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ABSTRACT. The Pernambuco Endemism Center (PEC) is the most fragmented and degraded tract of the Atlantic Forest, considered
to be a hotspot within a hotspot. Recent bird extinctions and the high number of endangered taxa have called the attention of
conservation practitioners all over the world to this area. Among the most vulnerable groups of birds are the insectivorous passerines
of the forest understory, yet empirical information on demography and habitat requirements are unavailable for these taxa. Here, we
provide population density estimates and microhabitat selection information for two endangered insectivorous passerines endemic to
the PEC, the Pernambuco Fire-eye, Pyriglena pernambucensis, and the Black-cheeked Gnateater, Conopophaga melanops nigrifrons.
Distance-sampling estimates resulted in population densities of 0.15 and 0.35 individuals/ha, respectively, in an Atlantic Forest fragment
of approximately 1000 ha. Extrapolations of population densities to 39 fragments where the occurrence of these taxa was confirmed
resulted in population estimates of 4936 individuals for the Pernambuco Fire-eye and 12,679 individuals for the Black-cheeked Gnateater,
but these may be underestimates because other fragments where they could potentially occur were never surveyed. Although
extrapolating data from only one fragment to other areas is problematic, these are the first rough minimum population size estimates
for birds from the PEC. Microhabitat preference analyses revealed that both species selected sites with denser forest understory
vegetation, which is associated with areas in regeneration. This is evidence that these taxa can tolerate certain levels of habitat disturbance
and that their limited distributions and habitat loss may be more important causes of threat than habitat requirements. In the face of
ongoing PEC fragmentation, our data will serve to parameterize other studies and may contribute to practical conservation policies.

Estimations de densité de la population et paramètres clés de micro-habitat pour deux passereaux
insectivores de sous-bois des forêts tropicales menacés habitant le centre d’endémisme du
Pernambuco
RÉSUMÉ. Le centre d’endémisme du Pernambuco (PEC) est la zone la plus fragmentée et la plus dégradée de la forêt atlantique,
considérée comme un point chaud dans un point chaud. Les récentes extinctions d’oiseaux et le nombre élevé d’espèces menacées ont
attiré l’attention des spécialistes de la conservation du monde entier vers cette région. Parmi les groupes d'oiseaux les plus menacés, on
trouve les passereaux insectivores des sous-bois, mais nous ne disposons pas d'informations empiriques sur la démographie et les
exigences en termes d’habitat pour ces espèces. Nous fournissons ici des estimations de densité de population et des informations sur
la sélection de micro-habitats concernant deux passereaux insectivores menacés endémiques du PEC, l’alapi à dos blanc, Pyriglena
pernambucensis et le conophage à joues noires, Conopophaga melanops nigrifrons. Les estimations d’échantillonnage de distance ont
produit des densités de population de 0,15 et 0,35 individus/ha, respectivement, sur un fragment de forêt atlantique d’environ 1 000 ha.
Les extrapolations de densités de population sur 39 fragments où l’occurrence de ces espèces a été confirmée ont donné des estimations
de population de 4 936 individus pour l’alapi à dos blanc et 12 679 individus pour le conophage à joues noires, mais ces chiffres pourraient
être sous-estimés car d’autres zones dans lesquelles ils pourraient éventuellement se trouver n’ont jamais été étudiées. Même si
l’extrapolation de données à partir d'un seul fragment à d’autres régions est problématique, il s’agit là des premières estimations brutes
de taille minimale des populations d'oiseaux habitant le PEC. Les analyses de préférences concernant le micro-habitat ont révélé que
les deux espèces sélectionnaient des sites où la végétation des sous-bois est la plus dense, ce qui est associé à des zones en cours de
régénération. Cela prouve que ces espèces peuvent tolérer un certain degré de perturbation de leur habitat et que leur répartition limitée
et la perte de l’habitat pourraient constituer des menaces plus importantes que les exigences en termes d'habitat. Face à la fragmentation
constante que l'on constate dans le PEC, nos données permettront de paramétrer d’autres études et pourraient contribuer à l’élaboration
de politiques de conservation pratiques.
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INTRODUCTION
The Brazilian Atlantic Forest is one of the main biodiversity
hotspots on earth (Myers et al. 2000). After more than 500 years
of exploitation, only about 11.4 to 16% of the original area is left,
and about 97% of the remnants are smaller than 250 ha and are
exposed to intense anthropogenic pressures (Ribeiro et al. 2009).
In this megadiverse biome, the Pernambuco Endemism Center
(hereafter PEC) is of special concern, considered to be a hotspot
within a hotspot (Tabarelli et al. 2006, Mendes Pontes et al. 2016).
The PEC is the portion of the Atlantic Forest isolated in the south
by the São Francisco River and in the north and west by the
Caatinga biome. This particular forest is distributed mainly along
the Atlantic coast in the states of Paraíba, Pernambuco, and
Alagoas in northeastern Brazil. Today, the PEC is the most
degraded of all Atlantic Forest regions, with only about 2% of
the original 56,000 km² of forests remaining (Pereira et al. 2016,
Garbino et al. 2018), and especially during the 1970s and 1980s
the forest remnants suffered from intense logging to supply the
local sugarcane and ethanol industries with timber. Three bird
species from the PEC were recently recognized as globally extinct
(the Pernambuco Pygmy-Owl, Glaucidium mooreorum, the
Cryptic Treehunter, Cichlocolaptes mazarbarnetti, and the
Alagoas Foliage-gleaner, Philydor novaesi; Pereira et al. 2014,
ICMBio 2018); some were likely extinct before being described
by science (Silveira et al. 2003, Lees and Pimm 2015), and many
others are on the verge of extinction (Pereira et al. 2014, 2016,
ICMBio 2018, Francisco et al. 2020). Furthermore, new endemic
species are still being described and immediately listed as
threatened (Dickens et al. 2021).
In this scenario of intense degradation, studies on bird population
demography are important because they can be the first step in
estimating local and global population sizes, which in turn can
parameterize population viability analyses, and are elementary
for assessing the actual conservation status of the taxa (Sinclair
et al. 2006, Cornils et al. 2015, Tonetti and Pizo 2016, Machado
et al. 2020). Furthermore, studies on microhabitat selection can
contribute to the understanding of local extinctions and can
indicate habitat characteristics that must be preserved or restored
for the conservation of target species (Sinclair et al. 2006, Vié et
al. 2009, Cornils et al. 2015, Tonetti and Pizo 2016).
In the Neotropics, the guild of understory insectivores is of
interest to conservation practitioners (Stratford and Stouffer
2013, Powell et al. 2015). These birds are often unwilling to engage
in long flights and are reluctant to cross open areas, favoring the
isolation of small populations in fragments of habitats and the
consequent exposure to inbreeding and to the demographic
impacts of isolation (Moore et al. 2008, Oliveira, Jr., et al. 2011,
de Camargo et al. 2015, Powell et al. 2015). Although they are
not game birds and are not targets of illegal trapping, two of the
three bird species from the PEC that were recently uplisted as
globally extinct, the Cryptic Treehunter and the Alagoas Foliagegleaner, were forest insectivore passerines, and of the 14 other
endangered taxa, six are forest understory insectivores (Pereira et
al. 2014, ICMBio 2018). Some of these taxa, however, still occur
in forest fragments in which logging activities may have caused
potential microhabitat changes (Pereira et al. 2014, 2016), making
the understanding of demographic aspects and habitat
requirements of the endangered bird taxa from the PEC of broad
theoretical and practical interest.

Here we provide distance sampling–based population density
estimates and microhabitat selection information for two
endangered forest understory insectivorous suboscine passerines
from the PEC, the Pernambuco Fire-eye, Pyriglena
pernambucensis, and the Black-cheeked Gnateater, Conopophaga
melanops nigrifrons, from an Atlantic Forest remnant from
Alagoas state, northeastern Brazil. Further, we extrapolated
population density values to areas with reliable records of these
species to obtain minimum global population size estimates.
Although extrapolating data from only one fragment to other
areas can provide only rough estimates, to our knowledge this is
the first empirical study to address demographic aspects and
microhabitat requirements of endangered bird species from this
important global hotspot.

METHODS
Study area
Field work was carried out at the Private Natural Heritage Reserve
(PNHR) Mata do Cedro (9°31’23.82” S, 35°55’6.53” W), a 978ha Atlantic Forest conservation unit surrounded by sugar cane
plantations, located in the municipality of Rio Largo, state of
Alagoas, northeastern Brazil (Fig. 1). Vegetation is characterized
as open ombrophilous forest (Roda and Santos 2005), and like
most of the PEC fragments it has been through selective logging
during the 1970s and 1980s, but today the area is represented
mainly by forest tracts in middle to late regeneration stages, with
emergent trees already noticeable (Roda and Santos 2005, Pereira
et al. 2014, 2016). According to the Köppen climate classification
system, the climate is tropical with a well-defined dry season (AS’).
Rains are concentrated from February through September, and
the dry season occurs from October through January. Average
annual precipitation varies from 1600 to 1700 mm, and average
minimum and maximum temperatures vary from 21–22 °C and
30–31 °C, respectively (Roda and Santos 2005, Barros et al. 2012).

Selected bird species
Previously classified as a subspecies of P. leuconota, the
Pernambuco Fire-eye (Thamnophilidae), is recognized as a full
species (Pacheco et al. 2021), endemic to the PEC and occurring
in the states of Alagoas, Pernambuco, and Paraíba. It is forest
dependent, inhabiting the low forest strata, including borders and
areas in early regeneration stages, but it is assumed to be reluctant
to disperse between fragments (ICMBio 2018). It forages on
arthropods, often in the leaf litter, and it is among the facultative
ant-follower birds (Zimmer and Isler 2020, Martínez et al. 2021).
The Black-cheeked Gnateater, C. m. nigrifrons (Conopophagidae),
is a subspecies of the widely distributed C. melanops, and it is
restricted to the PEC, in the states of Alagoas, Pernambuco, and
Paraíba (Whitney and de Juana 2020). It is sedentary and
dependent on well-preserved forests, although it can be seen near
borders and regenerating areas (ICMBio 2018). Like the
Pernambuco Fire-eye, the Black-cheeked Gnateater also forages
on the forest floor and it can follow army ants to capture
arthropods (ICMBio 2018, Whitney and de Juana 2020). Both
the Pernambuco Fire-eye and the Black-cheeked Gnateater are
listed as Vulnerable (VU) in the Brazilian Red List of Endangered
Fauna (ICMBio 2018).
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Fig. 1. Study area, Private Natural Heritage Reserve (PNHR) Mata do Cedro, within the Pernambuco Endemism
Center (PEC) in the state of Alagoas, northeastern Brazil. The seven line transects used for distance sampling censuses
are indicated by the gray lines, numbered from the shortest to the longest. The stars show the points associated with the
presence of the Pernambuco Fire-eye, Pyriglena pernambucensis (white stars) and of the the Black-cheeked Gnateater,
Conopophaga melanops nigrifrons (black stars), and the blue stars indicate the random points used in microhabitat
selection analyses.

Population density and census estimates
Population densities of the Pernambuco Fire-eye and of the
Black-cheeked Gnateater were estimated using a line-transects
distance sampling approach. In this method, the perpendicular
distances between detected individuals and the transect line are
estimated, and the set of measures obtained along a transect is
used for the delimitation of the sampling area and for estimating
the number of individuals within it, following the key assumption
that animal detectability decreases with increasing distance from
the transect line (Buckland et al. 1993, 2001). Seven line-transects
with lengths varying from 0.5 to 2.17 km were distributed in the
interior of the forest fragment, totaling 6.36 km (Fig. 1).
Data were collected from October 2019 to January 2020 to
increase detectability. These months correspond to the dry season

in the region, in which the days are longer and the birds vocalize
more intensely. Each transect was walked 10 times (at intervals of
at least 10 days) at an average speed of 1.5–2 km/h, always during
the first hours after sunrise (4:30–9:00 am). While walking
transects, we detected the birds either visually or audibly and
measured the perpendicular distance between the initial detection
point of each individual and the transect line with a laser
measuring tool (Stanley tlm100) to improve data accuracy. Data
of all individuals, independently of sex and age, were collected
without truncation distance by a single observer (LCP) trained in
Pernambuco Fire-eye and Black-cheeked Gnateater identification,
and both sides of each transect were considered.
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Minimum global population size estimates
We performed a literature review of bird surveys carried out in
the PEC fragments and we multiplied our population density
estimates by the size of the areas with records of the Pernambuco
Fire-eye and of the Black-cheeked Gnateater to obtain the first
rough global minimum population size estimates for these taxa.
We considered them to be minimum estimates because surveys
were not conducted in many other fragments in which these taxa
could occur. The literature review was performed by searches in
Google Scholar and Web of Science index databases, using the
following key words: birds, survey, communities, diversity,
Atlantic Forest, and Pernambuco Endemism Center. Only articles
published in scientific journals, technical governmental reports,
theses, and dissertations were considered.

Microhabitat selection
To address microhabitat selection in the two studied taxa, we
compared a set of environmental parameters between sites in
which birds were observed and sites chosen at random in the study
area. Specifically, we aimed to address microhabitat selection
during the period of potential resource scarcity (the dry season).
This is because the availability of certain microhabitats may be
more important for birds’ survival during this period than during
the rainy season, in which arthropods may be more abundant
(Devries and Walla 2001, Coutinho-Silva et al. 2017). Therefore,
microhabitat data collection also occurred from October 2020 to
January 2021, which corresponds to the dry season in the region.
The borders of PNHR Mata do Cedro were delimited using
Google base maps in QGIS v. 3.8.1 (QGIS 2020), and random
sites were generated throughout the whole forest fragment using
“spsample” function from the R-package sp (Pebesma and Bivand
2005). These random points were accessed by following the
shortest routes created by a GPS (Garmin eTrex® 20x), departing
from the forest border or from one of the trails. Sites used by birds
were located when observers were seeking the random points, to
ensure that they were also searched at random across the whole
area. Random points and locations where individuals were first
observed were adopted as the centroids of 5 m radius plots. Flying
individuals were not considered, meaning that most birds were
foraging or defending territories, and when birds were in pairs or
small groups only the location of the first observed individual
was considered.
At “use” and “random” plots we measured the following biotic
microhabitat parameters: canopy openness, ground leaf litter
depth, number of trees or saplings with diameter at breast height
(DBH) < 10 cm, number of trees with DBH > 10 cm, presence/
absence of lianas, presence/absence of fallen trees or branches,
vegetation density 0.5 m above ground, vegetation density 1.5 m
above ground, canopy height, and canopy biomass. Further, for
abiotic parameters we estimated elevation and declivity. The use
of these variables is justifiable because (1) canopy openness is an
index of light penetration and many tropical forest birds can be
dependent on low-light conditions and are more likely to
disappear when forest fragmentation and degradation cause
increased light intensity (Patten and Smith-Patten 2012, Pollock
et al. 2015); (2) leaf litter depth is positively associated to the
presence of certain insectivorous birds that forage on the ground

in the Amazon forest (Cintra and Cancelli 2008), but it is
negatively correlated to the presence of other taxa in regenerating
areas (Stratford and Stouffer 2013); (3) increased densities of
small trees and non-wood vegetation, typical of regenerating
areas, reduce the occurrence of certain Amazonian ground
insectivorous birds, likely because the density compromises their
movements (Stratford and Stouffer 2013), whereas other species
benefit from forest gaps where vegetation density is higher and
increased light incidence favors primary productivity and the
abundance of leaf-consumer insects (Banks-Leite and Cintra
2008). It is worth noting that the Pernambuco Fire-eye and the
Black-cheeked Gnateater forage primarily on the ground, but they
also capture insects in forest understory foliage (ICMBio 2018,
Whitney and de Juana 2020) in such a way that vegetation density
also could affect their movements or foraging efficiency; (4)
canopy height, canopy biomass, and the presence of fallen trees
or branches are indexes of forest succession stage (Berveglieri et
al. 2021) and can be additional indications of whether the studied
taxa avoid or select regenerating areas; and (5) elevation and
declivity can be associated with soil parameters, affecting foraging
conditions and the abundance of food for species foraging on the
ground, with elevation being demonstrated to affect the
occurrence of at least one Amazon forest insectivorous bird
(Cintra and Cancelli 2008).
Canopy cover was estimated by only one of the researchers (LCP)
at the center of the plots using a spherical densiometer (Convex
Model-A, Forest Suppliers, Inc., Jackson, MS, USA). The
equipment was positioned in the four cardinal directions and the
number of illuminated grids was averaged to estimate canopy
openness following the manufacturer instructions (Lemmon
1957). Canopy height was estimated by a trained observer (LCP)
with the laser measuring tool (Stanley tlm 100 - 30 mt) to improve
measurement accuracy. The leaf litter depth was estimated in
centimeters (measured with a ruler) in eight different points: in
the four cardinal directions at the center of the plots and at the
four cardinal directions 1 m from the center of the plots (see also
Alves et al. 2017). Values were averaged to obtain the estimation
of leaf litter depth in the plot. The number of trees or saplings
with DBH > 10 cm and the number with DBH < 10 cm at 5 m
radius were estimated by direct counting, and lianas and fallen
branches/trees were considered as dummy variables (presence/
absence). Vegetation density at 0.5 m and 1.5 m above ground
were measured with a 5 m metal rod subdivided into 50 intervals
of 10 cm. Then, vegetation density was estimated as the total
number of intervals touched by vegetation in the four cardinal
directions. Forest canopy biomass at “use” and “random” plots
was assessed using remote sensing through an NDVI (Normalized
Difference Vegetation Index) layer derived from a Sentinel-2
Level-1C (L1C) MS satellite scene, with 10 m spatial resolution
(dated from 19 March 2019). The NDVI estimate for each “use”
or “random” point was the value of the 10 x 10 m pixel in which
the point fell. NDVI provides an index of forest biomass and is
widely used to describe habitat productivity and biomass
availability (Riedel et al. 2005, Hansen et al. 2009). The NDVI
layer was generated using the band equation from Lange et al.
(2017):

− red
( NIR
NIR + red )

(1)
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Table 1. Model selection results based on distance sampling data used to estimate population densities (D) for two endangered species
from the Pernambuco Endemism Center (PEC): the Pernambuco Fire-eye (Pyriglena pernambucensis), and the Black-cheeked Gnateater
(Conopophaga melanops nigrifrons). The best-fitted models were selected using AIC Criteria, and the relative importance of each model
was evaluated by ∆AIC. For each model, estimates of lower (LCL) and upper 95% confidence limits (UCL), coefficient of variation
(CV), and probability of the Kolmogorov-Smirnov goodness-of-fit test (P) are presented. These estimates were obtained by pooling
together 10 transect replicates, without correction.
AIC

∆AIC

D

LCL

UCL

CV

P

Pernambuco Fire-eye
Uniform Cosine
Half-Normal Cosine
Hazard-Rate Cosine
Neg. Exponential Cosine

681.98
682.06
683.48
682.20

0.00
0.08
1.50
0.22

1.55
1.51
1.67
1.86

1.30
1.25
1.10
1.36

1.86
1.83
2.54
2.54

0.09
0.10
0.21
0.16

0.84
0.72
0.70
0.70

Black-cheeked Gnateater
Uniform Cosine
Half-Normal Cosine
Hazard-Rate Cosine
Neg. Exponential Cosine

1352.94
1351.66
1351.98
1354.68

1.28
0.00
0.32
3.02

3.68
3.73
3.47
3.72

3.23
3.32
3.00
2.90

4.19
4.18
4.02
4.77

0.07
0.06
0.07
0.13

0.11
0.09
0.21
0.14

The values were estimated and extracted for each point using the
“extract” function of the R-package raster (Hijmans et al. 2021)
in R (R Core Team 2020). Elevation and declivity layers were
obtained from the Brazilian TOPODATA project (Instituto
Nacional de Pesquisas Espaciais - INPE; http://www.webmapit.
com.br/inpe/topodata/), and were also extracted for each point
using the “extract” function from raster.

function. All of the non-categorical explanatory variables were
standardized using z-score and tested for correlations (Pearson’s
r ≥ 0.6). Model parameter estimates, their standard errors (SE),
and values of z-tests used to verify the levels of significance of
each variable within the models were presented. These statistical
procedures were conducted using the software R (R Core Team
2020).

Statistical analyses

RESULTS

Population density estimates were obtained by the model selection
procedure implemented in the software Distance 7.0 (Thomas et
al. 2010). In this approach, a set of pre-defined key detection
functions (uniform, hazard-rate, half-normal, and negative
exponential key functions) is used to model how the probability
of detection decreases with increasing perpendicular distances,
which is then used to obtain corrected population density
estimates (Buckland et al. 1993, 2001, Thomas et al. 2010). Each
detection function was run with cosine, hermite polynomial, and
simple polynomial adjustments, resulting in 12 different models.
The efficiency of each model to fit the data was assessed by (1)
Akaike’s Information Criteria (AIC), (2) the goodness-of-fit test
of Kolmogorov-Smirnov, and (3) visual inspection of quantilequantile plots (Q-q plots). Because of the small sample sizes
expected for endangered species restricted to small areas, the
different transects were considered as a unique longer transect for
the statistical analyses, and all the records obtained in transect
replicates were pooled together, which permitted a more accurate
modeling (see also Bernardo et al. 2011). The final population
density estimate was then divided by 10 (the number of replicates)
to report the actual number of individuals per hectare. The
coefficients of variation (CV) and lower and upper 95%
confidence intervals associated with population density estimates
were obtained by the analytical approach, using default
parameters settings.
To test microhabitat preferences, “use” and “random” plots were
compared by using generalized linear models (GLM) with
binomial distribution (use = 1 and random = 0) and logit-link

Population density estimates
For both taxa, the best-fitted models had cosine adjustments, and
because hermite polynomial and simple polynomial adjustments
resulted in only slight variations in the estimates derived from
each key function, in Table 1 we report only the results associated
with the cosine adjustments. For the Pernambuco Fire-eye we
recorded 83 perpendicular distances, varying from 0.5 to 65 m
(25.20 ± 17.49 m). The detection function uniform cosine
presented the lower ∆AIC, a low CV, and the less significant
goodness-of-fit test (Table 1). Further, the graphic of the detection
probability versus perpendicular distances (Fig. A1.1) provided
visual evidence for a good model fit and the Q-q plot showed no
remarkable deviations (Fig. A1.2). Using this selected model, the
corrected population density (divided by 10) in the study area was
0.15 individuals/ha, and the estimated population size for the
study area was 147 individuals.
For the Black-cheeked Gnateater we recorded 167 perpendicular
distances varying from 0.5 to 80 m (22.84 ± 15.61 m). For this
taxon, the half-normal detection function presented ∆AIC = 0,
but the goodness-of-fit test was marginally significant for this
model. Then, we opted for choosing hazard-rate cosine to estimate
population density, because it had only a slightly larger ∆AIC
value (0.32) and it presented the less significant goodness-of-fit
probability (Table 1). Despite the lower concentration of
detections in the first band (Fig. A1.3), we did not detect
noticeable deviances in the Q-q plot (Fig. A1.4), upper and lower
95% confidence limits were narrow, and the CV was low (Table
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Table 2. Values or frequencies of 12 environmental parameters used to investigate microhabitat selection by the
Pernambuco Fire-eye, Pyriglena pernambucensis, and by the Black-cheeked Gnateater, Conopophaga melanops nigrifrons.
The addressed parameters were canopy opening (CO), canopy height (CH), presence/absence of lianas (Lianas), presence/
absence of fallen trees or branches (FT), number of trees with diameter at breast height > 10 cm (DBH > 10 cm), and ≤
10 cm (DBH ≤ 10 cm), vegetation density at 1.5 m above ground (VD 1.5 m), vegetation density 50 cm above ground (VD
50 cm), leaf litter depth (LL), elevation, declivity, and canopy biomass (NDVI).

CO
CH
Lianas
FT
DBH > 10 cm
DBH ≤ 10 cm
VD 1.5 m
VD 50 cm
LL
Elevation
Declivity
NDVI

Pernambuco Fire-eye

Black-cheeked Gnateater

Random points

15.45 ± 7.08
(3.90–30.69)
17.43 ± 6.18
(3.00–30.00)
4 Yes
24 No
21 Yes
7 No
8.09 ± 3.79
(1–21)
36.30 ± 17.29
(15–117)
3.12 ± 1.14
(0.75–6.50)
1.29 ± 0.63
(0.25–3.00)
3.28 ±1.28
(1.19–7.69)
134.10 ± 24.18
(41.67–159.91)
11.71 ± 9.83
(1.40–34.17)
0.76 ± 0.06
(0.50–0.80)

11.41 ± 5.01
(4.16–25.22)
15.85 ± 5.74
(5.00–35.00)
11 Yes
23 No
17 Yes
17 No
6.96 ± 2.38
(3–12)
27.90 ± 13.76
(7–61)
4.45 ± 2.16
(1.50–11.00)
1.52 ± 0.92
(0.00–4.00)
3.84 ± 1.18
(2.06–5.87)
140.50 ± 15.79
(92.05–157.77)
14.48 ± 11.24
(1.54–34.80)
0.78 ± 0.02
(0.73–0.81)

13.71 ± 8.50
(3.90–44.46)
17.28 ± 5.53
(2.00–27.00)
4 Yes
50 No
29 Yes
25 No
7.47 ± 3.08
(3–16)
30.0 ± 14.76
(10–68)
4.27 ± 2.80
(1.25–18.50)
1.38 ± 0.84
(0.25–4.00)
3.78 ± 1.28
(2.00–6.12)
134.34 ± 22.0
(85.30–159.20)
14.24 ±11.47
(1.22–40.40)
0.78 ± 0.03
(0.63–0.83)

1). By using the selected model, the corrected population density
was 0.35 individuals/ha, with an estimated population size of 342
individuals for the study area.

Minimum global population size estimates
In our literature review, each taxon was recorded in 39 areas.
Despite the equal numbers of areas with records of these taxa,
the fragments in which each taxon occurred were not necessarily
the same. For both species, the size of fragments varied from 25
to 10,074 ha. For the Pernambuco Fire-eye the areas totaled
32,904 ha, and for the Black-cheeked Gnateater they totaled
36,226 ha. The extrapolation of our population density estimates
to these areas resulted in population sizes of 4936 individuals for
the Pernambuco Fire-eye and 12,679 individuals for the Blackcheeked Gnateater.

Microhabitat selection
In total, we collected microhabitat parameters from 28 “use” plots
for the Pernambuco Fire-eye, 34 plots for the Black-cheeked
Gnateater, and from 54 random plots (Fig. 1). Because our plots
covered a wide range of the area, multiple sampling of the same
individual was unlikely to occur. Values or frequencies of the
parameters are shown in Table 2. For both species, the z-score
transformed numerical variables elevation and declivity were
correlated (Tables A2.1 and A2.2). GLM analyses were then
partitioned to address these parameters in separate models (see

Table 3). For the Pernambuco Fire-eye, in the model including
elevation, vegetation density 1.5 m above ground was positively
correlated to the presence of the species, and in the model
containing declivity, vegetation densities at both 1.5 m and 50 cm
above ground presented significant positive correlations (Table
3). For the Black-cheeked Gnateater, in both model partitions the
presence of lianas and vegetation density 1.5 m above ground was
positively correlated to the probability of occurrence (Table 3).

DISCUSSION
Population densities and minimum global
population size estimates
Population density can be among the main parameters affecting
the level of threat to a taxon, especially when it is associated with
limited geographic distribution (Goerck 1997, Monroy-Ojeda et
al. 2018, Birskis-Barros et al. 2019). However, population density
estimates based on distance sampling methods are scarce for both
endangered and non-endangered Neotropical forest passerines.
For the near-threatened Southern Bristle-Tyrant, Phylloscartes
eximius (Tyrannidae), from the Atlantic Forest of southeastern
Brazil, distance-sampling estimated population density was 0.13
individuals/ha, a value that was considered very low when
compared to unpublished data on another congener (Tonetti and
Pizo 2016). For the endangered Black-cheeked Ant-Tanager,
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Table 3. Results of GLM modeling with binomial distribution used to infer abut microhabitat parameters selected by the
Pernambuco Fire-eye, Pyriglena pernambucensis, and by the Black-cheeked Gnateater, Conopophaga melanops nigrifrons.
Model parameters were canopy opening (CO), canopy height (CH), presence/absence of lianas (Lianas), presence/absence
of fallen trees or branches (FT), number of trees with diameter at breast height > 10 cm (DBH > 10 cm) and ≤ 10 cm
(DBH ≤ 10 cm), vegetation density at 1.5 m above ground (VD 1.5 m), vegetation density 50 cm above ground (VD 50
cm), amount of leaf litter (LL), elevation, declivity, and canopy biomass (NDVI). For both species the parameters elevation
and declivity were correlated, the analyses were partitioned into two blocks to consider these two variables in independent
models (Partition 1 and Partition 2). The estimated parameter value (Estimate), standard error (SE), the value of the ztest used to test whether the parameter has differed significantly from zero, and its level of significance (P) are presented
for each model parameter. Bold indicates the P values of the parameters that were statistically significant (P < 0.05).
Estimate

SE

z-value

P

Pernambuco Fire-eye
Partition 1
(Intercept)
CO
CH
Lianas
FT
DBH > 10 cm
DBH ≤ 10 cm
VD 1.5 m
VD 50 cm
LL
Elevation
NDVI

-1.26
0.15
-0.07
1.72
0.15
-0.05
-0.95
1.20
0.62
0.47
0.94
-0.58

0.58
0.42
0.33
0.97
0.74
0.37
0.49
0.42
0.34
0.31
0.50
0.48

-2.17
0.36
-0.21
1.76
0.21
-0.13
-1.93
2.87
1.81
1.54
1.89
-1.22

0.030
0.716
0.830
0.077.
0.836
0.900
0.054
0.004
0.070
0.124
0.059
0.223

Partition 2
(Intercept)
CO
CH
Lianas
FT
DBH > 10 cm
DBH ≤ 10 cm
VD 1.5 m
VD 50 cm
LL
Declivity
NDVI

-1.27
-0.03
-0.09
1.66
0.30
-0.15
-0.96
1.14
0.72
0.53
-0.66
-0.60

0.58
0.38
0.33
1.02
0.73
0.38
0.49
0.40
0.35
0.31
0.39
0.47

-2.17
-0.09
-0.28
1.63
0.42
-0.38
-1.95
2.82
2.06
1.69
-1.69
-1.27

0.030
0.930
0.778
0.104
0.676
0.701
0.050.
0.005
0.039
0.090
0.090
0.203

Black-cheeked Gnateater
Partition 1
(Intercept)
CO
CH
Lianas
FT
DBH > 10 cm
DBH ≤ 10 cm
VD 1.5 m
VD 50 cm
LL
Elevation
NDVI

-0.89
-0.29
0.36
1.74
0.13
0.08
-0.52
1.06
0.20
0.26
0.20
0.20

0.45
0.32
0.33
0.78
0.58
0.30
0.32
0.50
0.28
0.27
0.29
0.30

-1.96
-0.92
1.08
2.23
0.23
0.28
-1.65
2.13
0.71
0.98
0.68
0.65

0.050
0.358
0.281
0.026
0.818
0.780
0.099
0.033
0.478
0.326
0.498
0.516
(con'd)
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Partition 2
(Intercept)
CO
CH
Lianas
FT
DBH > 10 cm
DBH ≤ 10 cm
VD 1.5 m
VD 50 cm
LL
Declivity
NDVI

-0.87
-0.27
0.37
1.72
0.11
0.09
-0.54
1.02
0.21
0.28
-0.15
0.19

0.45
0.32
0.34
0.78
0.57
0.30
0.31
0.49
0.28
0.27
0.28
0.30

Habia atrimaxillaris (Cardinalidae), from tropical forests of
Costa Rica, population densities varied from 0.24 to 0.27
individuals/ha (Cornils et al. 2015). The population density of the
Pernambuco Fire-eye (0.15 individuals/ha) was relatively low, and
the value obtained for the Black-cheeked Gnateater (0.35
individuals/ha) relatively high, when compared to those other
endangered tropical forest passerines. Despite the limited amount
of data available for comparisons, the population density of the
Black-cheeked Gnateater being more than twice that found for
the Pernambuco Fire-eye reveals that bird species from the PEC,
included in the Brazilian Red List solely on the basis of habitat
availability information (ICMBio 2018), can have highly
divergent population densities and likely different risks of
extinction, even when classified in the same threat category.
For the Black-cheeked Gnateater, the graphic of detection
probability versus perpendicular distances presents a remarkably
lower concentration of detections in the first detection band and
an increased detection probability in the second band. It reveals
higher impacts of the observer or trails on this species than on
the Pernambuco Fire-eye. This type of residual is not rare in
transect-based distance sampling approaches (see also Cornils et
al. 2015), but it is often absent in point count-based techniques
because the latter permit the observer to cause less disturbance
during data collection (see Tonetti and Pizo 2016). In the present
case, however, the use of line transects was justifiable because in
preliminary samplings (data not shown), point-counts distancesampling resulted in too few records to reach the minimum
number of 50 detections needed to obtain good model fit
(Buckland et al. 1993, 2001, Thomas et al. 2010). It is worth
noting, however, that the other parameters used to assess model
fit suggested that this problem has not caused a relevant impact
in the final population density estimate.
Extrapolating data from only one fragment to other areas of
occurrence of the taxa was problematic for two main reasons.
First, many other PEC fragments in which the Black-cheeked
Gnateater and the Pernambuco Fire-eye could occur were never
surveyed and their areas were not included in our global
population size extrapolations, meaning that we may have
generated only minimum population size estimates. Second,
population densities can certainly vary among the fragments in
which these taxa were recorded because of microhabitat
specificities (see below), which may have been another important
source of biases. Therefore, the global population sizes we
generated are only rough approximations based on primary field

-1.93
-0.86
1.10
2.20
0.19
0.30
-1.71
2.10
0.75
1.03
-0.54
0.63

0.053
0.391
0.271
0.027
0.847
0.766
0.087
0.035
0.452
0.303
0.590
0.530

data, but at the moment these are the only demographic
information available for these taxa. Based on these data, none
of the two taxa we addressed were eligible to be uplisted to
endangered category (EN) according to the IUCN criterion C.
According to this criterion, EN taxa must present a global
population smaller than 2500 mature individuals, which is well
below our estimates. We also applied our data to the C2a(i)
criterion, which refers to the numbers of individuals present
within subpopulations, a criterion that is highly applicable to taxa
inhabiting fragmented habitats like the PEC. According to this
criterion, VU taxa are distributed in populations presenting 250
to 1000 individuals, whereas endangered taxa should have no
populations with more than 250 individuals. Based on our
population density estimate, an area of approximately 1600 ha
would be needed to retain a population of 250 individuals of the
Pernambuco Fire-eye, the species with the lowest population
density. In our literature review we found at least three areas above
this size with reliable records of this species, including one area
of about 10,000 ha, suggesting that the EN category is also not
applicable on the basis of this criterion.

Microhabitat selection
The presence of these two insectivore forest understory birds is
associated with increased forest understory vegetation density,
rather than with characteristics of forest canopy, leaf litter,
declivity, elevation, or local biomass concentration. In tropical
forests, areas with denser understory vegetation can be associated
with higher abundance of herbivorous insects (Richards and
Windsor 2007, Banks-Leite and Cintra 2008). Because the
Pernambuco Fire-eye and the Black-cheeked Gnateater forage
both on the ground and in forest understory foliage, the positive
relationships between the presence of these taxa and forest
understory density may be explained by increased food
availability (see also Richards and Windsor 2007, Banks-Leite
and Cintra 2008). It is worth noting that our study was conducted
during the dry season, when the abundance of insects is often
reduced (Devries and Walla 2001, Coutinho-Silva et al. 2017),
suggesting that the selected microhabitats may be important to
increase foraging efficiency during this period of potential food
scarcity.
Our data did not permit us to infer whether these birds were
selecting recently formed gaps to forage because we have not
addressed the effects of gaps directly, and because canopy
openness did not diverge between “use” and “random” points,
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likely because of reduced sample sizes. However, the associations
of these birds to increased forest understory density suggests that
they have selected sites where the vegetation was at some stage of
regeneration. These findings were consistent with the scattered
observations that the Black-cheeked Gnateater and the
Pernambuco Fire-eye can occur near forest gaps or borders
(ICMBio 2018, Whitney and de Juana 2020). Although they are
forest dependent, they may tolerate or even benefit from certain
levels of forest disturbance, but the latter is still to be confirmed.
Microhabitat preference divergences were observed between the
two addressed taxa. The selection of sites with increased
vegetation density at 1.5 m above ground and with lianas by the
Black-cheeked Gnateater suggested that this bird selected sites in
more advanced levels of vegetation regeneration than the
Pernambuco Fire-eye did. The latter occurred in locations with
denser understory vegetation even near the ground, where the
presence of herbaceous plants indicated a shorter time had
elapsed since the occurrence of natural or anthropogenic forest
disturbances. These data also contributed to show how
Neotropical forest insectivores can respond differently to
microhabitat parameters. In the Amazon forest, for instance,
increased forest understory density was among the variables
accounting for the absence of nine ground insectivorous birds in
second-growth areas (Stratford and Stouffer 2013), a result that
diverged from our findings.

CONCLUSION
Our data reinforce the previous evidence that microhabitats in
Neotropical forests can be heterogeneous and that different
insectivore bird species can show preferences for specific habitat
parameters (Cintra and Cancelli 2008). We provide evidence that
the logging activities that occurred in the past may have
contributed to an increase in availability of habitats selected by
the Pernambuco Fire-eye and the Black-cheeked Gnateater. As a
consequence, their population densities could be temporarily
inflated in some forest fragments and could potentially decrease
as forest fragments reach more advanced regeneration stages, and
their populations should be monitored in the future. It does not
reduce, however, the importance of other factors that put these
taxa in risk of extinction, such as their limited geographic
distributions and population isolation.
Tropical forest understory insectivorous birds are of special
concern to conservation practitioners, and in regions like the PEC
(already highly fragmented) the endangered taxa will likely persist
only with intensive management actions. Knowledge of habitat
requirements and census estimates of the most vulnerable taxa
are urgently needed. Our study is among the very few providing
these types of information for birds of this guild in the Neotropics.
Although our estimates are only rough, they will serve as
comparative data for other studies and may contribute to practical
conservation policies.

Responses to this article can be read online at:
https://www.ace-eco.org/issues/responses.php/2231
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Appendix 1

Figure A1.1. Detection probabilities of the Pernambuco Fire-eye at different
perpendicular distances, and adjustment of the Uniform Cosine detection function.

Figure A1.2 Quantile-quantile plot (Q-q plot) generated for the Pernambuco Fire-eye
evidencing the fit of the Uniform Cosine detection function to the data.

Figure A1.3. Detection probabilities of the Black-cheeked Gnateater at different
perpendicular distances, and adjustment of the Hazard-Rate Cosine detection function.

Figure A1.4. Quantile-quantile plot (Q-q plot) generated for the Black-cheeked
Gnateater evidencing the fit of the Hazard-Rate Cosine detection function to the data.

Appendix 2
Table A2.1. Pearson r correlation coefficients for 12 microhabitat parameters obtained
in points of occurrence of the Pernambuco Fire-eye, and at random points distributed
throughout the study area. The addressed variables were: Canopy opening (CO);
Canopy height (CH); Tangles of lianas (L); Fallen branches or trees (FT); numbers of
plants with DBH > 10 (DBH>); numbers of plants with DBH≤ 10 (DBH≤); vegetation
density at 150 cm height (VD150); vegetation density at 50 cm height (VD50); amount
of leaf litter (LL), elevation (EL); declivity (DCL), and biomass (NDVI).
CO

CH

L

FT

DBH>

DBH≤

VD150

VD50

LL

EL

DCL

CO

1.00

CH

-0.01

1.00

L

-0.20

-0.05

1.00

FT

0.28

0.05

-0.24

1.00

DBH>

-0.27

-0.24

0.15

-0.26

1.00

DBH≤

-0.22

-0.19

0.25

-0.34

0.17

1.00

VD150

0.16

-0.00

-0.04

0.14

-0.32

0.01

1.00

VD50

0.14

0.01

-0.01

0.03

-0.09

0.03

-0.10

1.00

LL

-0.22

-0.02

0.05

0.11

0.10

-0.05

0.01

-0.05

1.00

EL

-0.50

0.07

0.16

0.10

0.15

0.10

-0.01

0.01

0.30

1.00

DCL

0.28

0.08

-0.24

0.01

-0.25

-0.29

-0.04

0.04

-0.15

-0.68

1.00

NDVI

-0.29

0.09

0.17

-0.16

0.24

0.36

-0.16

-0.10

0.15

0.35

-0.22

NDVI

1.00

Table A2.2. Pearson r correlation coefficients for 12 microhabitat parameters obtained
in points of occurrence of the Black-cheeked Gnateater, and at random points
distributed throughout the study area. The addressed variables were: Canopy opening
(CO); Canopy height (CH); Tangles of lianas (L); Fallen branches or trees (FT);
numbers of plants with DBH > 10 (DBH>); numbers of plants with DBH≤ 10 (DBH≤);
vegetation density at 150 cm height (VD150); vegetation density at 50 cm height
(VD50); amount of leaf litter (LL), elevation (EL); declivity (DCL), and biomass
(NDVI).
CO

CH

L

FT

DBH>

DBH≤

VD150

VD50

LL

EL

DCL

CO

1.00

CH

0.09

1.00

L

-0.25

-0.39

1.00

FT

0.21

0.13

-0.29

1.00

DBH>

-0.14

-0.29

0.06

-0.12

1.00

DBH≤

-0.11

-0.16

0.06

-0.15

0.15

1.00

VD150

-0.12

-0.10

0.25

-0.08

-0.23

-0.05

1.00

VD50

0.11

0.25

-0.14

0.28

0.02

0.08

-0.09

1.00

LL

-0.25

-0.02

-0.05

0.11

0.03

-0.09

0.14

0.03

1.00

EL

-0.01

-0.03

-0.16

-0.05

-0.00

-0.07

-0.07

0.03

-0.01

1.00

DCL

0.06

0.18

0.10

0.07

0.09

-0.07

0.01

-0.00

0.04

-0.73

1.00

NDVI

0.00

-0.12

0.06

-0.18

-0.05

-0.04

0.04

-0.11

0.03

0.20

-0.24

NDVI

1.00

