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Abstract
We propose an index of bird detectability that can improve the selection of more suitable species to be used for evaluating 
habitat integrity. Bird surveys were conducted in a conservation unit, the Parque Estadual Mata dos Godoy, southern Brazil. We 
ranked the bird species according to detectability index, which allowed us to establish two groups: species with low detectability 
(SLD) and species with high detectability (SHD).We also tested some features that are frequently associated with bird species of 
high detectability. Sound frequency was the attribute more clearly associated with detectability. We found a negative correlation 
between sound frequency and detectability, especially within certain groups, i.e. Tyrannidae. In our studied system we recognized 
Aratinga auricapillus as the best biological indicator among the studied birds, due its high vulnerability and high detectability.
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Introduction

Detectability is defined as the probability of correctly 
identifying the presence of one individual of a given species 
in a particular area (Thompson 2002). The importance of 
estimating detection probabilities associated with individual 
or species counts has been highlighted in the literature 
(Rosenstock et al. 2002). Methods have been developed 
incorporating detectability, such as distance sampling 
(Buckland et al. 2008), removal surveys (Farnsworth et al. 
2002) and double-observer counts (Nichols et al. 2000).

Factors that may influence detectability are related to 
behavior and/or the ecology of each bird species. Flock 
size and body size are behavioral and physical attributes 
that make them more or less conspicuous to observers 
(Rosenstock et al. 2002). For example, parrots often fly 
in large flocks for long distances between feeding and 
nesting areas are easily detectable (Casagrande & Beissinger 
1997). In contrast, relatively sedentary large birds, such as 
curassows may be more difficult to record (Jiménez et al. 
2003) and, consequently, an inexperienced observer could 
miss that bird. Anderson (2009), when studying birds in 
tropical forests suggested that ground species are more 
detectable than canopy species, which are, therefore 

significantly underestimated in bird counts. Birds of lower 
strata and insectivorous birds are cited by Cunningham et al. 
(1999) as presenting higher levels of detectability.

In surveys in which most detection is by sound, variation 
may include those attributes related to characteristics 
of vocalizations such as, singing frequency (regularity 
of a species sing; Farnsworth et al. 2002) and sound 
frequency (Alldredge et al. 2007). The observer’s ability 
(Cunningham et al. 1999; Farnsworth et al. 2002) may 
also influence bird detection. Given the wide range of 
behaviors and physical attributes among Neotropical birds, 
it is important to evaluate data about which attributes are 
more related to high detectability. Moreover, it is important 
to know how this variable could be incorporated in the 
process of selecting species for defining indicators for a 
better evaluation of habitat integrity.

Bird diversity and abundance patterns have been intensively 
investigated in the fragmented landscape in the Brazilian 
Atlantic forest of the northern state of Paraná (Anjos et al. 
2011). One of those forest fragments is a well-preserved 
conservation unit, the Parque Estadual Mata dos Godoy 
(PEMG). The studies in northern Paraná resulted in patterns 
of sensitivity for several bird species (Anjos 2006) and the 
occurrence of some of those bird species has been used to 
assess the biological integrity of forest fragments using an 
index, called the Index of Biotic Integrity - IBI (Anjos et al. 
2009). The composition of the IBI is based on the presence/
absence data of selected bird species (not their abundances) 
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Procedures for analyses

We classified all birds recorded in the census into two 
categories of detectability: 1) species with high detectability 
(SHD) and 2) species with low detectability (SLD). In order 
to do this we firstly ranked the species according to the 
number of days the species was recorded. The median value 
was used to separate the species into the two groups: the 
SHD group was composed of species that were detected on 
more than 15 days, whereas the SLD group was composed 
of species recorded during less than 15 days. An index of 
detectability was expressed by dividing the number of 
days that the species was recorded by the total number of 
sampled days.

We obtained the information on the birds’ attributes from 
the literature. For the attributes of “social behavior” (species 
living in pair versus living in flock) and “taxonomic group” 
(species of passerines versus non-passerines) we used Sick 
(1997). Stotz et al. (1996) was used to classify the species 
as either a canopy or subcanopy specie. Insectivores or 
those that eat other food items follow the classification 
of Krügel & Anjos (2000), Anjos (2001), and Anjos et al. 
(2007). Dunning (2008) was used to classify the species as 
large-bodied (>80 g) or small-bodied (≤80 g).

We used the DVD-ROM “Aves do Brasil- Vozes e fotografia” 
to evaluate the sound frequency of the recorded birds. 
Sounds were analyzed using the RAVEN Lite 1.0 bioacoustics 
program. The minimum frequency was the parameter 
obtained to classify the species into two groups according 
to sound frequency. We selected 2,000 Hz as the cut-off. 
This value was selected because the attenuation of sound 
waves is more pronounced at frequencies higher than 
2,000 Hz (Schieck 1997). One group of species was thus 
referred to as “low-frequency birds” (<2,000 Hz) and the 
other as “high-frequency birds” (≥2,000 Hz).

Statistical analyses

We used chi-square contingency table analyses, with 
appropriate corrections, to evaluate the significance (p < 0.05) 
of species numbers in categories of detectability versus each 
attribute (BioEstat 5.0). In order to evaluate the attribute 
sound frequency, first we ranked the species according to 
their detectability by plotting the species according to the 
number of days they were detected. Then, we investigated 
the relationship between the resulted rank and the sound 
frequency of the species using the Spearman rank correlation 
(rs), calculated in R 2.12.1. We repeated this analysis several 
times using different bird groups: 1) all species together, 
2) only the non-Passerines, 3) only the Passerines, 4) only 
the Suboscines Passerines, 5) only the Oscines Passerines, 
6) only species of Thamnophilidae, 7) only species of 
Furnariidae, 8) only species of Tyrannidae, and 9) only 
species of Tityridae. Due to potential confounding effects of 
phylogenetic structure in data, the significant tests reported 
here must be interpreted with caution, and interpretations 

in a given area (see Anjos et al. 2009; for more details). The 
presence/absence of a bird species is closely associated 
with its detectability, which is one of the most sources of 
uncertainty in wildlife surveys (Wintle et al. 2004). Thus, it 
is especially important to avoid the problem of false absence 
records (Thompson 2002). Thus, the IBI could be improved 
if the detectability of the key bird species is previously 
determined, one species should be mainly selected to be 
used in the IBI if its detectability is high.

Here, we propose a new index for detectability that can help 
in the selection of species to be used in biological integrity 
analysis. In addition, we tested biological attributes that 
tend to increase bird detectability. We hypothesized that 
detectability is higher in bird species that: 1) live in flocks, 
2) inhabit subcanopy (including ground), 3) feed on insects 
(or arthropods), 4) are smaller in size, 5) are Passerines, and 
6) communicate using sounds of lower frequencies. Our 
analyses support that this index of detectability could improve 
the selection of more suitable species and consequently, 
the improvement of the previous IBI (Anjos et al. 2009) 
by considering the use of detectability.

Material and Methods

Study site

The Parque Estadual Mata dos Godoy (PEMG; 23° 27’ S 
and 51° 15’ W) is a forest fragment of 656 ha, located 15 km 
south of the Londrina city, state of Paraná, southern Brazil. 
It is an important conservation unit, preserving a large area 
of seasonal semideciduous forest with a high biotic integrity 
(Anjos et al. 2009). Bird counts have been conducted in 
PEMG for many years, resulting in about 300 bird species 
recorded (Anjos & Schuchmann 1997). Samples were carried 
out on an established U-shaped transect (3 km). Actually, 
one trail links two transects of 1km each, which are parallel 
and 300 m apart. This U-shaped transect is located in the 
central area of the PEMG, which has a dense canopy and 
a backlighted midstory and understory.

Bird surveys

We surveyed birds on transects, monthly, during the 
breeding season, from September (2009) to April (2010). 
This period was selected because birds are more active, 
increasing detectability. We only recorded the species (and 
not their individual numbers) at any distance of the transect. 
The observer recorded if the species was seen, heard, or 
both. Surveys were conducted over 64 days. Each survey 
began at sunrise, and lasted about four hours. We changed 
the beginning of the survey each time, so that the end of 
transect in one day was the beginning in the next day. We 
did not consider migrants such as the Red-eyed Vireo 
(Vireo olivaceus) or crepuscular species such as Pauraque 
(Nyctidromus albicollis).
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Only seven species were detected in all of 64 days of 
sampling: Baryphthengus ruficapillus, Melanerpes flavifrons, 
Pionus  maximiliani ,  Hypoedaleus  guttatus , 
Sittasomus  griseicapillus, Cyclarhis  gujanensis and 
Basileuterus culicivorus. However, 19 species were recorded 
only once: Aramides saracura, Patagioenas maculosa, 
Claravis pretiosa, Nonnula rubecula, Picummus cirratus, 
Campylorhamphus  trochilirostris, Caracara  plancus, 
Coccyzus  melacoryphus, Cichlocolaptes  leucophrus, 
Xenops rutilans, Synallaxis frontalis, Hemitriccus obsoletus, 
Phyllomyias  burmeisteri, Cnemotriccus  fuscatus, 
Legatus  leucophaius, Pachyramphus  polychopterus, 
Cyanocorax chrysops, Troglodytes aedon and Dacnis cayana.

should focus more on effect size than in significance tests. We 
followed nomenclature of the South American Classification 
Committee of the American Ornithologists’ Union.

Results

We recorded a total of 116 bird species in the present study. 
The median value of the recorded days was 15. Therefore, 
according to our criterion, 57 species were classified as 
SHD and 59 species as SLD (Appendix*). Recordings were 
mainly by sound (89%), followed by birds that were both 
seen and heard (10%) and only 1% of recordings were of 
birds exclusively seen.

We found no significant differences in the proportion of 
species numbers in the two groups of species (SHD and SLD) 
when considering the social behavior, taxonomic group, 
stratification, feeding habit and body size attributes (Table 1). 
However, the proportion of birds differed significantly 
according to the sound frequency attribute. The SHD had 
a significant higher proportion of birds which emit sounds 
of low frequency (χ = 5.125; p = 0.02; Table 1).

We found a significant negative correlation between the 
minimum frequency measured and the total number of 
days that a species was detected for individual bird groups 
such as the Passerines (rs = –0.24; n = 72; p = 0.03.), the 
Suboscines Passerines (rs = –0.39; n = 49; p = 0.005) and the 
Tyrannidae family (rs = –0.79; n = 12; p = 0.002; Table 2).

*See Appendix in the additional supporting information, 
available at www.abeco.org.br

Table 1. Number of species classified in the two categories of detectability (SHD and SLD) and the attributes that were related to these 
categories for bird species in the Parque Estadual Mata dos Godoy, Southern Brazil.

Attributes
Category of detectability 

χ2 p-value 
SHD SLD

Social behavior 
Pair 48 42 2.1 0.14
Flock 9 17

Stratification
Subcanopy 44 41 0.5 0.46
Canopy 13 18

Feeding habit
Insectivorous 30 23 1.6 0.19
Others 27 36

Taxonomic group 
Passerines 36 36 0.002 0.96
Non-Passerines 21 23

Sound frequency
Low (<2,000 Hz) 45 34 5.1 0.02
High (≥2,000 Hz) 12 25

Body size
Small (≤80 g) 38 41 0.01 0.89
Large (>80 g) 19 18

Table 2. Spearman rank correlation (rS) between sound frequency 
(value of minimum frequency measured) and the number of 
days that a bird was detected, for various groups sampled in the 
Parque Estadual Mata dos Godoy, Southern Brazil. N indicates 
the species number considered in each case.

Groups rs N p-value
All birds –0.19 116 0.03
Non-passerines –0.19 44 0.2
Passerines –0.24 72 0.03
Oscines passerines 0.045 23 0.83
Suboscines passerines –0.39 49 0.005
Thamnophilidae 0.26 6 0.61
Furnariidae –0.37 16 0.14
Tyrannidae –0.68 17 0.002
Tityridae 0 5 1
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sound frequencies. However, the largest birds in this study 
(Penelope superciliaris and Micrastur semitorquatus), which 
had sounds with low frequency, presented low detectability.

Some species are known to follow mixed flocks, such as 
Platyrhinchus mystaceus and Tolmomyias sulphurescens 
(Ghizoni-Junior & Azevedo 2006). It could increase 
detectability, because closer species produce more movements 
and, potentially, may draw the attention of an observer. We 
did not evaluate the role of mixed flocks in the detectability, 
but the interference of this behavior should be higher in 
areas closer to the Equator (Jullien & Thiollay 1998). Another 
important factor that could increase detectability is the local 
abundance; a species with higher local abundance could be 
easier to detect than other with lower abundance. Of course 
that an important point that should be also considered is 
the experience of the observer; an observer with limited 
knowledge of the local avifauna could introduce significant 
bias in the indexes by missing the bird contacts.

The patterns of species’ detectability described here have 
limited application in other regions of the Brazilian Atlantic 
forest due to differences in the forest composition, occurrence 
of birds with different local reproductive dynamics and/or 
variations in local abundances. Nevertheless, we highlighted 
in this study the importance of determining the index of 
detectability of birds before the application of biological 
indexes, such as IBI. Such procedures are important to 
the rapidly access to the biological integrity of different 
areas, a key point to establish conservation priorities in a 
fragmented forest landscape.
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