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Abstract

Background: Evaluating relationships between avian populations and their habitat is important for understanding
the biology of these species and for management decisions that improve the effectiveness of restoration practices.
We investigated how habitat variation along a disturbance gradient affected the abundance of three insectivorous
bird species, White-bellied Antbird (Myrmeciza longipes), Barred Antshrike (Thamnophilus doliatus), and Pale-breasted
Spinetail (Synallaxis albescens) in a Neotropical dry forest remnant in central Colombia.

Methods: The study area, which is located in Magdalena Valley, is under ecological restoration after the construc-
tion of the “El Quimbo”hydroelectric dam, with a gradient of habitat conditions, from relatively advanced secondary
growth to recently disturbed areas. We conducted bird surveys and quantified the habitat conditions from June 2018
to June 2019. We compared the relative abundance of the birds among the three zones with increasing disturbance
and modeled the relationship between the bird abundance with the micro- and landscape-habitat conditions, with
Poisson generalized linear model regression.

Results: The relative abundance of the three bird species varied according to the habitat features and disturbance
level. The abundance of White-bellied Antbirds was higher in forests and thickets than shrubland fragments; Barred
Antshrike was more abundant in shrubland and thickets than in forest fragments, and Pale-breasted Spinetail had the
highest abundance in shrubland and the lowest in forest fragments. The abundance of both White-bellied Antbird
and Pale-breasted Spinetail did not differ among zones with different levels of disturbance, while the abundance of
Barred Antshrike decreased in zones with more disturbance.

Conclusions: There were significant differences in the habitat relationships of the three understory insectivorous
species along the disturbance gradient, although these species were within the same trophic group. These bird
species preferred different stages of habitat succession and responded to different habitat and landscape features.
Increasing forest fragment areas and decreasing the amount of edge would be useful restoration priorities for these
and other similar avian species in this study area.
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a consequence of human population growth, develop-
ment projects, such as hydroelectric dams, have resulted
in the loss of natural habitats and wildlife populations
(Benedict and McMahon 2002). Ecological stressors to
terrestrial wildlife from dam construction and opera-
tion may include habitat fragmentation and loss (Cosson
et al. 1999; Andriolo et al. 2013; Fearnside 2014). In India,
researchers reported terrestrial vertebrate abundance
and species richness declines following dam construction
(Pandit and Grumbine 2012). In addition, in the Ama-
zon region, scientists have identified birds as a vulnerable
group because of their habitat loss due to hydroelectric
projects (Vale et al. 2008).

Currently, neotropical dry forests are considered one
of the most threatened ecosystems worldwide. In Colom-
bia, tropical dry forests have been highly reduced, and
they are poorly represented in the national system of
protected areas (Pizano and Garcia 2014). Therefore, the
creation of Colombian tropical dry forest conservation
areas represents an urgent priority (Barrance et al. 2009;
Losada-Prado and Molina-Martinez 2011; Pizano and
Garcia 2014). The disturbance of Colombian dry forests
is a consequence of many years of human settlement and
cattle and agricultural activity because of their favorable
climactic conditions and fertile soils, resulting in high
rates of fragmentation and degradation. Recently, other
factors, such as mining, urban development, and tour-
ism, have been pressuring those remnants (Pizano and
Garcia 2014).

In the Upper Magdalena Valley, central Colombia, the
environmental ministry was obligated to fulfill a com-
pensation action owing to the ecological damages caused
by the construction of the “El Quimbo” hydroelectric
project, acquiring an area of 11,079 ha of tropical dry
forest that have been under restoration since 2014. The
area encompasses a disturbance gradient from relatively
pristine areas to sites impacted by human settlement,
and associated cattle and agricultural activities have been
gradually abandoned since the 1980s (Natura 2015). Cat-
tle live without fences and frequently cross natural vege-
tation fragments, altering the structure of the understory,
and therefore are considered the main anthropic threat
to restoration (Tamayo 2020). Sowing native plant spe-
cies with seeds recovered from around the area is one of
several restoration strategies. Managers expect that by
the year 2038, the area will be a mature tropical dry forest
ecosystem, and will then be transferred to the Colombian
Natural National Parks Agency as a new national pro-
tected area (Natura 2017) (Fig. 1).

Understory insectivorous birds are vulnerable to
habitat degradation, and occupy the low vertical
strata between 0 and 3 m above the ground (Walther
2002). Although these birds vary in their ecological
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characteristics, in general, they are susceptible to frag-
mentation, mainly owing to their diet specialization,
foraging near the ground, and sensitivity to edge effects
and other human disturbances (Rosenberg 1990; Stouffer
and Bierregaard 1995; Canaday 1997; Marra and Remsen
1997; Stratford and Stouffer 1999). Furthermore, many
tropical understory insectivorous birds are sedentary,
with high habitat specificity and stable territory defend-
ers, making them vulnerable and reactive to habitat com-
plexity (Sigel et al. 2006; Castafio-Villa et al. 2014, 2019).

We investigated how habitat variation along a distur-
bance gradient affected the abundance of three insec-
tivorous bird species: White-bellied Antbird (Myrmeciza
longipes), Barred Antshrike (Thamnophilus doliatus), and
Pale-breasted Spinetail (Synallaxis albescens) in a tropi-
cal dry forest remnant of the Upper Magdalena Valley in
Colombia. We wanted to address the research questions:
(1) as a consequence of agricultural, cattle grazing, and
dam construction and operation, how do the differences
in habitat variables between three zones of the environ-
mental compensation area of the “El Quimbo” project
translate into differences in the abundance of the three
understory insectivorous birds species? and (2) which
habitat variables should managers focus on to restore this
area for these bird species?

Methods

Study area

We developed this study in a remnant of a neotropical
dry forest located around the “El Quimbo” hydroelectric
dam (2°15'56.032” N; 75°4040.8576” W), which repre-
sents a gradient of conditions, from relatively advanced
secondary growth to recently disturbed areas, over a total
of 11,079 ha. This land was designated for restoration,
because of a compensation action following the Colom-
bian environmental legislation related to dam building.
Restoration activities are carried out by Fundacién Nat-
ura, a non-governmental organization focused on biodi-
versity conservation (Morales 2015; Natura 2017).

The environmental compensation area of the “El
Quimbo” hydroelectric project is located in four differ-
ent municipalities of central Colombia: Paicol, Agrado,
Gigante, and Garzén (Fig. 1). The altitude ranges from 720
to 1500 m, and the temperature varies from 20 to 26 °C.
Two rainy seasons occur yearly: the first one between
October and November, and the second between March
and April. The dry season occurs between June and
August, and rainfall varies from 900 mm in the south-
ern sector to 1900 mm in the western sector of the area.
Climatic zones are clearly identified; the annual rainfall
increases with altitude. The wettest area is located in the
west and the driest is located in the south (Pinz6n 2014;
Natura 2017).
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Fig. 1 Study site in El Quimbo hydroelectric project, Huila, Colombia

Species selection

We selected three species of understory insectivorous
birds as focal species for this study: White-bellied Ant-
bird (Myrmeciza longipes) (Swainson 1825), Barred Ant-
shrike (Thamnophilus doliatus) (Linnaeus 1764), and
Pale-breasted Spinetail (Synallaxis albescens) (Temminck
1823). These species were resident and abundant at our
sites and provided sufficient numbers for assessing the
effects of anthropogenic disturbance.

In Colombia, White-bellied Antbirds are distributed
from sea level up to 700 m, although they have been
known to reach up to 1750 m near the Magdalena River
(Hilty and Brown 2001). The species prefers secondary
deciduous and semi-deciduous forests, gallery forests,
and humid rainforests, and generally forages near the
ground (Hilty and Brown 2001; DiGiovanni and Pollock
2018); it forages for arthropods in the leaf litter, the lower
layers of the forest, and the branches. The Barred Ant-
shrike is associated with secondary Colombian forests,
gallery forests, and forest edges, from 1500 to 1800 m
(Hilty and Brown 2001; Sekercioglu 2009; Koloft and
Mennill 2011a). This species uses the middle strata, tak-
ing advantage of the regeneration of successions (Gillies
and St Clair 2010; Gaitdn Garcia 2013) and searching

for insects on leaves, stems, epiphytes, vines, and trunks
(Poulin et al. 1994; Koloff and Mennill 2011b; Zimmer
et al. 2018). The Pale-breasted Spinetail prefers disturbed
habitats (Remsen 2018); it frequently forages in open
areas and feeds in bushes, grasslands, regenerating pas-
tures, meadows, scattered trees, savannas, living fences
on the edges of marshes, secondary growths, and agricul-
tural areas, as well as on roadsides (Marone 1992; Rem-
sen 2018).

Sampling methods

We divided the study area into three different zones
according to the gradient of disturbance (Natura 2015).
We established 186 survey points, 62 for each zone, along
gradients of disturbance and elevation range, with a
minimum distance of approximately 300 m to minimize
recounting of the same birds (Mansor and Ramli 2017).
We selected those points on a map, considering access
logistics and avoiding grassy areas without shrubs and/
or trees. We visited each point three times, completed in
seven field trips over a period of 13 months (June 2018
to June 2019). Each visit to a point was made during one
of the three climatic seasons: rainy, transition, or dry.
The order of the surveys was planned for access logistics.
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For each point count, we surveyed birds for 10 min with
binoculars, followed by 10 min of monitoring using
playback, and finally 2—-3 min of passive listening. We
downloaded the broadcast songs from xeno-canto.org
and played them with Bluetooth speakers at a maximum
volume of 100 dB to avoid the attraction of individuals
from other points (Chandler and King 2011). We rotated
the order in which audio recordings were played among
visits. During each survey, we recorded the species, the
number of individuals, their gender (in the Barred Ant-
shrike because of its sexual dimorphism), and the period
when individuals were detected during the observation
(before the playback, during the playback or after the
playback). We used total detections at each point for sta-
tistical analysis and visited points between two periods
during the day: 6:00-11:30 and 15:00-18:00 h. Each point
survey was conducted by three people: a researcher, aux-
iliary researcher, and guide.

Habitat features within a 50 x 50 m radius of each point
were assessed. Each plot was divided into four quadrants
(q1-q4) and numbered using the magnetic north by
means of a compass. We measured the habitat variables
inside those quadrants randomly, and calculated a mean
value for each variable. We excluded quadrants without
vegetation cover in the calculations. Habitat quantifica-
tion was completed after the bird surveys.

Habitat variables

We assessed habitat variables based on available litera-
ture on the life history requirements related to the rest-
ing, reproduction, and feeding of the three bird species.
We measured the leaf litter depth with a metallic ruler
as an average of one random measure for each quad-
rant (DiGiovanni and Pollock 2018; H.S. Pollock unpub-
lished data). We surveyed the shrubland fragments area
and forest fragments area using ArcGIS 10.0 software
(2010) based on a thematic map of the study area, by
means of a “multispectral classification” (Loaiza 2020),
and using Landsat 8 OLI satellite imaging from January
2019 (downloaded from https://earthxplorer.usgs.gov).
We created a buffer of 7.06 ha (a circle with a radius of
150 m) around each point count and intersected it with
the thematic map. We calculated the area of each veg-
etation type inside the buffer. We summed all values of
shrubland types to obtain one value for each point. We
performed the same procedure for forest types (Hilty
and Brown 2001; Sekercioglu 2009; Gillies and St Clair
2010; Gaitdn Garcia 2013; DiGiovanni and Pollock
2018). We calculated the fragment edge index from the
“multispectral classification” of the Landsat image. We
recategorized the map into four different classes: natu-
ral, transformed, river, and water bodies and intersected
the results with the buffers around the point counts. We
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calculated an index as the difference between the sum
of edge (natural vs. transformed) longitude in the buffer
and the value of the circle buffer perimeter (942.273 m).
The literature suggests that Barred Antshrike and Pale-
breasted Spinetail forage in forests and shrubland edges
(Sekercioglu 2009; Remsen 2018). We determined the
vegetation cover type using the methodology proposed
by Edwards (1983), a structural categorization of vegeta-
tion designed for practical use, based on vegetation char-
acteristics. We defined one vegetation type in each plot
using an adapted dichotomic key (see the key in Addi-
tional file 1). The characters were the height of the domi-
nant plant individuals, percentage of cover (measured
using a densitometer), and growth form. We found 13
vegetation types across the area; however, for modeling,
we combined them into three broad categories: shrub-
land, forest, and thicket. Thicket was considered an inter-
media between forest and shrubland (Hilty and Brown
2001; Marone 1992; Sekercioglu 2009; Koloff and Mennill
2011a; DiGiovanni and Pollock 2018; Remsen 2018).

We recorded the elevation at each point using a GPS
(GPS Garmin Map 64; Garmin, Bogotd, Colombia). We
registered the slope at each point using the Clinom-
eter and Bubble Level (Plaincode, Stephanskirchen,
Germany). We recorded the temperature and relative
humidity at each point during each visit using a Thermo-
Hygrometer with Min/Max Function (Tracebale prod-
ucts, Webster, TX, USA) (Additional file 2).

Data analysis

We performed a multivariate analysis of variance
(MANOVA) to compare the environmental variables
among the three zones. We excluded the variable “tem-
perature” because it was highly correlated with “humid-
ity” (r=0.82). The elevation (m), average relative
humidity (%), slope (°), shrubland fragment area (ha), for-
est fragment area (ha), and fragment edge index (m) were
the dependent variables for MANOVA. After detecting
the global significance, we identified significant depend-
ent variables with an analysis of variance (ANOVA), fol-
lowed by a Tukey test for comparisons among the three
zones in R (R Core Team 2018). We fitted a principal
component analysis (PCA) with selected habitat vari-
ables to complement the MANOVA. In addition, we fit-
ted two linear models to examine their relationship with
the gradient across the study zone: the first had the tem-
perature (°C) as the response variable, and time, eleva-
tion (m), and vegetation cover type as predictors; and the
second had relative humidity (%) as the response variable
and elevation (m) and vegetation cover type as predictors
(Additional file 2). Generalized linear models (GLMs) are
useful approaches to assess which variables influence bird
abundance, so we fitted a GLM for the counts (Poisson
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distribution) of the three species, taking the maximum
number of individuals at each point as the abundance
index (Toms et al. 2006). We grouped the abundance
survey detection periods because we considered suitable
in abundance relationships with habitat. Additionally,
we found most of the detections during playback, so we
considered the other two periods as complementary sam-
ples. We included the leaf litter depth, forest fragment
area, shrubland fragment area, fragment edge index,
vegetation cover type, elevation, slope, zone, and rela-
tive humidity as predictors (Wickham 2016; Wilke and
Cowplot 2019). We selected models using Akaike’s infor-
mation criterion for small sample sizes (AICc) (Burn-
ham and Anderson 2002). We considered three criteria
to assess the effects of habitat variables on abundance.
First, we checked whether the variable was present in the
best-supported model. Second, we considered whether
the variable was present in the other supported models.
Third, we checked in the average model if the variable
had a coefficient that included zero in their confidence
interval (Tables 1, 2). We tested the overdispersion of the
dependent variable by comparing the mean and variance
with the function “dispersionless” to confirm whether
the Poisson distribution was the best option to fit our
data (Kleiber and Zeileis 2008; Grosjean et al. 2018). We

Page 5 of 12

considered the best-supported models with AAIC<2,
since the main objective of this research was to under-
stand the abundance of the three bird species as a func-
tion of habitat variables (Chandler and King 2011). We
used model averaging of the best-supported models for
the abundance per zone calculations (Tables 1, 2; R code
in Additional file 3).

Results

The supported models (AAICc <2) included the vegeta-
tion structure, quantity of biotic resources, and abiotic
characteristics (such as elevation, relative humidity, and
slope) as good predictors of the three species abun-
dance (Table 1). Thus, the best models detected the most
important variables as abundance predictors for these
species. The shrubland fragment area and forest frag-
ment area were the best predictors for White-bellied
Antbird abundance, while vegetation cover type was the
best predictor for the Pale-breasted Spinetail abundance.
Moreover, the Barred Antshrike best model included the
elevation, vegetation cover type, and zone as abundance
predictors. Further, supported models included addi-
tional variables, which we considered to predict species
abundance (Tables 1, 2). All the variables included in the
average models had a high level of support because the

Table 1 Generalized linear model (Poisson distribution) selection results of White-bellied Antbird, Barred Antshrike,
and Pale-breasted Spinetail at the study area, El Quimbo hydroelectric project, Huila, Colombia, 2018-2019

Species AlCc Delta AIC K Weight Poisson GLM models
White-bellied Antbird 4303 0 3 0.1413 Abund = shrubarea + forarea
4303 0 4 0.1405 Abund = elev + shrubarea + forarea
4315 1.2 6 0.0503 Abund = elev + shrubarea + forarea 4+ zone
432 1.7 5 0.0602 Abund = shrubarea + forarea + typecover
4323 1.9 4 0.0537 Abund = slope + shrubarea + forarea
4324 2 5 0.0508 Abund = elev + leaflitter 4 shrubarea 4 forarea
4324 2 5 0.0508 Abund = elev + slope + shrubarea + forarea
Barred Antshrike 506.2 0 6 0.1346 Abund = elev + typecover +zone
507.5 1.3 7 0.0689 Abund = elev + slope + typecover +zone
508 1.9 7 0.0527 Abund = elev + shrubarea + typeocover +zone
508.2 2 7 0.0459 Abund = elev 4 edge + typecover +zone
Pale-breasted Spinetail 4103 0 3 0.1522 Abund =typecover
411.7 14 5 0.0766 Abund = typecover +zone
411.7 14 5 0.0762 Abund =elev + slope + typecover
4117 14 4 0.074 Abund =slope + typecover
4118 15 5 0.0717 Abund =elev+ edge + typecover
4121 1.7 5 0.0634 Abund =elev+ humaveg + typecover
4121 1.8 4 0614 Abund = humaveg + typecover
412.2 19 4 0.599 Abund =edge + typecover

Variables are referenced as follows: Abund, abundance (number of individuals per point); shrubarea, area of shrubland in the buffer around the plot (ha); forarea,
area of forest in the buffer around the plot (ha); elev, elevation at the plot (m); typecover, vegetation cover type following Edwards (1983); slope, slope at the plot (%);
leaflitter, average leaf litter depth at the plot measured at each quadrant (cm); edge, edge index in the buffer around the plot (m); humaveg, average relative humidity;

zone, zone (1, 2, or 3).
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Table 2 Averaging models and 95% confidence intervals for generalized linear model (Poisson distribution) of White-
bellied Antbird, Barred Antshrike and Pale-breasted Spinetail at the study area, El Quimbo hydroelectric project, Huila,

Colombia, 2018-2019

Species Variable Coefficient Lower Upper Variables

in the model level
of support

White-bellied Antbird Intercept 0.8763 0.1591 4.8273 High
Shrubland area 1.1329 1.0339 1.2413 High
Forest area 11792 1.0797 1.2878 High
Elevation 0.9992 0.9968 1.0005 High
Typecover Shrubland 0.9676 04632 1.1528 High
Typecover Thicket 1.001 0.7005 14788 High
Slope 1.0003 0.9917 10116 High
Leaf litter depth 0.9985 0.8767 1.1042 High
Zone 2 0.9729 0.495362 13414 High
Zone 3 0.9272 0.2943 1.1026 High
Barred Antshrike Intercept 15.5486 2.596 93.092 High
Elevation 0.9977 0.9958 0.9995 High
Typecover Shrubland 1.2524 0.9029 1.7372 High
Typecover Thicket 14307 1.0515 1.9446 High
Slope 0.9991 0.9876 1.0046 High
Shrubland area 1.0029 0.9553 1.0829 High
Edge 0.999 0.9997 1.0001 High
Zone 2 04225 0.2705 0.66 High
Zone 3 0.2624 0.1562 0.4408 High
Pale-breasted Spinetail Intercept 0.3233 0.1029 1.01578 High
Typecover Shrubland 30214 1.9618 4.6531 High
Typecover Thicket 1.9212 12184 3.0296 High
Elevation 1.0003 0.9997 1.0022 High
Slope 0.9991 0.9864 1.0065 High
Edge 1 0.9998 1.0002 High
Relative humidity 1.000326 0.9845 1.019 High
Zone 2 1.0082 0.7256 1.5801 High
Zone 3 0.9693 05132 1.163 High

Variables are referenced as follows: Shrubland area, area of shrubland in the buffer around the plot (ha); Forest area, area of forest in the buffer around the plot (ha);

Elevation, elevation at the plot (m); Typecover, vegetation cover type following Edwards (1983); Slope, slope at the plot (%); Leaf litter depth, average leaf litter depth
at the plot measured at each quadrant (cm); Edge, edge index in the buffer around the plot (m); Relative humidity, average relative humidity; Zone, zone (1, 2, or 3).

confidence intervals of their coefficients did not include
zero (Table 2).

The relative humidity, slope, elevation, fragment
edge index, area of shrubland fragments, and area of
forest fragments differed among disturbance zones
(Fip358=25.49, P<0.01). The differences were as fol-
lows: Zone 1 and Zone 2 were wetter than Zone 3; Zone
1 was higher than Zone 2 and much higher than Zone
3; Zone 3 was steeper than Zone 2 and Zone 1; Zone 1
had a greater area of shrubland fragments than Zone 2
and much greater area than Zone 3; Zones 1 and 2 had
greater areas of forest fragments than Zone 3; and Zone 2
had a greater fragment edge length than Zone 1 (Table 3).
Two major components in the PCA explained 76% of the

total variation (Table 4). The first component represented
the climatic conditions with lower elevations of hotter
and drier sites to higher elevations of cooler and moister
sites. The second component represented gradients of
disturbance and elevation, with shrub dominated sites at
lower elevations to more extensive forest sites at higher
elevations (Table 4).

The White-bellied Antbird abundance was positively
associated with the area of shrubland and forest frag-
ments, two variables present in all supported mod-
els (Table 1). The vegetation cover type was present in
only one of the supported models. Forests (0.7140.12)
and thickets (0.7240.11) had higher abundance coeffi-
cients (+standard error) than did shrubland fragments
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Table3 ANOVA and Tukey’s test of environmental
and biotic variables among three zones of the study area,
El Quimbo hydroelectric project, Huila, Colombia, 2018-
2019

Zone1 Zone2 Zone3 ANOVA Tukey'’s test
Relative humidity (%)
Mean 70.75  69.1 5948  F,43=2093, 1-3/2-3
SE 119 149 129 P<000
Elevation (m)
Mean 100008 819.06 77823 F,,5=14223, 1-3/2-3/1-2
SE 1278 1081 371  P<001
Slope (%)
Mean 2759 2516 3601 F,5=7.83,P<001 1-3/3-2
SE 197 1.75 251
Shrubland area (ha)
Mean 389 273 136 F,3=2372, 1-3/2-3/1-2
SE 028 029 021 FP<001
Forest area (ha)
Mean 226 1.88 044 F,153=1563, 1-3/3-2
SE 030 027 013 FP<001
Edge (m)
Mean 48293 807.34 57445 F,153=392,P<005 1-2
SE 73.1 10851 65.55

Tukey's test numbers refer to significant differences between zones.

SE standard error

Table 4 Principal components analyses of 186
points based on elevation and climactic and habitat
characteristics at the study area, El Quimbo hydroelectric
project, Huila, Colombia, 2018-2019

PC1 PC2
Proportion of variance 0.4843 0.2805
Elevation 04069 —0.4296
Humidity 0.5784 0.1551
Temperature —0.5622 —0.0788
Shrub area 0.2044 —0.7289
Forest area 0.3767 0.5402

Elevation, Elevation at the plot (m); Humidity, average relative humidity (%);
Temperature, in Celsius degrees; Shrub area, area of shrubland in the buffer
around the plot (ha); Forarea, area of forest in the buffer around the plot (ha).

(0.51£0.09) (Fig. 2). Because of the inclination of the
curve, the leaf litter depth had a weak negative effect, and
the slope had a weak positive effect on the abundance
(Table 1, Additional file 4).

The Barred Antshrike abundance was positively asso-
ciated with the shrubland area (Table 1). Antshrikes
were more abundant in thickets (1.58 +=0.18) and shrub-
lands (1.3940.18) than in forest fragments (1.11£0.12).
The vegetation cover type was present in all supported
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models. The edge index had a negative effect although
it was included only in one of the supported models
(Table 1, Fig. 3). The slope and elevation had strong nega-
tive effects on the abundance (Table 1, Additional file 4).

The Pale-breasted Spinetail abundance was more posi-
tively associated with shrublands (1.28 +0.15) than with
thickets (0.8140.11), and more abundant in thickets
than forest fragments (0.43 +0.07). The vegetation cover
type was present in the best candidate model and in all
the other supported models (Table 1, Fig. 4). The slope
showed a weak negative effect and the elevation showed a
positive effect on the spinetail abundance (Table 1, Addi-
tional file 4).

Because the standard errors overlapped, the White-
bellied Antbird abundance (mean birds/point=+ stand-
ard error) was similar among zones 1 (0.84+0.116), 2
(0.82+0.08), and 3 (0.78£0.127). Likewise, the Pale-
breasted Spinetail abundance was equal among zones:
Zone 1 (0.42+0.07), Zone 2 (0.4340.08), and Zone 3
(0.41+0.08). Finally, the Barred Antshrike abundance
displayed the following differences among zones; it was
the highest in Zone 1 (2.08940.327), followed by Zone 2
(0.88+0.142), and Zone 3 (0.54=0.111) (Table 2, Fig. 5).

Discussion

The study area encompassed a broad gradient of condi-
tions, from relatively advanced secondary growth to
recently disturbed areas, which enabled us to examine
the responses of the birds to disturbance (Natura 2015).
Although we divided the study area into three zones
based on the level of disturbance, we found that the
zones were an irrelevant variable for modeling the abun-
dance of Pale-breasted Spinetail and White-bellied Ant-
bird; in both cases, the zones were not included in the
best model, and were thus present in only one of the sup-
ported models. Therefore, we found similarities among
the abundance estimations in the three zones. Thus,
we will focus on associations between the habitat vari-
ables and abundance across the entire gradient, without
including the relationship with the zones, for the antbird
and the spinetail.

Agreeing with DiGiovanni and Pollock (2018), we con-
clude that White-bellied Antbirds tolerate disturbance,
as indicated by the similar abundance estimations across
the disturbance gradient. However, the antbird abun-
dance was positively related to the forest area, suggest-
ing that the persistence of this species in fragmented
landscapes depends on the presence of remnant forest
patches (Hilty and Brown 2001). Furthermore, the higher
vertical complexity of habitat structure provided by the
understory of forests and thickets, relative to shrub-
lands, provides more food and cover for the movement of
these birds (Gillies and St Clair 2010; Castafo-Villa et al.
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2014). Other researchers have suggested that these birds  that the temperature was the lowest in forest fragments
are associated with specific microclimate conditions (26.6+£0.27 °C), compared to that in thicket fragments
in tropical dry forests, where temperatures are extreme  (27.7£0.29 °C) and shrubland fragments (28.2+0.31 °C)
(Block and Brennan 1993; Franklin et al. 2000; Castafio-  (Additional file 2). Similarly, relative humidity was higher
Villa et al. 2014; Pollock et al. 2015). Our results indicate  in forest fragments (69.7% 4 1.15%) than in shrubland
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(61.2%41.32%) and thicket fragments (61.9% +1.23%) The leaf litter had no effect on the White-bellied Ant-
(Additional file 2). Hence, climatic conditions are among  bird abundance, which could be because we measured
the environmental factors influencing the preference of it just once in a year; thus, we only captured a snapshot
White-bellied Antbirds for forest fragments over shrub-  of the real conditions, especially because the tropical dry
land and thicket fragments. forest has deciduous trees that lose their leaves during the

dry season. Consequently, the leaf litter depth variation
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throughout the year is larger than that measured in our
study (Marra et al. 2015). Additionally, White-bellied
Antbirds were positively associated with the slope, which
could be due to the fact that steeper areas were less likely
to be transformed into agricultural land or human set-
tlement. Finally, the antbird should be a useful conserva-
tion indicator because of its association with larger forest
fragments.

Because the Pale-breasted Spinetail abundance was
strongly associated with fragments of shrubland, less
with thickets and even less with forests—and because
the fragment edge index had a strong positive association
with their numbers—we agreed with the authors who
considered it as an open vegetation species that benefits
from fragmentation (Marone 1992; Remsen 2018). Con-
sidering that the spinetail is highly associated with shrub-
land fragments and areas with high amounts of edges, we
propose it to be an indicator species for fragmentation in
restoration areas.

Given that some authors consider the Barred Ant-
shrike to be a generalist species and others consider it
a forest fragment generalist, we expected that it would
take advantage of early vegetation successional stages,
as well as forests in the disturbance gradient (Sekercio-
glu 2009; Akresh et al. 2015). Instead, we found a strong
association of the species with shrubland and thicket
fragments but not with forest fragments, which is in
accordance with the results of Gillies and St Clair (2010)
and Gaitdn Garcia (2013). However, we found evidence
that the antshrike abundance was negatively associated
with the fragment edge index and thus with fragmenta-
tion, agreeing with other authors’ findings, which sug-
gest that some disturbance-dependent birds are sensitive
to fragmentation, preferring larger and more contiguous
habitat patches and developing unique foraging strategies
in the tropical understory (Mansor et al. 2018; Roberts
and King 2019). We consider the negative relationship
between Barred Antshrikes and slope because histori-
cally, flatter areas have been converted from forest into
settlements and agricultural land, resulting in the current
fragments of shrubland and thickets.

The Barred Antshrike abundance was higher in Zone
1, medium in Zone 2, and lower in Zone 3. Even though
this species prefers shrubland fragments over forest and
thicket fragments, lower fragmentation at Zone 1 could
more greatly benefit the species than could that at Zone
2. Likewise, differences in the area of shrubland frag-
ments could be the key factor benefiting their abundance
in Zone 2 over Zone 3 (Table 3).

Generally, the most important variables in the habi-
tat models of these three species agree with those
reported by Franklin et al. (2000), who suggested that
the amount of habitat (area of fragments) and the level
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of fragmentation (edge index) are important covariates
related to bird populations.

We identified some weaknesses associated with the
research that readers should be aware of in our discus-
sion and conclusions. First, habitat measures and bird
counts were obtained for just one year; hence, annual
variations in habitat variables and bird abundance were
not considered. Second, as the habitat variables were not
evaluated across the entire year, climate season variation
was not recorded. Third because of logistics, the observ-
ers at some points were different, affecting the detect-
ability of birds and objectiveness in habitat measures.
Finally, including midstory or overstory insectivorous
bird species would have been more informative and use-
ful for guiding the restoration effort. However, most veg-
etal covers of the area have only understory stratum, like
many shrubland, thicket, or short forest fragments; thus,
we tried to track species that would be present across the
entire area. We propose future research of these birds
using radiotelemetric techniques to determine their
home range to relate them to the population and habitat
traits and therefore assist restoration. The habitat-species
abundance assessment of the relationship between tropi-
cal understory insectivores and disturbance and the focus
on the identification of restoration priorities represent
the novelty of this research.

Conclusions

We present evidence that our study area encompasses a
gradient of disturbance representing different levels of
habitat quality for the three bird species. White-bellied
Antbird, Barred Antshrike, and Pale-breasted Spinetail
are considered to be in the same trophic group; how-
ever, they showed variations in the preference of different
stages of succession and responded to distinct charac-
teristics of the landscape. In that sense, these understory
insectivorous birds are excellent targets for research in
the area for elucidating their habitat relationship and
for being indicator species of the disturbance levels. We
expect that our findings will improve the management
decisions of the study area, especially because this is land
left for restoration and protection. A restored dry forest
around the “El Quimbo” dam would benefit not only the
bird species in this study, but all understory insectivo-
rous birds. As management actions, we suggest increas-
ing the area of fragments and connectivity of forest
fragments, decreasing edges, enriching understory with
plant species of shrubland, thicket, and forest fragments
that increase perches and decrease the amount of cattle.
Additionally, as indicated by Castafo-Villa et al. (2014),
increasing spatial variation in the forest intra-habitat
structural variable features “stem diameter” and “basal
area” may increase the insectivorous bird abundance in



Loaiza et al. Avian Res (2020) 11:33

reforested areas. In the end, we propose the White-bel-
lied Antbird as a conservation indicator species and the
Pale-breasted Spinetail as a fragmentation indicator spe-
cies in this area, given their relationships with the habitat
and the ease of sampling (Neimi and McDonald 2004).
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