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Abstract 
 
 In many species, acoustic communication in the form of songs is a learned behavior that 

can be culturally transmitted throughout a population and passed down from one generation to 

the next.  Through time songs can change when populations become isolated from one another, 

creating dialects that are distinct to a population.  Geographic barriers and habitat fragmentation 

are isolating mechanisms that can influence differences in songs between populations.  In this 

study, I characterized and analyzed songs of the ‘ōma‘o in a continuous and fragmented 

landscape to determine how landscape variables influence song differences between populations.  

In a fragmented landscape I chose five fragments of different sizes and distance to record song in 

and in a continuous forest I chose three stations that were 300 meters apart to record ‘ōma‘o 

song.  I performed a correlation test to determine if there was a relationship between fragment 

size and total syllables and also between unique syllable and degree of isolation.  I also did a 

mantel test to determine if distance had an influence on song similarity.  The results indicated 

that songs from larger landscape fragments tended to have higher syllable diversity, and neither 

connectivity nor distance was related to the number of unique syllables found within a fragment.  

Overall, the results suggest that ‘ōma‘o songs are highly variable at the individual level and that 

there may even be little to no syllable sharing within and among populations. 

Introduction 
 
 Acoustic signaling is an important behavior in birds that can transmit different types of 
information (Catchpole & Slater 2008).  In oscine passerines, acoustic signals may be composed 
of calls and songs.  Calls are usually brief, simple in structure, and have various functions such 
as contacting conspecifics and signaling danger and food presence (Konishi 1985; Gill 2007; 
Catchpole & Slater 2008; Bosikova et al. 2010).  Conversely, songs are socially learned, 
generally more complex than calls, and are used for mate attraction and advertisement of 
breeding quality, individual identity, and territoriality (Konishi 1985; Gill 2007; Catchpole & 
Slater 2008; Bosikova et al. 2010). 

While song is innate in most bird species, song learning has been documented in three 
different avian orders: oscines (Passeriformes), parrots (Psittaciformes), and hummingbirds 
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(Apodiformes) that have specialized neural pathways for vocal learning (Jarvis & Mello 2000; 
Jarvis et al. 2000; Matsunaga & Okanoya 2009; Bosikova et al. 2010; Berg et al. 2012; Araya-
Salas & Wright 2013). Song learning has been best documented and studied in the oscines.  Song 
learning is a complex behavior, requiring social interactions with conspecific adult tutors 
(Kroodsma 1974; Baptista & Morton 1988; Heyes 1994; Nordby et al. 2000; Catchpole & Slater 
2008) during which young birds listen, observe, mimic and match their songs to their adult tutors 
(Lynch 1996; Catchpole & Slater 2008).  The songs that young birds learn, therefore, are derived 
from local song pools that have been passed down from one generation to the next, constituting a 
form of cultural transmission within a population. 

The social environment can influence the culture of song by determining which songs 
may persist or disappear from one generation to the next.  Every song that is heard by a young 
bird in theory may be learned, but common songs are more likely to be copied than rare songs 
(Payne et al. 1981; Lynch 1996; Catchpole & Slater 2008).  In addition, imperfect matches may 
occur when young birds copy a song incorrectly, improvise, or invent new songs (Payne et al. 
1981; Lynch 1996).  This can add both diversity in existing songs as well as new songs to the 
existing song pool and ultimately change the culture tradition of songs in the population.  When 
populations become isolated, songs are more likely to be lost via cultural drift, thereby increasing 
song differentiation among populations (Payne et al. 1981; Lynch 1996; Catchpole & Slater 
2008).   

The configuration of the landscape can influence how birds move and therefore may play 
a role in the shaping of songs among populations (Molles & Vehrencamp 1999; Koetz et al. 
2007b; Roach & Phillmore 2017).  Fragmented landscapes not only reduce the movement of 
individuals and species between patches (MacNally & Horrocks 2002; Sekercioglu 2007; Volpe 
et al. 2016; Hadley et al. 2018; Stevens et al. 2018), but can also prevent the flow of songs 
(Laiolo & Tella 2005; Laiolo 2008; Rivera-Gutierrez et al. 2010; Robin et al. 2011; Pavlova et 
al. 2012), and over time lead to song divergence across the landscape (Slabbekoorn & Smith 
2002; Ellers & Slabbekoorn 2003; Ruegg et al. 2006; Wilkins et al. 2013).  The degree of 
divergence between patches is largely dependent on the distance between fragments and the 
ability of a species to move through the matrix (Ricketts 2001; Antongiovanni & Metzger 2005; 
Castellón & Sieving 2006; Wu et al. 2014; Knowlton et al. 2017), whereas, in a continuous 
landscape individual movement maybe less constrained (Van Houtan et al. 2007; Robertson & 
Radford 2009) leading to an increased flow of acoustic information.  For example, fragment size 
and isolation have been shown to affect song characteristics among populations (Laiolo 2008; 
Sebastián-González & Hart 2017) and can interrupting cultural transmission of songs such that 
as distance increases songs become less similar to each other (McGregor & Krebs 1982; Laiolo 
& Tella 2005; Pavlova et al. 2012).  Fragmentation and isolation of populations across the 
landscape promotes song differentiation between fragments (Laiolo & Tella 2005; Koetz et al. 
2007a; Rivera-Gutierrez et al. 2010) and over time may result in some songs disappearing while 
other songs may become fixed in a population, creating dialects that are unique to a particular 
population (Koetz et al. 2007b; Robin et al. 2011).  Given the importance of song for 
communication between conspecifics for both territorial defense and mate attraction (Catchpole 
& Slater 2008), substantial song divergence between populations can lead to reproductive 
isolation through female choice of familiar songs (Slabbekoorn & Smith 2002; Ellers & 
Slabbekoorn 2003; Catchpole & Slater 2008), and ultimately speciation (Grant & Grant 1997; 
Wilkins et al. 2013).      
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In this study, I compared the songs of the ‘ōma‘o (Myadestes obscurus) between a 
continuous and a fragmented landscape on Hawai`i island to determine the degree of song 
variability across the landscape.  I used Island Biogeography Theory (MacArthur & Wilson 
1967) to frame three hypotheses and predictions, given that factors influencing species richness 
and diversity within a habitat have also been shown to play a significant role in structuring 
acoustic diversity across the landscape (Robin et al. 2011; Pavlova et al. 2012; Sebastián-
González & Hart 2017).  The first hypothesis is that there are differences in ‘ōma‘o songs 
between and within populations.  The main prediction under this hypothesis is that song 
characteristics between a fragmented habitat and a continuous forested habitat will differ from 
each other and songs will become less similar with increasing distance between fragments, 
whereas there will be little effect of distance song characteristics in a continuous habitat.  The 
second hypothesis is that there is a relationship between fragment size and total syllable 
diversity.  Larger fragments are predicted to have a higher diversity of ‘ōma‘o syllables 
compared to smaller fragments.  The last hypothesis is that there is a relationship between 
connectivity of a fragment and the number of unique syllables found within that fragment, with 
the prediction that the number of unique syllables decreases with connectivity.  
 
Methods 
 
Study Species 
 

The ‘ōma‘o is a native Hawaiian thrush that is endemic to the island of Hawai‘i and is 
found in a variety of habitats, from montane ‘ōhi‘a (Metrosideros polymorpha) rainforest to sub-
alpine lava fields (Van Riper & Scott 1979; Pratt 1982; Wakelee 1996; Wakelee & Fancy 1999).  
‘Ōma‘o are important to forest health and regeneration because they are a frugivore species that 
help to spread native plant seeds (Pratt 1982; Gorresen et al. 2009, Wu et al. 2014).  The ‘ōma‘o 
were once common in the early 1900’s throughout Hawai‘i Island across a broad elevational 
range (Van Riper & Scott 1979), but currently occupy less than 30 percent of their former range 
and are found above 1,500 meters (Van Riper & Scott 1979; Scott et al. 1986; Wakelee & Fancy 
1999).  

‘Ōma‘o are considered to be solitary and sedentary with strong site fidelity (Pratt 1982; 
Ralph & Fancy 1994).  The home range size of banded ‘ōma‘o was estimated to be between 1.62 
to 2.20 hectares (i.e. 16200 - 22000 m2) depending on the type of habitat they resided in (Ralph 
& Fancy 1994; Wakelee 1996), while movement in a fragmented landscape tracked via radio 
telemetry averaged 98 meters during the breeding season from February to April and during the 
non-breeding season July to September (Wu et al. 2014).  The limited movement of  ‘ōma‘o 
makes them a good model species to examine song variability between populations as a function 
of geographical isolation and landscape configuration (habitat fragmentation versus continuous 
forest).  Little is currently known about ‘ōma‘o vocalizations beyond a basic description of their 
characteristics and functions (Pratt 1982; Wakelee & Fancy 1999).  
 
Study Locations 
 

Two locations on Hawaii Island were selected to examine variability in ‘ōma‘o songs 
between populations: the kīpuka within the Waiākea Forest Reserve System, located on the 
northeast slope of Mauna Loa and Hakalau National Wildlife Refuge, located on the northeast 
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slope of Mauna Kea.  These locations were chosen because they represent different differnet 
degrees of forest fragmentation across the landscape.  The Waiākea Forest Reserve System 
contains a network of isolated forest patches (kīpuka) that were formed from 1855 and 1881 lava 
flows that make up the surrounding matrix.  Each kīpuka is comprised of native old growth 
forest dominated by tall saturated (15-25 meters) ‘ōhia with relatively diverse, native dominated 
mid-canopy and ground layer.  The matrix between the kīpuka is primarily bare lava rocks with 
scattered small ‘ōhi‘a, along with ‘ōhelo ‘ai (Vaccinium reticulatum) and other shrubs 
(Sebastián-González & Hart 2017).  We selected five kīpuka of varying sizes (0.16-10.52 
hectares) and distance from one another (1.2-4.0 kilometers) to examine variability in ‘ōma‘o 
songs (Figure 1).  In contrast, the second study location (Hakalau) lies within the Hāmākua 
district, one of the largest continuous forest tracts on Mauna Kea (Scott et al. 1986).  The habitat 
within Hakalau consists of native old growth forest comprised of mainly ‘ōhi‘a and koa (Acacia 
koa), while the understory is degraded from a century of cattle ranching and thus, is comprised of 
a mixture of introduced grasses and native plant communities (Hart & Freed 2003; Leonard 
2009).  Within the region of the refuge called Pua Akala, we randomly selected three sites along 
a bird transect survey consisting of eight stations, each 150 meters apart, for inclusion of the 
study (Figure 1).  
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Acoustic Recordings 
 
 To record acoustic signals in the kīpuka and at Hakalau, I used a Wildlife Acoustics 
songmeter (model SM2) with an omnidirectional microphone (SMX-II: Wildlife Acoustics) with   
a sensitivity rate of -35 dBV/pa and a frequency response of 20-20,000 Hertz.  I recorded all files 
in a 24-bit wav format with a sampling rate of 44.1 kHz.  At each site, I recorded for two weeks 
during the ‘ōma‘o breeding season, from June to August 2014 at sites within the kīpuka (n=6) 
and in August 2015 at sites within Hakalau (n=3).  The songmeters recorded from 0600 to 1100 
and from 1500 to 1600 in five minute intervals each lasting for five minutes for a total recording 
time of 180 minutes per day.  For each site, I used a random number generator to select four days 
out of the 14 days for analysis for a total of 4,320 minutes at the kīpuka and 2,160 minutes at 
Hakalau. 

Figure 1.  Site map of study location.  A) Left star is the 
location of the kīpuka and the right star is the location of 
Hakalau.  B) Map of the study kīpuka.   
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Syllable Classification 
 
 Using Raven Pro 1.5 (Bioacoustics Research Program, 2014) I visually detected ‘ōma‘o 
songs in the four randomly selected days per site.  I only selected clear songs that had little to no 
overlap with the vocalizations from other birds as well as other ‘ōma‘o or background noises.  In 
addition, I included only songs with an average power greater than 50 dB to ensure that the notes 
in the syllables of the songs were clear and well defined to aid in distinguishing among syllables.  

‘Ōma‘o songs can vary in length, and may be comprised of one or more syllables that 
maybe separated by 0.2 to 0.5 seconds (Figure 3).  Because syllables are considered individually 
repeatable units that may be subject to cultural change (Lynch 1996), I classified ‘ōma‘o songs at 
the syllable level.  I classified ‘ōma‘o syllables based on the pattern, sound, and structure.  The 
pattern of the syllables refers to how the syllables visually appear on the spectrogram based on 
the shape of the syllable and placement and arrangement of the notes (Figure 3).  The structure of 
the syllables included the number of notes within a syllable, frequency range (kHz; including 
only the fundamental tone of the syllable and not harmonics), and duration (seconds) (Figure 3).  
Each syllable was visually compared to a reference file containing all unique syllable types 
(Appendix 1).  If syllables were different in pattern, spacing of notes, and had two or more 
differences in note structure (number of notes within a syllable), they were considered different 
syllables but if only one difference was found it was considered to be the same syllable.  If a 
visual match based on pattern and structure of a syllable was found, then this was confirmed 
aurally.  A syllable had to have the same pattern, structure, and sound to be considered a match 
(Appendix 1).    
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Four syllable ‘ōma‘o song with parameters used to classify 
the song.   
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Statistical Analysis 
 
Syllable Diversity and Accumulation Curves 
 
 I used Program R version 3.3.2 (R Development Core Team 2016) for all statistical 
analyses.  Syllable diversity was categorized into shared, unique, and total syllables.  Syllables 
that were considered to be shared were found at one or more recording stations, while unique 
syllables were syllables that were found at only one recording station.  Total syllables were the 
number of unique and shared syllables per recording station.  Once the classifications of the 
syllables were completed, I created a syllable accumulation curve for each site separately to 
determine if the four days of recordings adequately captured syllable diversity.  
 
Between Geographic Locations  
 
 I compared the average number of syllables between the kīpuka and Hakalau using a 
GLM Quasipoisson test to determine if ‘ōma‘o produce more syllables in a continuous or 
fragmented habitat.  For the Quasipossion test I used location (kīpuka and Hakalau) as my 
response variable and total syllables for each site as my predictor variable.  A Quasipoisson was 
used because the data was overdispersed.  To determine if the proportion of unique to shared 
syllables found at each location was similar, I used a Chi-Square Test of Independence.   
 
The Relationship Between Syllable Diversity and Landscape Variables 
 

I used Pearson correlation tests to investigate the relationships between kīpuka size 
(hectares) and connectivity (the amount of available habitat within a 1,000 meter radius buffer 
around each kīpuka) and total syllables and the number of unique syllables documented at each 
site, respectively. Estimates of kipuka size and the buffer around each kipuka were calculated by 
Sebastián-González and Hart (2017) using Quantum GIS software (QGIS 2015).  The buffer was 
determined by calculating the proportion of forested habitat within 1,000 meters from the 
centroid of each kīpuka while excluding the area of the kīpuka (Sebastián-González & Hart 
2017). 

I used a Mantel test (R package vegan; Oksanen et al. 2017) to determine if the distance 
between sites had an influence on the number of shared syllables within the kīpuka and within 
Hakalau.  Distances between the kīpuka were previously calculated by Sebastián-González and 
Hart (2017) using Quantum GIS software that measured the linear distance (meters) from the 
edge of one kīpuka to the nearest of another kīpuka using digitized images. For each location, I 
created a syllable dissimilarity matrix based on a pairwise comparison of the presence or absence 
of each syllable between sites using the Jaccard index from the vegan package (Oksanen et al. 
2017).  Values of the Jaccard index range from 0 to 1, with higher values indicating fewer shared 
syllables between sites.  A Euclidean distance matrix (distance between pairs of sites) was then 
correlated with the syllable dissimilarity matrix to determine if the presence or absence of 
syllables found in each kīpuka was related to distances between each kīpuka.  
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Results 
 
Characteristics of ‘Ōma‘o Vocalization 
 

 There were a total of 174 different syllables recorded in the kīpuka and 81 syllables at 
Hakalau.  A syllable accumulation curve for each site in the kīpuka (Figure 4A) and Hakalau 
(Figure 4B) indicated that four days of analyzed recordings adequately captured the range of 
syllable diversity at each site.  That is, by Day 4 there was evidence that they had reached 
asymptote.   

‘Ōma‘o vocalizations are made up of calls and songs.  ‘Ōma‘o calls (Appendix 2) were 
low in pitch, raspy, and buzzy.  The structure of their calls was simple, consisting of a syllable 
that ranged in frequency from 1-4 kHz, and lasted from 0.5-1.5 seconds.  At both the kīpuka and 
Hakalau, ‘Ōma‘o calls were similar in their pattern and structure.  I did not include ‘ōma‘o calls 
in this analysis because their calls were not the focus of this research.      

‘Ōma‘o have two types of songs: trilled songs and typical songs (Appendix 2).  The 
trilled song is a series of rapidly repeating notes or syllables that are low in frequency (1-4 kHz) 
and range in duration from 0.5-1.5 seconds. Trilled songs are quieter than calls and typical songs, 
do not contain harmonics, and are less complex in terms of number of notes, structure, and 
unique syllable types than typical songs.  The typical songs (Appendix 2) are elaborate, long, and 
complex.  These songs range in frequency from 1-7 kHz (not including harmonics), range in 
duration from 0.5-5.0 sec long, and are made up of syllables that are not fixed in any order 
within the song.  ‘Ōma‘o may sing syllables individually or string syllables together to form 
longer songs. 
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Figure 3.  Syllable accumulation curve for the kīpuk (a) and Hakalau (b).  
  

a 

b 
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The Effects of Distance, Fragment Size, and Connectivity on ‘Ōma‘o Song Characteristics  
 
 There was no overlap between ‘ōma‘o song syllables recorded from the kīpuka and those 
recorded from Hakalau.  Also, there was no significant difference (p = 0.61, t7 = 0.54) in mean 
number of syllables per recording site between each location (mean ± se; kīpuka: 40.40 ± 6.36; 
Hakalau 32.67 ± 15.17) (Figure 5).  There was also no significant difference (p = 0.32, χ2 = 0.98, 
df = 1) in the proportion of unique syllables to shared syllables among recording sites between 
the two locations (Figure 6).  Of the 174 syllables in the kīpuka, 152 (87%) were unique to a 
specific kīpuka and 22 syllables were shared among one or more kīpuka (Table 1).  Of the 81 
syllables at Hakalau 67 (83%) were unique to a specific station and 14 were shared among one or 
more station (Table 1).     

In addition, the Mantel test did not demonstrate a relationship between similarity in 
‘ōma‘o syllables and distance between the kīpuka (p = 0.18, r = 0.34) or between stations at 
Hakalau (p = 0.33, r = 0.51).  This indicates that kīpuka and stations at Hakalau that were close 
together were not more similar to one another than to those that were farther away. However, the 
total number of syllables per recording location in the kīpuka increased significantly with kīpuka 
size (p = 0.02, rs = 0.93, t3 = 4.24) (Figure 7).  There was not a significant relationship between 
connectivity (the amount of available habitat surrounding a kīpuka) and the number of unique 
syllables within each kīpuka (p = 0.50, t3 = 0.76, rs = 0.40). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Mean number of syllables (± se) per site for 
each location.  There was no difference between the 
kīpuka and Hakalau (p = 0.61, t7 = 0.54).  
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Figure 5.  The proportion of unique syllables to shared syllables for 
each location.  Although, the kīpuka on average had more syllables 
the proportion of unique syllables to shared syllables was not 
significantly different (p = 0.32, χ2 = 0.98, df = 1).  

Table 1. Total, shared, and unique syllables found in the 
kīpuka and in Hakalau.  Total syllables are the number of 
syllables found at each site.  Shared syllables are syllables that 
are found at a particular recording station and at other 
recording stations.  Unique syllables are syllables that are 
found at only one recording station. 

	  	  
Total	  

syllables	  
Shared	  
syllables	  

Unique	  
syllables	  

Kīpuka	   174	   	  	  	  	  	  	  	  22	   	  	  	  	  	  	  152	  
5 58 10 48 
9 36 11 25 
15 35 9 26 
30 22 8 15 
33 51 13 38 

Hakalau	   	  	  	  	  	  	  81	   	  	  	  	  	  	  	  14	   	  	  	  	  	  	  	  67	  
2 18 7 11 
4 63 14 49 
6 17 10 7 
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Discussion 
 

Overall, the results indicate that ‘ōma‘o songs are highly variable across the landscape.  
While syllable abundance did increase with fragment size, there was little effect of distance 
among recording sites or connectivity among fragments on syllable abundance and sharing. 
There was no overlap of syllables between the Hakalau and kipuka populations and very few 
shared syllables among recording sites within a population, regardless of the distance between 
sites.  The number of syllables detected per recording location in the kīpuka and Hakalau were 
similar, as was the ratio of the number of unique syllables to shared syllables across the two 
sites.  

Within both the kīpuka and Hakalau, ‘ōma‘o songs at recording stations located close to 
each other were just as different as ‘ōma‘o songs that were recorded from stations farther away 
from each other.  These results were surprising given: 1) strong documentation of isolation by 
distance in various bird species (Laiolo & Tella 2005; Briefer et al. 2010; Rivera-Gutierrez et al. 
2010; Pavlova et al. 2012) and 2) observed restricted movements of ‘ōma‘o within the matrix 
surrounding a kīpuka and even between kīpuka (Wu et al. 2014; Knowlton et al. 2017), 
suggesting that there is some level of connectivity between each kīpuka and thus the potential for 
song sharing. 

Figure 6.  Correlation between kīpuka size and total syllables found within each 
kīpuka.  Larger sized kīpuka tended to have a higher number of syllables 
compared to smaller sized kīpuka (p = 0.02, rs = 0.93, t3 = 4.24). 
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A possible explanation for the high levels of song differentiation in this species is that 
individuals are learning some syllables culturally but are also inventing their own unique 
syllables.  In two thrush species from Costa Rica a male’s repertoire was made up of invented 
syllables that were unique to a particular male while a small portion of his repertoire was shared 
with other males in close proximity (Vargas-Castro et al. 2012; Vargas-Castro 2015).  This 
suggests that invention of syllables is important during the song learning process in some 
thrushes.  Having a repertoire of invented syllables may serve as a way to identify individuals 
and may also increase repertoire size which could be favorably selected for via sexual selection 
(Wiley et al. 1991; O’Loghlen & Beecher 1997; Gentner & Hulse 1998; Catchpole & Slater 
2008).  Having inter-individual variability can be used to discriminate between familiar and 
unfamiliar individuals and also to identify specific individuals that may vary in quality (Wiley et 
al. 1991; Fitzsimmons et al. 2008; Caro et al. 2009; Barišić et al. 2018).  This is especially 
important in recognizing who is a neighbor and could reduce aggressive interactions between 
individuals.  Although, other studies have suggested that having similar, recognizable songs 
reduces conflict between neighboring individuals (Briefer et al. 2008; Osiejuk 2014), it is 
possible that having some syllables shared in their repertoire can be used to distinguish where an 
individual came from (Barišić et al. 2018) and unique syllables suggesting who that individual is 
(Wiley et al. 1991; Fitzsimmons et al. 2008; Caro et al. 2009).  For example, female dunnock’s 
(Prunella modularis) are able to discriminate between males that are on her territory and males 
of neighboring territories that share similar song patterns from the unique notes that males on her 
territory sing (Wiley et al. 1991).  Furthermore, invented syllables can be a way to increase 
repertoire size (Todt & Hultsch 1998) which can increase mating success since females may 
prefer males with larger repertoire and females can use this information to assess male quality 
(Searcy 1984; Catchpole & Slater 2008; Potvin et al. 2015). 
 Another aspect that can affect song variability within a population is habitat 
fragmentation.  Higher song diversity with increasing fragment size in the kīpuka provided 
support for the hypothesis that song diversity is related to fragment size.  Sebastián-González 
and Hart (2017) also found that kīpuka size was an important indicator for song diversity in other 
passerine species in the same kīpuka system.  Syllable diversity may have increased with 
fragment size because there are more individuals present in larger fragments, allowing 
individuals to learn their songs from a greater number of neighbors.  This was also demonstrated 
in great tit males where the number of songs that were available to learn decreased with fragment 
size (Rivera-Gutierrez et al. 2010).  However, while song learning undoubtedly involves cultural 
transmission in ‘ōma‘o, the final repertoire of an individual does not appear to be shared with 
individuals within the population, making it difficult to see the connection between population 
size and syllable diversity.  Another possible explanation is that this relationship for ‘ōma‘o is an 
artifact of sampling at locations that may be recording more than one ‘ōma‘o.  As kīpuka size 
increases, the number of individuals detected at a recording station may also increase, thus 
increasing syllable diversity with fragment size.  Larger fragments are able to support a larger 
density of birds hence a greater number of syllables that are available to learn from.  Also, larger 
fragments may be able to stabilize the erosion of song diversity that smaller fragments could be 
experiencing from the reduction of birds occupying smaller fragments (Laiolo 2008).  
Nonetheless, song diversity was similar in a fragmented and continuous landscape and was 
highly variable across the landscape with each recording point having high levels of unique 
syllables.  
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 This study is the first in-depth analysis and characterization of ‘ōma‘o songs and adds to 
the existing knowledge of the ecology of the ‘ōma‘o.  Landscape characteristics have been 
shown to influence acoustic differences in other bird species and understanding how the 
landscape may have an influence on ‘ōma‘o songs can provide insight on conservation efforts for 
the ‘ōma‘o and other native bird species.  Future research should focus on characterizing 
individual songs to determine how variable their repertoires are at the individual level.   
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Appendix 1- `Ōma`o Syllable Classification 
 
 
 

 

Figure 7. Spectrogram example of syllable requirements for syllables to be considered the same syllable, 
variation of a syllable, or different syllables.  The number in the right top corner is the syllable number.  
Syllable 2 is considered the same syllable, while syllable 41 is considered to be variations of the syllable.  
Syllables 15 and 201 are different syllables although they have a similar structure and pattern the syllables 
sound different.  Syllables 231 and 103 are considered to be different syllables although they have a similar 
pattern and sound the structure of the syllable is different because there is more than two notes missing. 

2 2 
 

41 41 41 

15 15 201 231 
103 
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Appendix 2- `Ōma`o Vocalization Description 
 

Figure 8.  Spectrogram example of `ōma`o vocalizations.  (a) example of `ōma`o 
calls.  (b) example of  `ōma`o trills. (c) example of `ōma`o songs.  
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