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1 | INTRODUCTION
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Abstract

Road construction is considered to be one of the primary causes of forest fragmenta-
tion, and little is known about how roads affect bird reproductive success. The objec-
tive of this study was to assess the survival rate of artificial nests along an edge
associated with a highway and in the interior of a tabuleiro forest. The study was
performed at the Sooretama Biological Reserve, on the margins of federal highway
BR-101, between September and October 2015. A total of 168 artificial nests with a
Common quail (Coturnix coturnix) egg in each nest were placed along six sampling
transects, at distances of 2, 25, 50, 100, 200, 400, and 800 m from the highway to-
ward the forest interior. We used logistic regression and estimated daily survival rate
(DSR) using the “Nest Survival” function in the program MARK to estimate artificial
nest survival and assessed the effect of the distance from the highway. The artificial
nest survival rate was significantly higher on the highway margins than at other dis-
tances. The results show that artificial nests located up to 25 m from the highway
have a greater success probability (over 95%) and a significant decrease in success
probability more than 50 m from the highway. Although we cannot rule out other
nonroad-specific edge effects on artificial nest predation, our results suggest that
the impacts of the highway (e.g., noise, vibration, visual stimuli) cause predators to
avoid the road's surroundings (up to 25 m into the forest) when selecting their feed-

ing sites, which partially supports the predation release hypothesis.
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(Benitez-Lopez, Alkemade, & Verweij, 2010; Forman & Deblinger,
2000). The relationship between roads and biodiversity involves

Road construction is considered to be one of the primary causes
of forest fragmentation, resulting in an increase in the amount of
edge habitat (Coffin, 2007; Fearnside, 1990; Laurance, Goosem,
& Laurance, 2009). Edges created by roads are more abrupt than
the edges common in many natural landscapes, which are more

diffuse, thus increasing problems associated with an edge effect

many variables, including environmental, social, cultural, and eco-
nomic factors, which are intertwined in an interaction network and
reflect the developmental history of a country or region (Freitas,
Hawbaker, & Metzger, 2010).

The barriers formed by roads not only fragment the landscape

but also interrupt the flow of some species and lead to changes in
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the ecological relations among the edge-using species (De Oliveira,
Alberts, & Francisco, 2011; Develey & Stouffer, 2001; Forman &
Alexander, 1998). Fauna is also disturbed by the noise pollution origi-
nating from roads. There is evidence that the noise caused by vehicle
transit is an important factor affecting bird communities near roads
(Halfwerk, Holleman, Lessells, & Slabbekoorn, 2011; Reijnen, Foppen,
TerBraak, & Thissen, 1995; Ware, McClure, Carlisle, & Barber, 2015).
Finally, collisions with vehicles are another important feature shaping
animal populations near roads (Trombulak & Frissel, 2000).

Many studies have already assessed the edge effect on bird repro-
duction (reviews in Lahti, 2001; Batary & Baldi, 2004; Vetter, Ricker,
& Storch, 2013), but most of these studies have been performed at
forest edges associated with pastures or other vegetation structures.
Several studies have argued that nest predation be elevated near hab-
itat edges (reviewed by Chalfoun, Thompson, & Ratnaswamy, 2002).
Indeed, some studies have shown that the predation rate of natural
and artificial nests is higher closer to edges (Arbeiter & Franke, 2018;
Askins, 1995; Cox, Thompson, & Faaborg, 2012; Marini, Robison, &
Heske, 1995). However, studies have shown contrasting results for
the relationship between forest fragment size and the predation
rates of artificial nests as well as a lack of any increase in nest preda-
tion rates at fragment edges compared to the forest interior (Duca,
Gongalves, & Marini, 2001; Franca & Marini, 2009; Luo, Zhao, Ma, Li,
& Xu, 2017; Watson, Whittaker, & Dawson, 2004).

A recent meta-analytical study found no edge effect on nest pre-
dation across tropical species, but a higher probability of nest pre-
dation along forest edges when pooling together data from tropical
and temperate species (Vetter et al., 2013). In addition, this study
showed a high heterogeneity in the effect of roadside edges on nest
predation across studies (Vetter et al., 2013). There have been few
experimental studies on the factors affecting nest predation inten-
sity near habitat edges in tropical forests (Coelho, 1999; Marini et
al., 1995), especially regarding forest edges associated with roads
(Batary & Baldi, 2004; Vetter et al., 2013). Therefore, it is important
to perform more studies to assess the influence of fragmentation
processes and edge effects related to different types of adjacent
land uses (Vetter et al., 2013), to understand the effects of edges
associated with roads.

Several mechanisms have been proposed to explain why nest
predation may increase or decrease near the edge. Nest predation
should decrease with the increasing distance from the edge, and
be higher in small fragments, in circumstances where the predators
choose small patches and edges for foraging (Chalfoun et al., 2002;
Gates & Gysel, 1978; Wilcove, Mclellan, & Dobson, 1986). On the
other hand, nest predation can be lower near edges whether nest
predators are less dense or less active near the edges due the avoid-
ance of unsuitable habitats (Khamcha et al., 2018) or whether the
predators have lower foraging efficiency near the edges due to edge
impacts on vegetation structure (Harper et al., 2015). The species-
specific responses of predators to edges may determine the overall
effect of edge on nest predation (Khamcha et al., 2018).

The predation release hypothesis states that prey are favoured
near roads because roads negatively affect the predators' abundance
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and/or foraging activity due to road mortality and traffic distur-
bance (Downing, Rytwinski, & Fahrig, 2015; Fahrig & Rytwinski,
2009; Rytwinski & Fahrig, 2013). Although it is well known the neg-
ative impacts of roads on bird predators (Trombulak & Frissel, 2000;
Zabala et al., 2006), studies failed to support the prediction of lower
adult and nest predation near roads (DeGregorio, Weatherhead, &
Sperry, 2014; Dziadzio, Smith, Chandler, & Castleberry, 2016), prob-
ably because some predators can be favoured by roads (DeGregorio
etal., 2014).

In this study, we assessed the survival probability of artificial,
open cup nests along edge areas associated with a highway and
in the interior of an Atlantic forest. We tested the hypothesis that
roadside edges will have an (positive or negative) impact on nest sur-
vival, by evaluating the prediction that artificial nest survival will be
higher or lower near roadside edges than in the interior of the forest.
We discussed the possible mechanisms underlying the edge-interior
gradient in nest predation. We argue our study contributes to un-
derstand the spatial diversity of edge effects on nest survival in the

tropics.

2 | MATERIAL AND METHODS

2.1 | Study site

The experiment was performed at the Sooretama Biological
Reserve (hereafter SBR), located in the Sooretama, Linhares, Vila
Valério and Jaguaré municipalities, in northern Espirito Santo state,
Brazil, between 18°53' and 19°05'S and 39°55’ and 40°15'W
(Figure 1). The SBR is considered one of the largest “tabuleiro”
forest (dense lowland rainforest located on flat terrain) remnants
in southeast Brazil and has a forested area of 24,250 ha (Peixoto
et al., 2008; Peixoto & Simonelli, 2007). The SBR is located in the
barreiras formation, characterized by a wide relief, with low hills of
the “tabuleiro” type and a maximum altitude of 200 m above sea
level (Paula & Soares, 2011) located in the Atlantic Forest biome.
According to the Képpen classification, the climate in the region is
tropical with a dry winter and rainy summer (Aw) (Alvares, Stape,
Sentelhas, Goncalves, & Sparovek, 2013). The cumulated precipita-
tion is 1,403 mm, and the average annual temperature is 23.6°C
(Alvares et al., 2013; Magnago, Rocha, Meyer, Martins, & Meira-
Neto, 2015).

According to the phytogeographic system established by the
Brazilian Institute of Geography and Statistics (Instituto Brasileiro
de Geografia e Estatistica—IBGE), the primary vegetation forma-
tion found in the region is Lowland Dense Ombrophilous Forest
(Tabuleiro Forest), a forest comprised by a coastal stretch of flat-
land forests on the geologic formation of the same name (Coastal
Tabuleiro) (IBDF & FBCN, 1981).

2.2 | Artificial nests experiment

The experiment was conducted from 22 September 2015 to 07
October 2015, at the start of the reproductive season of most birds
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in the region (Sick, 2001). The experiment was conducted along
the margins of the federal highway BR-101 (Mario Covas highway),
which passes transversally through the reserve for approximately
5.3 km (Figure 1). This is a paved, two-lane highway with 15 m wide
and 60 km/hr of speed limit at the section that passes through the
reserve. Traffic on this highway includes all categories of vehicles,
and traffic flow is considered heavy, approximately 8,000 vehicles
per day, though there is not quantitative information available.

Six transects were placed perpendicular to the highway, with
sampling points at 2, 25, 50, 100, 200, 400, and 800 m from the
highway toward the forest interior. Four nests were positioned at
a height of approximately 1.5 m from the ground at each sampling
point, parallel to the road, spaced 25 m apart, resulting in 24 nests
per distance from the highway, and an overall total of 168 nests.

The nests were constructed from grass bundles arranged in spi-
rals and sewn together to keep them from falling apart. One com-
mon quail (Coturnix coturnix) egg was placed in each nest, and the
nests were exposed to predators for 15 days, which is the average
incubation time of Passeriformes in the region (Marques-Santos,
Braga, Wischhoff, & Roper, 2015; Sick, 2001). The nests were mon-
itored, and their content was assessed (predated or intact) every
3 days. The nests were considered as predated when the eggs had
been damaged or removed.

2.3 | Data analysis

The apparent predation rate was calculated as the percentage of
predated nests by dividing the total number of predated nests at
each distance by the total number of nests at each distance, result-
ing in the success percentage.

Variation in nest survival among categories of distances from the
highway was analyzed with three approaches: (a) modeling and (b)
comparison of daily survival rate (DSR), and (c) logistic regression.
First, daily survival rate (DSR), the probability that a nest survives
1 day within a specific time interval (Dinsmore, White, & Knoff,

2002), were calculated using the “Nest Survival” function in Program

MARK (Cooch & White, 2012). This function allows for the develop-
ment and comparison of models of daily survival containing different
temporal and spatial covariate effects.

The nest survival model needs a minimum of four pieces of infor-
mation to estimate DSR, namely the first day encountering the nest,
the last day the nest was checked and not depredated, the last day the
nest was checked, and the fate of the nest: depredated or not. Because
we used artificial nests, the first day encountering the nest was always
the first experimental day. The record of each nest consistently lasted
from day 1 (first experimental day) to day 16 (last experimental day),
and then, the maximum duration of egg exposure to predation was
15 days. Each set of 24 nests at the distances from the highway (at 2,
25, 50, 100, 200, 400, and 800 m from the highway) was considered
a group, and then, there were seven groups. Therefore, groups repre-
sent the distance from the highway (road effect).

To test hypotheses, we constructed generalized linear models
(Program MARK) to evaluate the daily survival of artificial nests at
each distance from the highway (at 2, 25, 50, 100, 200, 400, and
800 m). We ranked the models based on Akaike's information cri-
terion (AIC) values, where models with AAIC <2 were considered
to have similar ability to explain variation in the data set (Burnham
& Anderson, 2002). We constructed models considering time (t),
group (g), and combination among them (g*t). In the models, groups
represent distances from the highway. We also constructed models
grouping the groups in different ways to assess the road effect on
DSRs. For instance, a model with group 1 isolated from the others
(g1), groups 1 and 2 as only one group (g1-2), groups 1 and 2 as only
one group and groups 3-7 as another group (31-2, g3-7), group 3-7
as only one group (33-7). See Table 1 for other models.

Nest success estimates were also compared between the dif-
ferent distances with Mayfield's protocol (Hensler & Nichols, 1981;
Mayfield, 1975), which was also used to calculate nest survival rate
based on exposure time. In this analysis, differences in survival
probability among the different distances from the highway were
evaluated pairwise using the Z-test adapted to Mayfield's protocol
according to Hensler and Nichols (1981).
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TABLE 1 Model selection of nest survival (S) based on Akaike's
information criteria (AIC)

Models AlCc AAICc Wi K Deviance
Sien) 305.99 0.00 0.33 2 301.99
Sig3-7) 306.32 0.32 0.28 8 300.30
Se1-2,43-7) 306.56 0.57 0.25 2 302.56
Sig3) 309.99 4.00 0.05 2 305.98
S 310.62 4.62 0.03 6 298.58
S 311.64 5.65 0.02 7 297.59
Sig1-2) 311.88 5.89 0.02 6 299.84
S 312.21 6.22 0.02 1 310.21
Sie2) 313.42 7.43 0.01 2 309.41
Signy 391.41 85.42 0.00 65 257.22

Note. The model notion (g) is a group effect indicating that survival was
estimated separately for each distance from the highway. (.) Indicates
constant survival, and (t) a time effect; numbers indicated different
groups that represent distances from the highway. Total AIC, difference
of AIC of each model relative to the top model (AAIC), Akaike's model
weight (wi), numbers of parameters (K), and deviance are provided for
each model.

Finally, we performed logistic regression in R (glm function, R
Core Team, 2017) to evaluate how nest survival (O: successful, 1:
depredated) varies with distance from the highway (a factor with
seven distance levels). Nest exposure time (in days) was included
as an offset in this model. We compared the models with and with-
out (i.e., null model) distance variable with likelihood ratio test. If
we found an effect of distance to the highway upon the probabil-
ity of the nest being depredated, we carried out post hoc com-
parisons among levels of distance using the packages multcomp
(Hothorn, Bretz, & Westfall, 2008) and Ismeans (Lenth, 2016). p
values in multiple comparisons were controlled for false discovery
rates (Benjamini & Hochberg, 1995). Because we have seven levels
of distance, we considered significant p values those lowered than

0.1 in post hoc comparisons.

3 | RESULTS

Of the 168 nests used in the experiment, 24.4% were depredated
after 15 days of exposure. The apparent predation rate of nests
two meters from the highway was 4% and increased starting at
25 m (16%), with the largest predation rate observed at 50 m (41%)
(Figure 2).

The constant generalized linear model [S(')] and model indicating
time effect on DSR [S(t)] had little support (AAIC > 2). In contrast,
models describing differences from groups 1 and 2 (distances 2 and
25 m from the highway) to others had greater support, with the
models S

g1) 5(33*7)’
evidence (Table 1).

and S(;_, o5 5 comprising 86.2% of the weight of

The probability of success for nests located between two and
25 m from the highway varied from 82% to 96%, whereas that of

nests located 50 m or more from the highway varied from 58% to
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FIGURE 2 Predation rate (%) of artificial nests in the Sooretama
Biological Reserve, Brazil

77% (Table 2). Survival rates of nests located up to 25 m from the
highway were significantly different from the other distances, with
the greatest success probabilities observed for nests located be-
tween 2 and 25 m from the highway (Table 3, Figure 3).

Logistic regression also demonstrated an overall effect of dis-
tance from the highway upon the probability of nest being depre-
dated (likelihood ratio test, ;(2 =21.48, df = 6, p = 0.002). Probability
of the nest being depredated was lower at the margin (2 m) of the
highway than from 50 up to 800 m toward the interior (post hoc
comparisons, p < 0.1), whereas nest was more likely to be depre-
dated at 50 m in comparison with all the other distance levels (post
hoc comparisons, p < 0.1), except with 800 m distant from the high-
way. Finally, the probability of nest depredation was higher at 25 m
than at 50 m from the highway (p = 0.05).

4 | DISCUSSION

Our results support the hypothesis that roadside edge impacts ar-
tificial nest survival (Khamcha et al., 2018). Although there was a
slight trend toward an increasing predation rate with increasing dis-
tance from the highway, our results indicate that predation of ar-
tificial nests increases with distance from the highway only in the
first 50 m, with no apparent increase in the other distances. In other
words, both the predation and artificial nest success probability
exhibited differences between the edge and interior and a consid-
erable roadside edge effect existed up to a distance of 25-50 m.
A similar pattern of low nest predation up to 25 m from the road
was found in a road with high traffic density bordering woodlands
in the Iberian Peninsula (Pescador & Peris, 2007). This result was
less noticeably near the roads with medium and low traffic density
(Pescador & Peris, 2007) or unpaved roads (DeGregorio et al., 2014),
indicating that traffic density in paved roads can increase the posi-
tive roadside edge effect on nest predation.

Why was artificial nest predation lower near the roadside edge

in this tabuleiro forest? Two hypotheses could explain this pattern:
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TABLE 2 Daily survival rate, standard
error, confidence interval, and apparent

highway (m) rate Standard error interval Nest success X
nest success of groups (distance from the
2 0.997 0.003 0.980-0.999 0.956 highway) estimated by the group effect
25 0.987 0.006 0.967-0.995 0.822 model [S(g)] for artificial nests experiment
50 0.964 0.011 0.935-0.981 0.577 gr::; Sooretama Biological Reserve,
100 0.983 0.008 0.960-0.993 0.773
200 0.981 0.008 0.957-0.991 0.750
400 0.980 0.008 0.957-0.991 0.739
800 0.973 0.009 0.947-0.987 0.663

predation release hypothesis and nonroad-specific edge effects hy-
pothesis. Our results confirmed a key prediction of predation release
hypothesis that suggests a decrease in nest predation attempts near
the roads (DeGregorio et al., 2014; Dziadzio et al., 2016; Fahrig &
Rytwinski, 2009). Therefore, road mortality or mortality risk, and/
or road disturbance (e.g., noise) may be negatively affecting pred-
ator abundance near the road (Downing et al., 2015; Fahrig &
Rytwinski, 2009; Rytwinski & Fahrig, 2013). Some studies in open
habitat types have shown that the densities of many species de-
crease next to roads (Benitez-Lopez et al., 2010; Clark & Karr, 1979;
Fahrig & Rytwinski, 2009; lliner, 1992), which can be a response to
noise (Pescador & Peris, 2007). In addition, road avoidance by forest
birds and mammals can extend hundreds of meters from busy roads
(Benitez-Lopez et al., 2010; Forman & Deblinger, 2000) and bird and
mammals species are important nest predators in the neotropics
(Menezes & Marini, 2017). Our results, however, suggest an edge-
interior space use gradient by predators that extend at least 25 m
into the forest. Therefore, our results support the idea that roads
negatively affect predators.

However, the predation release hypothesis also predicts that
prey are more abundant near the roads (Downing et al., 2015; Fahrig
& Rytwinski, 2009; Rytwinski & Fahrig, 2013). A previous study con-
ducted at the same edge-interior gradient at Sooretama Biological

Reserve found no evidence of edge effects on abundance of bird

TABLE 3 Z-testvalues comparing the

nest survival probabilities among the DS EEE GO

species (Silva, 2015). Therefore, our results only partially support
the predation release hypothesis, suggesting that predation release
advantage for birds may be not compensating negative effects of
the road (road disturbance and mortality or reduced habitat quality).
Although road edges can be a safe place against predators, other
factors not evaluated in the current study may negatively affect the
reproduction of birds near the highways. For example, traffic noise
can make marginal habitats degraded for reproduction (Halfwerk et
al., 2011; Ware et al., 2015).

Alternatively, we can explain the low artificial nest predation
at the forest edge with others factors that are not road-specific.
There is strong evidence of edge effects on vegetation structure
(e.g., reduced tree density and canopy close to the forest edge)
and microclimate (e.g., higher temperature, stronger winds, and
low air humidity at the forest edge than at the interior) (Harper et
al., 2015; Kunert, Aparecido, Higuchi, Santos, & Trumbore, 2015;
Magnago et al., 2015). Changes in vegetation structure can in turn
alter habitat selection (Pasinelli, Grendelmeier, Gerber, & Arlettaz,
2016; Wolfe, Johnson, & Ralph, 2014) and/or foraging efficiency
(Schneider, Low, Arlt, & Part, 2012) by predators, for example, nest
detection by predators may be reduced at the forest edges (Martin
& Roper, 1988; Picman, 1988). Accordingly, nest predation risk can
be associated with vegetation structure or landscape features
(Diaz & Carrascal, 2006; Seibold et al., 2013). Therefore, further

distances from the highway in the BEy () =) Y L ALY Y )
Sooretama Biological Reserve, Brazil 2 z=1.48 z=3.54 z=219 z=217 z=2.18 z=2.83
p=0.14 p<0.01 p=0.03 p=0.03 p=0.03 p<0.01
25 z=1.95 z=0.72 z=0.69 z=0.70 z=1.31
p =0.05 p=0.47 p=0.49 p=0.48 p=0.19
50 z=1.20 z=1.24 z=1.22 z=0.61
p=0.23 p=0.22 p=0.22 p=0.54
100 z=0.03 z=0.02 z=0.58
p=0.97 p=0.99 p=0.56
200 z=0.02 z=0.62
p=0.99 p=0.54
400 z=0.60
p =0.55

Bold values indicate significant results for Z-tests.
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FIGURE 3 Nest success (+SD) of artificial nests in relation to
their distance (m) from highway BR-101 in the Sooretama Biological
Reserve, Brazil

studies are needed to disentangle the roadside-specific edge ef-
fects on nest predation from other edge effects not necessarily
to roads.

Although the short distance up to which artificial success prob-
ability was affected by the highway (of 25 up to 50 m) may seem of
little importance in terms of impacts, in regard to linear structures
such as roads, this effect must be considered on a scale of hun-
dreds to thousands of square kilometers where this road is located.
These effects are therefore important for sites whose goals include
preservation and the avoidance of impacts and for protected areas
crossed by roads that have some of their protection functions dis-
rupted by road impacts, as in the case of SBR. Our results are par-
ticularly important because SBR is the largest continuous area of
tabuleiro forest in the Atlantic forest, and recognized by its species
richness, trophic complexity, and refuge for threatened species (re-
viewed in Magnago et al., 2015). We encourage further studies to
address the effect of road with different widths and traffic noise
on nest survival. This would help road ecologists to better predict
road-upgrading impacts on nest survival.

We conclude that the highway BR-101 affects the success proba-
bility of artificial nests within a tabuleiro, Atlantic forest. We suggest
that species reproducing between two and 25 m from the highway
may attain greater reproductive success. We partially support the
predation release hypothesis, which predicts that the impacts of
the highway (e.g., noise, vibration, visual stimuli) cause predators to

avoid the road's surroundings when selecting their feeding sites.

ACKNOWLEDGMENTS

This study was funding by FAPES (Foundation for the Support of
Research of Espirito Santo) [grant number 61901857/2013] and
Coordenacdo de Aperfeicoamento de Pessoal de Nivel Superior—
Brasil (CAPES) [Postdoctoral scholarship to PD under grant number
1789806]. We thank the Instituto Chico Mendes de Conservacéo
da Biodiversidade (ICMBio) for their permission to this study in

Fcology and Evolution o 7407
& WILEY- 7

SBR [number 44047-1]. We thank the SBR Chief, Eliton Lima, and
Environmental Analysts, Valdir Martins and Marcel Redling Moreno.
We thank the team of the SBR for the support in the logistic to con-
duct this study in SBR. We also thank José Nilton da Silva and Juliana
Kriger Arpini for the help in fieldwork, and Vitor Roberto Schettino
for map building.

CONFLICT OF INTEREST

None declared.

AUTHOR CONTRIBUTIONS

GRS conceived the ideas and collected the data; AB and CD con-
ceived the ideas and designed experiment; GRS, PD, and CD ana-
lyzed the data and led the writing of the manuscript. All authors
contributed critically to the drafts and gave final approval for

publication.

DATA ACCESSIBILITY

Data associated with this manuscript will be uploaded to Dryad
Digital Repository.

ORCID

Pedro Diniz https://orcid.org/0000-0002-3193-6376

Charles Duca https://orcid.org/0000-0003-3903-8260

REFERENCES

Alvares, C. A., Stape, J. L., Sentelhas, P. C., Gongalves, J. L. M., &
Sparovek, G. (2013). Koéppen's climate classification map for
Brazil. Meteorologische Zeitschrift, 22, 711-728. https://doi.
org/10.1127/0941-2948/2013/0507

Arbeiter, S., & Franke, E. (2018). Predation risk of artificial ground nests
in managed floodplain meadows. Acta Oecologica, 86, 17-22. https://
doi.org/10.1016/j.actao.2017.11.012

Askins, R. A. (1995). Hostile landscapes and the decline of migra-
tory songbirds. Science, 267, 1956-1957. https://doi.org/10.1126/
science.267.5206.1956

Batary, P., & Baldi, A. (2004). Evidence of an edge effect on avian
nest success. Conservation Biology, 18, 389-400. https://doi.
org/10.1111/j.1523-1739.2004.00184.x

Benitez-Lépez, A., Alkemade, R., & Verweij, P. A. (2010). The impacts of
roads and other infrastructure on mammal and bird populations: A
meta-analysis. Biological Conservation, 143, 1307-1316. https://doi.
org/10.1016/j.biocon.2010.02.009

Benjamini, Y., & Hochberg, Y. (1995). Controlling the false discovery
rate: A practical and powerful approach to multiple testing. Journal
of the Royal Statistical Society: Series B (Methodological), 57, 289-300.
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x

Burnham, K. P., & Anderson, D. R. (2002). Model selection and multimodel
inference: A practical information-theoretic approach (2nd ed.). New
York, NY: Springer-Verlag.

Chalfoun,A.D., Thompson,F.R.,&Ratnaswamy,M.J.(2002).Nestpredators
and fragmentation: A review and meta-analysis. Conservation Biology,
16, 306-318. https://doi.org/10.1046/j.1523-1739.2002.00308.x


https://orcid.org/0000-0002-3193-6376
https://orcid.org/0000-0002-3193-6376
https://orcid.org/0000-0003-3903-8260
https://orcid.org/0000-0003-3903-8260
https://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.1127/0941-2948/2013/0507
https://doi.org/10.1016/j.actao.2017.11.012
https://doi.org/10.1016/j.actao.2017.11.012
https://doi.org/10.1126/science.267.5206.1956
https://doi.org/10.1126/science.267.5206.1956
https://doi.org/10.1111/j.1523-1739.2004.00184.x
https://doi.org/10.1111/j.1523-1739.2004.00184.x
https://doi.org/10.1016/j.biocon.2010.02.009
https://doi.org/10.1016/j.biocon.2010.02.009
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1046/j.1523-1739.2002.00308.x

DA SILVA ET AL.

7408 WI LEY—ECOlOgy and Evolution

Open Access,

Clark, W. D., & Karr, J. R. (1979). Effects of highways on red-winged
blackbird and horned lark populations. Wilson Bulletin, 91, 143-145.

Coelho, L. H. L. (1999). Influence of linear habitats in mammal activity:
Test of travel lanes hypothesis. Revista Brasileira De Biologia, 59,
55-58.

Coffin, A. W. (2007). From roadkill to road ecology: A review of the eco-
logical effects of roads. Journal of Transport Geography, 15, 396-406.
https://doi.org/10.1016/j.jtrange0.2006.11.006

Cooch, E., & White, G. (2012). Program mark: A gentle introduction (11th
ed.). Fort Collins, CO: Colorado State University.

Cox, W. A., Thompson lll, F. R., & Faaborg, J. (2012). Landscape forest
cover and edge effects on songbird nest predation vary by nest
predator. Landscape Ecology, 27, 659-669. https://doi.org/10.1007/
s10980-012-9711-x

De Oliveira, P. R. R., Alberts, C. C., & Francisco, M. R. (2011). Impact of
road clearings on the movements of three understory insectivorous
bird species in the Brazilian Atlantic Forest. Biotropica, 43, 628-632.
https://doi.org/10.1111/j.1744-7429.2010.00744.x

DeGregorio, B. A., Weatherhead, P. J., & Sperry, J. H. (2014). Power
lines, roads, and avian nest survival: Effects on predator identity and
predation intensity. Ecology and Evolution, 2045-7758. https://doi.
org/10.1002/ece3.1049

Develey, P. F., & Stouffer, P. C. (2001). Effects of roads on move-
ments by understory birds in mixed-species flocks in central
Amazonian Brazil. Conservation Biology, 15, 1416-1422. https://doi.
org/10.1046/j.1523-1739.2001.00170.x

Diaz, L., & Carrascal, L. M. (2006). Influence of habitat structure
and nest site features on predation pressure of artificial nests in
Mediterranean oak forests. Ardeola, 53, 69-81.

Dinsmore, S. J., White, G. C., & Knoff, F. L. (2002). Advanced techniques
for modeling avian nest survival. Ecology, 83, 3476-3488. https://doi.
org/10.1890/0012-9658(2002)083[3476:ATFMAN]2.0.CO;2

Downing, R. J., Rytwinski, T., & Fahrig, L. (2015). Positive effects of
roads on small mammals: A test of the predation release hypoth-
esis. Ecological Research, 30, 651-662. https://doi.org/10.1007/
$11284-015-1264-4

Duca, C., Gongalves, J., & Marini, M. A. (2001). Predacdo de ninhos
artificiais em fragmentos de matas de Minas Gerais. Ararajuba, 9,
113-117.

Dziadzio, M. C., Smith, L. L., Chandler, R. B., & Castleberry, S. B. (2016).
Effect of nest location on gopher tortoise nest survival. Journal of
Wildlife Management, 80, 1314-1322. https://doi.org/10.1002/
jwmg.21116

Fahrig, L., & Rytwinski, T. (2009). Effects of roads on animal abundance:
An empirical review and synthesis. Ecology and Society, 14, 21.
https://doi.org/10.5751/ES-02815-140121

Fearnside, P. M. (1990). Rondénia: Estradas que levam a devastacéo.
Ciéncia Hoje, 11, 46-52.

Forman, R. T., & Deblinger, R. D. (2000). The ecological road-effect zone
of a Massachusetts (USA) suburban highway. Conservation Biology,
14, 36-46. https://doi.org/10.1046/j.1523-1739.2000.99088.x

Forman, T. T. R., & Alexander, L. E. (1998). Roads and their major ecolog-
ical effects. Annual Reviewof Ecology and Systematics, 29, 207-231.
https://doi.org/10.1146/annurev.ecolsys.29.1.207

Franca, L. C., & Marini, M. A. (2009). Teste do efeito de borda na pre-
dagdo de ninhos naturais e artificiais no Cerrado. Zoologia, 26, 241-
250. https://doi.org/10.1590/51984-46702009000200006

Freitas, S. R., Hawbaker, T. J., & Metzger, J. P. (2010). Effects of roads,
topography, and land use on forest cover dynamics in the Brazilian
Atlantic Forest. Forest Ecology and Management, 259, 410-417.
https://doi.org/10.1016/j.foreco.2009.10.036

Gates, J. E., & Gysel, L. W. (1978). Avian nest dispersion and fledging
success in field-florest ecotones. Ecology, 59, 871-883.

Halfwerk, W., Holleman, L. J. M., Lessells, C. M., & Slabbekoorn, H.
(2011). Negative impact of traffic noise on avian reproductive

success. Journal of Applied Ecology, 48, 210-219. https://doi.
org/10.1111/j.1365-2664.2010.01914.x

Harper, K. A., Macdonald, S. E., Mayerhofer, M. S., Biswas, S. R., Esseen,
P.-A., Hylander, K., ... Bergeron, Y. (2015). Edge influence on vegeta-
tion at natural and anthropogenic edges of boreal forests in Canada
and Fennoscandia. Journal of Ecology, 103, 550-562. https://doi.
org/10.1111/1365-2745.12398

Hensler, L., & Nichols, D. J. (1981). The Mayfield of estimating nesting
success: A model, estimators and simulation result. Wilson Bulletin,
93,42-53.

Hothorn, T., Bretz, F., & Westfall, P. (2008). Simultaneous inference in
general parametric models. Biometrical Journal, 50, 346-363. https://
doi.org/10.1002/bim;j.200810425

IBDF & FBCN (1981). Plano de manejo - Reserva Bioldgica de Sooretama.
Brasilia, Brazil: IBDF.

lliner, H. (1992). Effect of roads with heavy traffic on grey partridge
(Perdix perdix) density. Gibier Faune Sauvage, 9, 467-480.

Khamcha, D., Richard, T., Corlett, R. T., Powell, L. A., Savini, T., Lynam,
A. J., & Gale, G. A. (2018). Road induced edge effects on a forest
bird community in tropical Asia. Avian Research, 9, 20. https://doi.
org/10.1186/s40657-018-0112-y

Kunert, N., Aparecido, L. M. T, Higuchi, N., dos Santos, J., & Trumbore, S.
(2015). Higher tree transpiration due to road-associated edge effects
in a tropical moist lowland forest. Agricultural and Forest Meteorology,
213, 183-192. https://doi.org/10.1016/j.agrformet.2015.06.009

Lahti, D. C. (2001). The "edge effect on nest predation" hypothesis
after twenty years. Biological Conservation, 99, 365-374. https://doi.
org/10.1016/S0006-3207(00)00222-6

Laurance, W. F., Goosem, M., & Laurance, S. G. W. (2009). Impacts of
roads and linear clearings on tropical forests. Trends in Ecology &
Evolution, 24, 659-669. https://doi.org/10.1016/j.tree.2009.06.009

Lenth, R. V. (2016). Least-squares means: The R package Ismeans. Journal
of Statistical Software, 69, 1-33.

Luo, X., Zhao, Y.-Z., Ma, J,, Li, J.-Q., & Xu, J.-L. (2017). Nest survival rate
of Reeves'’s pheasant (Syrmaticus reevesii) based on artificial nest ex-
periments. Zoological Research, 38, 49-54.

Magnago, L. F. S., Rocha, M. F., Meyer, L., Martins, S. V., & Meira-Neto, J.
A.A.(2015). Microclimatic conditions at forest edges have significant
impacts on vegetation structure in large Atlantic forest fragments.
Biodiversity and Conservation, 24, 2305-2318.

Marini, M. A., Robison, S. K., & Heske, E. J. (1995). Edge effects on nest
predation in the Shawnee National forest, Southern llinois. Biological
Conservation, 74, 203-313.

Marques-Santos, F., Braga, T. V., Wischhoff, U., & Roper, J. J. (2015).
Breeding biology of passerines in the subtropical Brazilian Atlantic
Forest. Ornitologia Neotropical, 26, 363-374.

Martin, T. E., & Roper, J. J. (1988). Nest predation and nest-site selection
of a western population of the hermit thrush. The Condor, 90, 51-57.
https://doi.org/10.2307/1368432

Mayfield, H. F. (1975). Suggestions for calculating nest success. Wilson
Bulletin, 87, 456-466.

Menezes, J. C. T., & Marini, M. A. (2017). Predators of bird nests in the
Neotropics: A review. Journal of Field Ornithology, 88, 99-114. https://
doi.org/10.1111/jof0.12203

Pasinelli, G., Grendelmeier, A., Gerber, M., & Arlettaz, R. (2016). Rodent-
avoidance, topography and forest structure shape territory selec-
tion of a forest bird. BMC Ecology, 16, 24. https://doi.org/10.1186/
$12898-016-0078-8

Paula, A., & Soares, J. (2011). Estrutura horizontal de um trecho de
floresta ombréfila densa das terras baixas na Reserva Bioldgica
de Sooretama, Linhares, ES. Floresta, 41, 321-334. https://doi.
org/10.5380/rf.v41i2.21880

Peixoto, A. L., Silva, I., Pereira, O. J., Simonelli, M., Jesus, R. M., & Rolim,
S. G. (2008). Tabuleiro forests north of the Rio Doce: Their represen-
tation in the vale do Rio Doce Natural Reserve, Espirito Santo, Brazil


https://doi.org/10.1016/j.jtrangeo.2006.11.006
https://doi.org/10.1007/s10980-012-9711-x
https://doi.org/10.1007/s10980-012-9711-x
https://doi.org/10.1111/j.1744-7429.2010.00744.x
https://doi.org/10.1002/ece3.1049
https://doi.org/10.1002/ece3.1049
https://doi.org/10.1046/j.1523-1739.2001.00170.x
https://doi.org/10.1046/j.1523-1739.2001.00170.x
https://doi.org/10.1890/0012-9658(2002)083[3476:ATFMAN]2.0.CO;2
https://doi.org/10.1890/0012-9658(2002)083[3476:ATFMAN]2.0.CO;2
https://doi.org/10.1007/s11284-015-1264-4
https://doi.org/10.1007/s11284-015-1264-4
https://doi.org/10.1002/jwmg.21116
https://doi.org/10.1002/jwmg.21116
https://doi.org/10.5751/ES-02815-140121
https://doi.org/10.1046/j.1523-1739.2000.99088.x
https://doi.org/10.1146/annurev.ecolsys.29.1.207
https://doi.org/10.1590/S1984-46702009000200006
https://doi.org/10.1016/j.foreco.2009.10.036
https://doi.org/10.1111/j.1365-2664.2010.01914.x
https://doi.org/10.1111/j.1365-2664.2010.01914.x
https://doi.org/10.1111/1365-2745.12398
https://doi.org/10.1111/1365-2745.12398
https://doi.org/10.1002/bimj.200810425
https://doi.org/10.1002/bimj.200810425
https://doi.org/10.1186/s40657-018-0112-y
https://doi.org/10.1186/s40657-018-0112-y
https://doi.org/10.1016/j.agrformet.2015.06.009
https://doi.org/10.1016/S0006-3207(00)00222-6
https://doi.org/10.1016/S0006-3207(00)00222-6
https://doi.org/10.1016/j.tree.2009.06.009
https://doi.org/10.2307/1368432
https://doi.org/10.1111/jofo.12203
https://doi.org/10.1111/jofo.12203
https://doi.org/10.1186/s12898-016-0078-8
https://doi.org/10.1186/s12898-016-0078-8
https://doi.org/10.5380/rf.v41i2.21880
https://doi.org/10.5380/rf.v41i2.21880

DA SILVA ET AL.

(pp. 319-350). New York, NY: Memoirs of the New York Botanical
Garden.

Peixoto, A. L., & Simonelli, M. (2007). Florestas de tabuleiro. In M.
Simonelli & C. N. Fraga (Eds.), Espécies da flora ameacadas de extin¢do
no estado do Espirito Santo (1st ed., pp. 33-44). Vitéria, Brazil: IPEMA.

Pescador, M., & Peris, S. J. (2007). Influence of roads on bird nest pre-
dation: An experimental study in the Iberian Peninsula. Landscape
and Urban Planning, 82, 66-71. https://doi.org/10.1016/j.
landurbplan.2007.01.017

Picman, J. (1988). Experimental study of predation on eggs of ground-
nesting birds: Effects of habitat and nest distribution. The Condor, 90,
124-131. https://doi.org/10.2307/1368441

R Core Team (2017). R: A language and environment for statistical comput-
ing. Vienna, Austria: R Foundation for Statistical Computing. https://
www.R-project.org/

Reijnen, R., Foppen, R., TerBraak, C., & Thissen, J. (1995). The effects of
car traffic on breeding bird populations in woodland. Ill. Reduction
on density in relation to the proximity of main roads. Journal of
Applied Ecology, 32, 187-202.

Rytwinski, T., & Fahrig, L. (2013). Why are some animal populations un-
affected or positively affected by roads? Oecologia, 173, 1143-1156.

Schneider, N. A, Low, M., Arlt, D., & Part, T. (2012). Contrast in edge
vegetation structure modifies the predation risk of natural ground
nests in an agricultural landscape. Plos One, 7, 1-6. https://doi.
org/10.1371/journal.pone.0031517

Seibold, S., Hempel, A., Piehl, S., Bassler, C., Brandl, R., Rosner, S., &
Muller, J. (2013). Forest vegetation structure has more influence
on predation risk of artificial ground nests than human activities.
Basic and Applied Ecology, 14, 687-693. https://doi.org/10.1016/j.
baae.2013.09.003

Sick, H. (2001). Ornitologia Brasileira. Rio de Janeiro, Brazil: Editora Nova
Fronteira.

Silva, J. N.(2015). Impactos de rodovias sobre a comunidade de aves em uma
drea de mata atldntica no Brasil. Dissertacao de Mestrado em Ecologia
de Ecossistemas. Universidade Vila Velha, ES.

Fcology and Evolution o 7409
& WILEY- L7

Trombulak, C. S., & Frissel, A. C. (2000). Review of ecological effects of
roads on terrestrial and aquatic communities. Conservation Biology,
14, 18-30. https://doi.org/10.1046/j.1523-1739.2000.99084.x

Vetter, D., Riicker, G., & Storch, I. (2013). A meta-analysis of tropical for-
est edge effects on bird nest predation risk: Edge effects in avian
nest predation. Biological Conservation, 159, 382-395. https://doi.
org/10.1016/j.biocon.2012.12.023

Ware, H. E., McClure, C. J. W., Carlisle, J. D., & Barber, J. R. (2015). A
phantom road experiment reveals traffic noise is an invisible source
of habitat degradation. Proceedings of the National Academy of
Sciences of the United States of America, 112, 12105-12109. https://
doi.org/10.1073/pnas.1504710112

Watson, J. E., Whittaker, R. J., & Dawson, T. P. (2004). Habitat structure
and proximity to forest edge effect the abundance and distribution
of forest-dependent birds in tropical coastal forest of southeastern
Madagascar. Biological Conservation, 120, 311-327.

Wilcove, D. S., Mclellan, C. H., & Dobson, A. P. (1986). Habitat fragmenta-
tion in the temperate zone. In M. E. Soulé (Ed.), Conservation biology,
the science of scarcity and diversity (pp. 237-256). Sunderlande, UK:
Sinauer.

Wolfe, J. D., Johnson, M. D., & Ralph, C. J. (2014). Do birds select habi-
tat or food resources? Nearctic-neotropic migrants in Northeastern
Costa Rica. PLoS One, 9, 86-221. https://doi.org/10.1371/journal.
pone.0086221

Zabala, J., Zuberogoitia, |., Martinez-Climent, J. A., Martinez, J. E.,
Azkona, A., Hidalgo, S., & Iraeta, A. (2006). Occupancy and abun-
dance of Little Owl Athene noctua in an intensively managed forest
area in Biscay. Ornis Fennica, 83, 97-107.

How to cite this article: da Silva GR, Diniz P, Banhos A, Duca C.
Positive roadside edge effects on artificial nest survival in a
lowland Atlantic Forest. Ecol Evol. 2019;9:7402-7409. https://
doi.org/10.1002/ece3.5158



https://doi.org/10.1016/j.landurbplan.2007.01.017
https://doi.org/10.1016/j.landurbplan.2007.01.017
https://doi.org/10.2307/1368441
https://www.R-project.org/
https://www.R-project.org/
https://doi.org/10.1371/journal.pone.0031517
https://doi.org/10.1371/journal.pone.0031517
https://doi.org/10.1016/j.baae.2013.09.003
https://doi.org/10.1016/j.baae.2013.09.003
https://doi.org/10.1046/j.1523-1739.2000.99084.x
https://doi.org/10.1016/j.biocon.2012.12.023
https://doi.org/10.1016/j.biocon.2012.12.023
https://doi.org/10.1073/pnas.1504710112
https://doi.org/10.1073/pnas.1504710112
https://doi.org/10.1371/journal.pone.0086221
https://doi.org/10.1371/journal.pone.0086221
https://doi.org/10.1002/ece3.5158
https://doi.org/10.1002/ece3.5158

