

data that informs conservation strategies and 

measures  the  impact  of  environmental  changes  

and human activities on bird populations. 

 Acoustical techniques have facilitated the 

identification and protection of critical habitats. 

For example, Aide et al. (2013) used bioacoustics 
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monitoring to map bird diversity hotspots in the 

Neotropics and guiding the habitat preservation 

efforts. Another study, highlighted the use of 

passive acoustic monitoring to detect illegal 

logging activities in protected areas, thereby 

safeguarding bird habitats from anthropogenic 

threats (Blumstein et al., 2011).  

Estimating the impact of Anthropogenic activities 

Acoustic monitoring has been instrumental in 

assessing the impact of anthropogenic activities on 

bird populations, offering precise and continuous 

data that traditional methods may overlook 

(Divyapriya and  Promod, 2019). Researchers 

have employed acoustic techniques to study the 

effects of urbanization, industrial noise, and 

habitat fragmentation on bird communities. For 

instance, Singh and Raghubanshi (2012) used 

acoustic recordings to evaluate the impact of 

urban noise pollution on the vocal behavior of 

Indian House Crows in Varanasi, revealing 

significant changes in their call frequencies and 

patterns due to high noise levels. A study by 

Francis et al. (2011) in North America utilized 

autonomous recording units to investigate the 

impact of chronic noise from natural gas 

extraction on the nesting success of woodland bird 

species. The findings indicated that noise pollution 

led to reduced reproductive success and altered 

species composition, emphasizing the need for 

noise mitigation in conservation planning. 

Additionally, Dooling and Popper (2016) reviewed 

the broader implications of human-generated 

noise on bird auditory systems, suggesting that 

prolonged exposure to loud noises can cause 

temporary or permanent hearing loss in birds, 

affecting their ability to communicate, forage, and 

avoid predators. This study provided critical 

insights into how urban environments alter avian 

communication and behavior, informing urban 

planning and wildlife management strategies. 

Studies have shown that noise pollution can mask 

important acoustic signals, leading to changes in 

vocalization patterns, reduced reproductive 

success, and altered community dynamics (Joshi 

and Narayanan, 2015). Birds may modify their 

songs by increasing the amplitude, frequency, or 

duration to overcome background noise (Singh et 

al., 2019; Sethi and Bhatt, 2020). In response to 

noise, birds may alter their vocal behavior by 

increasing the amplitude (Lombard effect), 

changing the pitch, or modifying the timing of 

their songs (Brumm, 2004). These adjustments, 

however, can have energy costs and affect the 

efficiency of communication (Nemeth, 2010). 

Human activities have led to increased levels of 

ambient noise in various ecosystems, profoundly 

affecting wildlife, particularly birds. Birds rely 

heavily on acoustic signals for communication, 

navigation, and reproduction, making them 

vulnerable to noise pollution. Highways, railways, 

and airports contribute significantly to noise 

pollution. The low-frequency noise generated by 

these sources can travel long distances, affecting 

bird populations even in relatively remote areas 

(Kight and Swaddle, 2011). Industrial operations, 

such as mining, drilling, and manufacturing, 

produce persistent noise that can disrupt bird 

habitats. These noises often overlap with the 

frequency range of bird vocalizations, leading to 

interference (Barber et al., 2010) and causes 

decline in bird population, low reproductive 

success etc. 

Conclusion 

The use of acoustics in bird studies has been 

predominantly observed in biodiversity 

assessments, conservation efforts, and the study of 

the impacts of anthropogenic activities. Acoustic 

methods are extensively used in biodiversity 

assessments because they enable continuous, non-

invasive monitoring of bird populations across 

various habitats, including remote and densely 

vegetated areas where visual surveys are 

challenging. Conversely, acoustic methods are less 

frequently used in studies that require direct 

physical examination of birds, such as those 

involving genetic analysis or detailed physiological 

measurements, where capturing and handling the 

birds are necessary. Additionally, while acoustics 

provides valuable data on vocal behaviour and 

population dynamics, it is less effective for studies 
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focusing solely on visual traits or behaviours that 

do not involve sound production. Overall, the field 

of biodiversity assessments sees the highest use of 

acoustic methods due to their efficiency and 

ability to provide comprehensive data on species 

presence and distribution across varied environ-

ments. This widespread application underscores 

the critical role of acoustics in advancing our 

understanding and conservation of bird diversity 

in the face of global environmental changes. 
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