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Bird communication is a growing field of study in ethology and evolutionary biology;
however, most known studies were conducted only in the northern hemisphere.
We measured six temporal and structural features of golden-billed saltator (Saltator
aurantiirostris) song and recorded 57 vocalizations at Parque San Martı́n reserve
(Argentina). Results indicated that the prelude represented between two and four
syllables, while the trill was composed of one to three. The complete song always
contained six syllables. Maximum and minimum frequencies were higher in the trill.
The duration of prelude and trill did not differ between vocalizations. Modifications
and differences observed in vocalizations may be explained by the acoustic adaptation
hypothesis, which predicts higher frequencies in open habitats. Our results broaden and
supplement the data available for this species in Argentina, representing useful
information for studies intended to assess the effect of different habitats on bird’s
vocalizations in southern South America.
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Introduction

Vocalizations of oscine birds has become an important field of research with implications

in ethology (Seddon & Tobias 2010; Hesler et al. 2011), taxonomy (Schottler 1993;

Bergman & Schottler 2001; Raposo & Höfling 2003) and evolutionary biology (Lynch &

Baker 1994; Päckert et al. 2003). For example, bird vocalizations have been used to

understand speciation processes, since the process of divergent displacement occurs faster

in vocal characteristics issued in traits that have a unique genetic unit (Lynch 1996; Collins

et al. 2009; Marova et al. 2010; Grant & Grant 2010; Weir & Wheatcroft 2011).

Vocalizations as a trait evolved to influence the behaviour of a receiver (either of the same

or other species) to reproduce, locate prey, detect predators, identify and/or warn

conspecifics and individuals or to coordinate activities (Simmons et al. 2003; Rendall et al.

2009). As any other trait, vocalizations were modelled by natural selection in response to

habitat’s characteristics (Morton 1975; Hansen 1979). Song structure is composed of

several elements: syllables, phrases, calls and songs (Krebs & Kroodsma 1980; Catchpole

and Slater 1995); all of them considered as elementary units of birds’ vocalizations.

A syllable includes one or more elements and is usually a few to a few hundred

milliseconds in length; structures that are known as Phrases when arranged in small
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groups. Calls are generally compact sequences of phrases, while Songs are long and

complex vocalizations (Chen &Maher 2006). Furthermore, the song structure may also be

divided into prelude (first part) and trill (second part), being both composed of several

repeated syllables (Nowicki & Marler 1988; Simonetti et al. 1996).

The golden-billed saltator (Saltator aurantiirostris) is a small sized passerine (about

18 cm long) that inhabits the Paraná River floodplain (Argentina) and is considered of low

concern by the IUCN (Red list of threatened species, 2012–2013). Males and females are

dorsally grey and its face, sides of neck and collar are black in colour. Its throat and long

post-ocular eyebrow are white, while the beak is orange with a black maxilla (Narosky &

Yzurieta 2010). This species is strongly associated with the forests and gallery forests of

the Paraná River (Beltzer et al. 1997), but may also inhabit severely degraded, border and

open areas (Parker et al. 1996). S. aurantiirostris feeds on the ground, on the herbaceous

layer, on branches and foliage or delves into faeces of cows and horses (De la Peña &

Pensiero 2003). Its distribution ranges from northern and central Argentina (except in

Misiones province) to the northeast of the Rı́o Negro (Figure 1).

As mentioned before, the knowledge of birds’ vocalizations is of relevance in

ethology, ecology as well as in evolutionary and conservation biology. The aim of this

study is to analyse the structure of the vocalizations of S. aurantiirostris, thus broadening

the available information for this species in Argentina.

Methods

Study area

Vocalizations used in this study were recorded at the ‘Parque General San Martı́n’ reserve

(hereafter PGSM, 3184405700S, 6081904000W – Figure 1). The area has an average annual

rainfall of 800 ^ 200mm and a mean annual temperature of 18 ^ 108C. This is the

area of convergence of two eco-regions: the Espinal and Delta and Islands of the Parana

river; thus supporting a remarkable biodiversity (Burkart et al. 1999; Lajmanovich &

Peltzer 2001); however, the study site presents areas where the vegetation was degraded.

Acoustic sampling

Recordings were made once a week during the 2010 breeding season (September–March)

from 07:00 am to 12:00 pm (period of known increased activity of birds – Ralph et al.

1995; Ordano 1999). Only males singing on or nearby an active nest were recorded. Nest

location was registered by using both a GPS and flagging tape, in order to avoid

pseudoreplication. Vocalizations were recorded for 10min in a straight line to the point of

emission (Buckland 2006) or until 10 complete vocalizations per individual were

registered. Recordings were made with a multidirectional microphone (Panasonic PN-666)

mounted in a fibreglass parabola (55 cm in diameter) connected to a Sony TCM – 400DV

tape recorder. In spite of the simplicity of the components used, they provide excellent

directionality and noise reduction (Budney & Grotke 1997).

Only complete and high-quality vocalizations (those with lower background noise)

were used for analyses. Song parameters (Table 1) were measured by using Sound

Analysis Pro 1.4 software (Sampling frequency: 44.100Hz, FFT length: 256, time

resolution: 2.90ms, frequency resolution 172Hz – Tchernichovski et al. 2000). Reported

values are means ^ SD (standard deviation).

Differences in frequencies between syllables were determined through one-way

analysis of variance (ANOVA). Before statistical tests were conducted, the normal

distribution of samples was tested. Differences were regarded as significant at P . 0.05.

2 E.J. Leon et al.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

id
ad

 N
ac

io
na

l d
el

 L
ito

ra
l]

, [
M

ar
tín

 Q
ui

ro
ga

] 
at

 1
2:

19
 0

2 
M

ar
ch

 2
01

5 



Results

A total of 57 independent vocalizations of S. aurantiirostris were analysed. Vocalizations

were composed of four sections: song (which can be divided into prelude and trill), phrases

and syllables. The prelude presented between two and four syllables each, while the trill

Figure 1. Geographical distribution of Saltator aurantiirostris in Argentina (grey) and location of
area of study (black circle).
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varied from one to three syllables. The complete song was always composed of six

syllables (Figure 2) and averaged 1.02 ^ 0.22 s in length.

The maximum frequency of the prelude was 4419 ^ 356Hz and showed a significant

increase from syllable one to two (ANOVA; Syl 1–2: F ¼ 6.8, df ¼ 113, P ¼ 0.01).

By contrast, values of minimum frequency (2078 ^ 148Hz) showed a significant decrease

between these two syllables (ANOVA; F ¼ 4.2, df ¼ 113, P ¼ 0.04). No significant

variations were detected between syllables two and three in both maximum (ANOVA;

F ¼ 0.64, df ¼ 103, P ¼ 0.42) and minimum frequencies (ANOVA; F ¼ 3.8, df ¼ 101,

P ¼ 0.53). The prelude lasted 0.48 ^ 0.17 s and was composed of 3.01 ^ 0.51 syllables

and two phrases of 0.20 ^ 0.12 s (duration of both phrases combined). Silent intervals

between syllables were 0.16 ^ 0.07 s from syllable one to two and 0.006 ^ 0.004 s from

two to three.

The trill’s maximum frequency (6009 ^ 872Hz) decreased from syllables four to six

(ANOVA; Syl 4–5: F ¼ 5.4, df ¼ 65 P ¼ 0.02; Syl 5–6: F ¼ 3.8, df ¼ 77, P ¼ 0.05).

The minimum frequency (2009 ^ 261Hz) also decreased from syllable four to five

(ANOVA: F ¼ 6.92, df ¼ 66, P ¼ 0.01). But the observed decrease between syllables five

and six only showed marginally significant results (ANOVA: F ¼ 3.4, df ¼ 77, P ¼ 0.06).

The trill was 0.45 ^ 0.16 s in duration and the number of syllables was 2.35 ^ 0.61.

Silence intervals between syllables were 0.08 ^ 0.15 s (from syllables one to two) and

0.33 ^ 0.23 s (from syllables two to three) (Figure 3).

Discussion

Our results indicate that vocalizations of S. aurantiirostris consist of simple songs,

composed in every case of six syllables. These birds are characterized by true

vocalizations that are used to defend the territory, to attract females and to communicate

with other individuals (Rendall et al. 2009). As stated by Mason (2012) and accordance

with our results, S. aurantiirostris vocalizations are typically composed of relatively few

Table 1. Estimated parameters in songs of S. aurantiirostris.

Song Elements # D MaxF MinF IESI

Prelude Syllables X X X X X
Phrases X X

Trill Syllables X X X X X
Phrases X X

Note: #, number; D, duration; MaxF, maximum frequency; MinF, minimum frequency; IESI, inter-element
silence intervals.

Figure 2. Full song (spectrogram) of males’ vocalization of Saltator aurantiirostris in the PGSM
(Entre Rı́os Province, Argentina).
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and short notes (Mason: 7, current data: 6–8) if compared with other passerine species:

Troglodytes aedon (16–18 syllables, 6–8 phrases–Tubaro 1990), Sylvia conspicillata

(33–36 syllables, 10–30 phrases – Palmero et al. 2012) or Sicalis flaveola (6–9

syllables, 12–15 phrases – Leon et al. 2014). Mason (2012) mentions for

S. aurantiirostris that maximum frequencies remained stable along vocalizations;

however, we found a significant increase in such frequencies within the prelude (from

syllable one to two). This characteristic may help to ensure the arrival of the message by

making the prelude more detectable to receptors due to the higher frequencies used. This

mechanism was observed in many birds such as the great tit (Parus major) and the

common blackbird (Turdus merula) (Slabbekoorn & Peet 2003; Slabbekoorn et al. 2012;

Nemeth et al. 2013).

Maximum frequencies of the trill were even higher compared with those of the

prelude, a fact that is consistent with predictions of the acoustic adaptation hypothesis

(AAH): (1) frequencies are higher in open habitats and (2) the trill’s high-frequency

modulation (Morton 1975; Hansen 1979). This phenomenon was also observed in

vocalizations of the saffron finch (Sicalis flaveola) at the same study site (Leon et al.

2014). This mechanism, which demands a higher energy expenditure (Oberweger &

Goller 2001; Thomas 2002; Ward et al. 2003), may also be explained by this section of the

song containing the biological information (Simonetti et al. 1996).

The structure of S. aurantiirostris vocalizations in open habitats of Argentina

(Tubaro & Lijtmaer 2006) only differed with our data in the higher values of the maximum

and minimum frequencies of the complete song. Such differences may be caused by

differences in the habitat’s structure as stated by the AAH. Our recordings were performed

in border habitats with moderately disturbed vegetation.

Results presented here broaden and supplement the available information for

S. auranttirostris in Argentina (Tubaro & Lijtmaer 2006); providing for the first time data

on minimum and maximum frequencies of each note of prelude and trill, number and

duration of syllables, phrases and silence intervals as well as the total length of the

Figure 3. Frequencies of syllables of S. aurantiirostris song in the PGSM (Entre Rı́os Province,
Argentina). Black line: maximum frequency, grey line: minimum frequency.
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vocalization. This information is of relevance for studies intended to assess the effect of

different habitats on bird vocalizations in southern South America.
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