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Worldwide understorey nesting bird species such as bulbuls can also be highly vulnerable to nest
predation in disturbed landscapes because they breed mainly on the lower stage of the forest. We test
the following hypotheses: the transformation of forests into alternative land use systems and the
vegetation’s variables at the nesting sites will affect the understorey nest predation rates. The nests of
12 understorey bird species were surveyed and vegetation variables were measured within five types of
habitats along a gradient of increasing forest destruction in the north-eastern peripheral zone of the
Korup National Park in Cameroon. Only the open-cup nest type suffers from predation, mostly egg
predation. The general linear mixed model analysis suggests that the types of habitat do not affect nest
daily predation rate which decreases with increasing trees and understorey plant density. The most
deleterious impact of deforestation in this study area is the reduction of nesting sites whose
characteristics remain unchanged across the landscape. These results underscore the need to give
understorey nesting species, as well as other particularly sensitive groups, special consideration within
conservation strategies such as the reduced-impact logging techniques.
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INTRODUCTION

Tropical forests have been destroying in at an alarming species richness and abundance have severe extinction
rate (Sodhi et al., 2004). Yet, the mechanisms of how rates because of habitat loss and overexploitation
forest modification affects the biodiversity destruction of (Bradshaw et al., 2009; Cordeiro et al., 2015). There is
African tropical rainforest regions are less well known evidence that habitat loss and alterations of species
(Norris et al.,, 2010; Newmark and Stanley, 2011; interaction are the major impacts of land use changes on

Newbold et al., 2015). These regions with high wildlife bird populations (Cordeiro et al., 2015). Accordingly,
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extinctions of some forest birds resulting from direct or
indirect consequences of deforestation have been
recorded from various tropical regions (Castelletta et al.,
2000; Sodhi et al., 2004). Understorey birds are within
the most vulnerable of the forest bird communities
because their nests are the most exposed to diverse
predators species (Bellamy et al., 2018) as compared to
canopy nesters in some study areas (Martin, 1993a).
Furthermore, some evidence in tropical forests showed
that off-ground nests are generally less predated than
ground nests (Pangau-Adam et al., 2006; Bobo, 2007).
Nest survival within a tropical understorey bird
community in a fragmented landscape is affected by
many environmental factors (Newmark and Stanley,
2011; Aldinger et al., 2015). Nest predation seems to be
the primary cause of nest failure among birds. Many
studies have registered increased rates of nest predation
in fragmented habitats (Githiru et al., 2005; Newmark and
Stanley, 2011) due to higher densities of predators and
reduced food availability in that landscapes (Chalfoun et
al., 2002). Predation is also an important and ubiquitous
selective force that can determine habitat preferences of
prey species (Chalfoun and Martin, 2009) and it has been
considered as an influential force in the evolution of an
avian life-history trait (Bradley and Marzluff, 2003).
Evaluating the theory of the negative roles of tropical
forests fragmentation on avian nesting success has
always been a complex task because nests are
concealed in tropical forests and are very difficult to
localize (Tewksbury et al., 2006; Newmark and Stanley,
2011). From this, artificial nest experiments have often
been used (Posa et al. 2007; Vergara and Simonetti
2004). These studies compare disturbed and non-
disturbed habitats. They do not look at the effect of a
gradient of increasing habitat destruction on predation.
Also, they do not evaluate the negative or positive
influences of vegetation variables on predation. Although,
many studies on the bird nest predation have been
carried out in Americas (Bradley and Marzluff, 2003;
Vergara and Simonetti, 2004; Debus, 2006; Tewksbury et
al., 2006), only a few of them are devoted in Africa
(Djomo et al., 2014; Githiru et al., 2005; Newmark and
Stanley, 2011). To the best of our knowledge, only two
studies have been carried out in the “Guineo Congolese”
area (Djomo et al., 2014) which considered predation on
artificial nests. So, the real effects of forest destruction on
natural nests remains less clear. The purpose of our
research is to examine the effects of types of habitats on
understorey avian nest predation within an Afrotropical
understorey bird community. In this analysis, we compare
the number of active nests found and the predation rates
of open-cup nests between natural forests (near primary
forest and old secondary forest) and modified habitats
(disturbed forest, cocoa/coffee plantations and annual
crop food fields) in one hand and between breeding
phases (which are egg laying, incubation and nestling
phases) in another hand. Additionally, the study
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investigates the influences of the vegetation parameters
on daily predation rate. Based on other studies in similar
ecosystems in Africa (Githiru et al., 2005) and South
America (Vergara and Simonetti, 2003; Brawn et al.,
2011), our hypothesis is that nest predation rates will
increase with the gradient of increasing forest destruction
and nest loss will be greatest in the nestling stage. In
accordance with other studies (Dion et al., 2000; Estrada
et al.,, 2002; Debus, 2006), we also hypothesize that in
our study area, some nest sites features such as the
density of trees, the canopy cover, etc. will significantly
affect the depredation levels with more concealed nest
sites being less predated (Vergara and Simonetti, 2004).

MATERIALS AND METHODS
Study area

The study sites (Mgbegati, Abat and Basu), found between
5°21’18”-5°2538" N and 9°06'29"-9°1507” E, are in the
Northeastern peripheral zone of Korup National Park (KNP)
Southwest Region of Cameroon and are a legal entity in the
management of KNP (Figure 1). It is the only extensive forest of
western central Africa that originally spread from the Niger delta
eastwards to Cameroon and South through Equatorial Guinea and
Gabon. Located in the centre of the Guinea Congolese forest
refugium, Korup is made up of four different forests (Atlantic Biafran
Forest, Swamp Forest, Piedmont Forest and Sub-montane Forest)
(Thomas, 1995). Our study sites are in the Piedmont Forest.
Shifting cultivation is practised on farming areas which are
associated with different forest types. Both food crops and cash
crops are produced.

The study area encompasses the following broadly defined types
of habitat: (1) primary forest (PFO), which is the natural forest with
about 570 trees/ha (Waltert et al.,, 2005) and very little or no
anthropogenic activities; the dominant tree species are Oubanguia
alata, Gilbertiodendron demonstrans and Dichostema glaucescens;
(2) old secondary forest (OSF), with about 530 trees/ha (Waltert et
al. 2005) and where anthropogenic impacts are present but more
than in PFO; Elaeis guineensis, Rauvolfia vomitoria, Pycnanthus
angolensis and Barteria fistulosa constitute the main tree species;
(3) disturbed forests (DFO), where logging was executed within 5
years prior to the study period; (4) cocoal/coffee plantations (CCP),
with about 377,8 trees/ha (cocoa/coffee trees excluded) (Waltert et
al., 2005) and where the land has been used for cocoa/coffee
production, with few natural trees remaining; the dominant tree
species are Coffea/Theobroma, Elaeis guineensis, Dacryodes
edulis, Rauvolfia vomitoria and Funtumia elastic; (5) annual crops
fields (ACF), where the land has been used for subsistence crops
production (cassava, yams, maize, groundnut, etc.), with about
107,8 trees/ha (Waltert et al., 2005); E. guineensis, Ricinodendron
heudelotii and Rauvolfia vomitoria are the main tree species. Each
of the above habitats constitutes a stratum (Figure 1). The avifauna
is a typical lowland rainforest, with more than 184 species restricted
to this biome (Fishpool and Evans, 2001) and 420 species recorded
(Rodewald et al., 1994). Particularly diverse groups are flycatchers
(Muscicapidae), OIld World Warblers (Sylviidae), Bulbuls
(Pycnotidae), Sunbirds (Nectariniidae), and Weavers (Ploceidae).

Study design and data collection

The study was based on a total of 30 200 m x 200 m plots, six plots
in each of five pre-classified habitats, primary forest, secondary
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Figure 1. The study area.

forest, disturbed forest, cocoa/coffee plantations and annual culture
fields (Figure 1). The plots were demarcated randomly within each
habitat with at least 0.5 km between plots (Bobo, 2004). The period
from April to August 2013 (within the wet season) corresponds to
the nesting season of understorey nesting bird of this region (Serle,
1981). Nests between 0 and 2 m height were localized using direct
searching in the shrub and lianas in accordance with the observed
behaviour of adult birds. Each nest was monitored until the nesting
attempt failed or the young fledged successfully. Nests searching
had been carried out for five days per week. Each located nest was
marked with flags at least 5 m from the nest (Dion et al., 2000) and
visited every three days (Buler and Hamilton, 2000). At each visit,
nests were examined for signs of predation, including missing,
dead, or partially consumed young, broken eggs and disturbed nest
bowls. Predation was presumed to be the cause of nest failure
when the nest had disappeared, was torn apart or when the entire
contents of the nest were absent (Newmark and Stanley, 2011). It
is assumed that the young would have fledged if signs of predation
were absent and if nestlings were close to fledging during the
previous visit (Dion et al., 2000). We specially named as “Egg +
chick predation” a case of predation in which we could not
determine which stage it happened. Bird species were identified
with a reference field guide to African birds (Borrow and Demey,
2008).

To test the hypothesis that the vegetation parameters would
influence the daily predation rate of the understorey bird nests, nest
habitat features over two scales were measured. One scale
consisted of the plants that supported the nests, the nest's position
inside the plants and the immediate surroundings of the nesting site
(microhabitat). The second scale covered the vegetation patch
surrounding the nest (mesohabitat) (Mezquida, 2004). At the level
of the microhabitat, information was collected based on the

modification of the method of (Dion et al., 2000) and the method of
Wray and Whitmore (1979) so as to note three indicators of nest-
site vegetation since only shrub nests were found. At each nest
depredated or fledged young, four 1 m bamboo poles serving as
sample sticks were positioned horizontally on the ground around
the nest. These bamboo poles formed a square plot with a nest at
its centre. The first indicator was the percentage of vegetation cover
around the nests which was visually estimated at the nearest 5%.
The second was the maximum height of the vegetation above the
nest which was estimated by observing the last contact of the plant
with a one-metre pole placed on the nest and the third was the
horizontal density of the trees based on the number of stems in the
above-defined square. The following set of variables were also
measured for all nests. These include the type of the supporting
plant (liana or shrub), the height (estimated with the metre) of the
nest on the supporting plant and the total visibility of the nest or
concealment category (subjective score ranked from 0 = low to 3 =
high). The latter was obtained as a sum of horizontal and vertical
concealment (each scored as 0 = nest well visible from most
directions; 1 = intermediate; 2 = nest not visible in any direction
from a distance of c. 1 m) (Weidinger, 2002; Remes, 2005). Finally,
nest concealment scores (that is after the sum) were up to 10 (the
highest score) for some nests

At the mesohabitat scale, the methods of Bobo et al. (2006) were
adapted to sample the plant's parameters such as density and the
basal area. Firstly, each of the above plots was divided into 400 (10
m x 10 m) subplots for overstorey plants data recorded. Then, 20
study plots were chosen systematically from the previous subplots
so that, the distance between two subplots of the same line is 30 m
and the distance between two lines containing the study subplots is
50 m (Additional File Figure S1). This resulted in a total of 600
subplots covering a sampling area of 60 000 m2. Overstorey plants



are defined as all trees of more than 10 cm in diameter at 1.3 m
height (DBH) and understorey plants being all vascular plants of
less than 1.3 m height as well as grasses etc. One m2 (1 m x 1 m)
quadrat was demarcated at the centre of each study subplot to
collect understorey plants data. In agroforestry sites, cocoa/coffee
trees were not measured, but their numbers (based on 3 m x 3 m
as space for a cocoa/coffee tree) and size classes were estimated
for each plot. All plants species were counted and identified at the
morpho-species level. Only the most common trees and
understorey plants were identified at the species level.

The classes of canopy cover were described as Clark and Clark
(1992). Therefore, crown illumination indexes (or classes) were
recorded for all trees placed at the corners (four) and the centre of
each study subplot and the most encountered index were then
adopted for the entire subplot. This index scores the source and
relative amount of crown lighting. They are broadly equivalent to the
estimation of canopy closure and are measured on an ordinal scale
(Jennings et al., 1999) that is: Class 1, Class 1.5, Class 2, Class
2.5, Class 3, Class 4 and Class 5 where Class 1 is highest canopy
cover and Class 5 is no canopy cover (Jennings et al., 1999)
(Additional file Explanation Notes).

Statistical analyses

During the analyses, a nest was considered as an individual and
only the predation of open nests types was considered because the
sample size of enclosed nests was very small (only 4). Although
these are built by different species, these nests were generally cup-
shaped and were constructed on either shrubs or lianas so they
would likely experience similar predation rates (Auer et al., 2007).
Also, there were not significant differences between the clutch sizes
of these understorey-nesting birds’ species (Kruskal-Wallis x*=
17.261, df = 10, p = 0.068).

The daily predation rates (DPR) in different types of habitat were
estimated using the adaptation of the logistic exposure model
(Shaffer, 2004). The latter was implemented in R using a
complementary log-log link with the package MASS (Venables and
Ripley, 2002). The predation rates were also performed using the
adaptation of the nesting success formula (Mayfield, 1975) as the
predation of nests being the result of exposure events.

The Kruskal-Wallis rank sum test was performed to compare the
mean number of nests between habitat types (Hollander et al.,
2014). This test was also used to compare the mean DPR between
types of habitat as well as to verify the dependence between types
of predation (eggs and nestlings) and the types of habitat
(Hollander et al., 2014). The Chi-Squared Test of equality of
proportions with Yates’ correction (Yates, 1934) was conducted to
compare the proportions of predated nests between different types
of habitats and breeding stages (Wilson, 1927).

The effects of habitats and features of habitats on birds’ nests
predation were assessed using the generalized linear mixed
models (GLMM) in which species had random effects and
vegetation variables and habitat types (selected in the best model
using the AIC) viewed as fixed effects (Table 1) (McCullagh and
Nelder, 1989). Only the vegetation variables that appeared in the
best model was included in the GLMM. Vegetation variables
included in the models were first transformed using the square root
transformation techniques after Kolmogorov test (Conover, 1972).
Mixed-effects models were created using package Ime4 (Bates et
al., 2014), with the explanatory variables incorporated as nested
(hierarchical) Fixed effects and types of habitats as random effects
(Table 1).

Akaike’s information criterion (AIC) Burnham and Anderson,
(2003) was used to derive best fit top models in package
AlCcmodavg (Mazerolle, 2016) that is, models having variables that
best explain the variation of the DPR. This calculated an AlCc (bias-
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adjusted AIC for small sample sizes), AAICc (AlCc of the alternative
model —AICc of best models) and Akaike weight (wi) for each
candidate model. We, first of all, choose several models by AIC in a
Stepwise Algorithm (Venables and Ripley, 2002). Top fit models
were chosen where there was enough strength of evidence to reject
the alternative models. This was defined as the best model having
an Akaike weight greater than that of the alternative models
(Symonds and Moussalli, 2011).

Furthermore, to indirectly evaluate the factors stimulating the
nesting sites choice of these birds along the gradient of increasing
forest destruction, the mean trends of vegetation parameters having
significant influences on the DPR were accessed using the
Jonckheere-Terpstra test, an ordered non parametric test (Terpstra,
1952; Jonckheere, 1954) with the package “clinfun” version 1.0.14
(Seshan, 2017). All these analyses were performed in the R-Core
software version 3.4.1 (R Foundation for Statistical Computing,
2017).

RESULTS
Active nests monitored in different types of habitat

During the 2013 breeding season, we located and
monitored 60 active nests of 12 understorey nesting bird
species distributed inconsistently across the five habitats
under studied (Table 2). All these nests were off the
ground and were open-cup (56 nests) or enclosed (4
nests). No ground nests were found. The 56 open-cup
nests surveyed belong to 11 different species and did not
differ significantly along the gradient of increasing forest
destruction (Kruskal-Wallis x“ = 8.5195, df =4, p = 0.074)
although they seemed to be highest in the secondary
forest.

Nest predation rates according to types of habitat
and breeding phases

About 241 observations were made on the nests and only
the open-cup nests were predated. About 47% of the
open-cup nests monitored were predated. The
proportions of predated nests did not vary significantly
between types of habitats ()(2 =4.192; df = 4; p = 0.381).
However, the highest number of predated nests (43%)
was found in the old secondary forest and the lowest in
Annual culture farms (4%) (Figure 2A). Egg predation
(77.78%), chick predation (18.52%), chick and egg
predation (3.7%) were recorded in the study area (Figure
2B). There was a significant difference between the main
types of predation in the study area ()(2: 137.051; df = 2;
p < 0.0001). Also, variation on predation rates of eggs ()(2
= 5.556; df = 4; p = 0.234) and chicks ()(2 =1.356; df = 4;
p = 0.851) did not exist between types of habitats.
Moreover, the frequency of predation varied significantly
along the nesting phases (x* = 97.915; df = 2; p <
0.0001), with the nests being mostly predated during the
incubation phase (71.43%) (Figure 2C).

The average predation rate across the ecosystem
varied between < 0.001 and 27.18% but was not
influenced significantly by the types of habitats (Kruskal-



196 J. Ecol. Nat. Environ.

Table 1. The explanatory and dependent variables used in the analysis.

Variables Scales Sizes of plots Descriptions
Explanatory variables
H Meso 200 m x 200 m Habitat types were grouped into five land use systems

The classes of canopy cover (Class 1, class 1.5, Class 2, Class 2.5, Class 3,
a Meso 10mx 10 m . .

Class 4 and class 5). Also, 1 is complete canopy cover, 5 is no canopy cover.
b Micro Imx 1m The understorey plants density (number of individuals/ha)
c Micro Imx 1m The microhabitat trees density (number of individuals / m?)
d - - The height of the nest on the supporting plant (m)
e - - The type of the nest supporting plant (liana or shrub)

. The percentage of vegetation cover around the nests which was visually

f Micro Imx 1m ;

estimated at the nearest 5%
g Meso Imx 1m The horizontal density of the trees (number of individuals / m?)
h - - The maximum height of the vegetation above the nest (m)
i - - The total visibility of the nest (ordinal variable)
j Meso 10mx 10 m The overstorey plants density (number of individuals/ha)
k Meso 10mx10m The overstorey plants basal area (m#ha).
I - 200 m x 200 m Understorey-nesting species evaluated as the random effect

Dependent variable

Daily Predation Rate
(DPR)

- Estimated based on Shafer (2004) method

Table 2. List and number of active nests found.

Number of nests in each habitat

Species Type of nest ) OSF DFO ccp ACF Total
Criniger chloronatus Open-cup 1 0 0 0 0 1
Chlorocichla flavicollis soror Open-cup 3 2 0 0 0 5
Eurillas latirostris Open-cup 5 2 4 2 0 13
Bleda eximus Open-cup 0 3 1 0 0 4
Arizelocichla montana Open-cup 0 0 0 1 2 3
Eurillas ansorgei Open-cup 0 1 0 0 0 1
Phyllastrephus icterinus Open-cup 0 1 0 0 0 1
Bleda notata Open-cup 1 4 1 0 0 6
Eurillas virens Open-cup 6 9 3 0 1 19
Cinnyris chloropygius Enclosed 0 1 0 0 3 4
Unknown species | Open-cup 1 0 0 0 0 1
Unknown species | Open-cup 0 0 0 2 0 2
Total 17 23 9 5 6 60

Notes: PFO: Near Primary Forest; DFO: Disturbed Forest; OSF: Secondary Forest; CCP: Cocoa/Coffee plantations; ACF: Annual

Culture farms.

Wallis ¥* = 5.955, df = 4, p = 0.203). Nevertheless, this
average predation rate seemd to be highest in primary
forest (11.867%) and smallest in the cocoal/coffee
plantations (1.539%), compared to other types of habitats
(Figure 2 (D)). Also, when pooling the data into two
habitats (that is natural forests vs disturbed habitats), the
average predation rate did not vary significantly (Kruskal-
Wallis x* = 2.188, df = 1, p = 0.139).

Influences of habitat features on the daily predation
rate

The daily predation rate (DPR) of these understorey
nesting birds varied between 0.019 and 0.964 but did not
vary significantly amongst types of habitats (Kruskal-
Wallis x° = 5.955, df = 4, p = 0.203). This daily predation
rate did not vary significantly between natural forests
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and modified habitats (Kruskal-Wallis )(2 =2.188,df=1,p
= 0.139). Table 2 shows top models according to
changes in delta AIC as described by (Burnham and
Anderson 2003). The best fit model, which is the one
having the smallest value of the Aikake Information
Criterion (AIC = 207.23) was chosen (Additional file Table
S1). This model included quantitative variables
(understorey plant density, microhabitat trees density)
and a qualitative variable (classes of canopy cover) were
then introduced as fixed effects in the generalized mixed
effects model with the understorey-nesting species
evaluated as the random effect (Table 3).

The density of trees in the microhabitat and the density
of understorey plants had significant negative effects at
the 95% significant level. To this effect, when the density
of trees (n/m2) in the microhabitat and the density of the
understorey plants (n/ha) increased, probabilities of the
open-cup nest to be predated decreased for about

3.912e-01 and 8.749e-05 respectively (Figure 3A—B).
Furthermore, the influences of the canopy cover classes
and the types of nests support (shrub or liana) on the
daily predation rate at 95% confidence interval were not
significant, although the canopy cover classes 1.5 and 5
had negative effects. However, the canopy cover class 1
and the support had positive influences on the daily
predation rate (Table 3). Moreover, very low correlations
existed between most of the Fixed effects parameters on
the daily predation rate (Additional file Table S2).

Furthermore, the trend in the average density of the
trees in the microhabitat did not differ significantly along
the gradient of increasing forest destruction (JT = 492.5,
p = 0.301) whereas the average density of the
understorey plants increased significantly (JT = 249.5, p
= 0.011) along this gradient (Table 4). This indicates that
the choice of the nesting sites depended on the presence
of these vegetation parameters.
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Table 3. The generalized linear mixed model of DPR in relation to vegetation variables and the five habitat types.

Random effects:

Groups

Variance

Standard Deviation

Species (Intercept)

0 0

Fixed effects

Regression coefficients

Parameter - Z value P-value (>|z|)
Estimate Standard error

Canopy cover Class 1 (Intercept) 7.815e-01 7.318e-01 1.068 0.285

Canopy cover Class 1.5 -1.580e-01 5.983e-01 -0.264 0.792

Canopy cover Class 5 -1.333e+00 1.129e+00 -1.181 0.238

Density of the understorey plants -8.749e-05 3.043e-05 -2.875 0.004 **

Density of trees in the Microhabitat -3.912e-01 1.715e-01 -2.281 0.023*

Significance level: * p < 0.05; ** p < 0.01; *** p < 0.001. Notes: For Canopy cover classes, 1 is complete canopy cover, 5 is no canopy

cover.

DISCUSSION

Number of active bird nests found across the types
of habitat

The average number of open-cup nests varies
significantly according to the types of habitats with the
most degraded having the smallest number of nests.
Similar results are found by numerous studies elsewhere
in the world (Canaday, 1996; Castelletta et al., 2000).
Even if derived forest habitats like cocoa plantations are
not a habitat substitute for the forest, they provide habitat
for many species, which depend to some degree on
forests (Reitsma et al., 2001). Similarly, Van Bael et al.
(2007) find that shaded cocoa farms can provide habitat
for a wide variety of resident and migratory bird species.

However, in the present study, it is not the case for
nesting birds, because the less the habitat is disturbed,
the more nests are present. This implies that the human
activities reduce the probability of understorey nesting
bird species of having available nesting sites. Finally, the
absence (or rarity) of ground nests in our study area may
be due to the presence of highly specialized ground nest
predators or to the absence of ground-nesting bird
species during sampling time. It could also be due to
ground nests being difficult to find.

Predation rates across types of habitat and nesting
phases

Predation is the main cause of nest failure in this study.
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Variables of the vegetation

Mean values of some vegetation parameters in each habitat

PFO OSF DFO CCP ACF
Density of overstorey plants (individuals/ m2) 0.05 +0.002 0.04 +0.002 0.03 £ 0.003 0.02 £ 0.005 0.01 +0.002
Basal area (mzlha) 71.81 £14.93 51.91 £21.63 35.17 £14.93 27.19£11.70 7.80 £ 3.40
Understorey plants (individuals/ m2) 1.71+0.78 2.13+0.23 2.95+0.37 2.14 +0.63 297 +0.72
Density of trees in the microhabitat (individuals/ m2) 2.11 +1.13 2.39+1.6 2.33+1.15 1.6+1.2 0.33+£0.47
Class 1 100% 83.33% 83.33% 33.33% 0%
Classes of canopy cover Class 1.5 0% 16.67% 16.67% 66.67% 0%
Class 5 0% 0.00% 0.00% 0.00% 100%

Notes: PFO: Near Primary Forest; DFO: Disturbed Forest; OSF: Secondary Forest; CCP: Cocoa/Coffee plantations; ACF: Annual Culture farms. For Canopy cover classes, 1 is

complete canopy cover, 5 is no canopy cover.

Similar results have been found in temperate
(Debus, 2006; Tewksbury et al., 2006) and
tropical regions (Githiru et al., 2005; Newmark and
Stanley, 2011). In this study area, less than half of
the nests are predated. This proportion is less
than the one found outside the tropics (Mitchell et
al., 1996; Tewksbury et al., 1998; Braden, 1999;
Mezquida, 2004). These results, however,
corroborate those of (Tewksbury et al., 2006) in
temperate zones. Several reasons may explain
this fact as the diversity of predators, because
predation models depend on the response of
different predator species, on the composition of
the landscape and on the relative effects of these
predators on bird species (Tewksbury et al,
2006).

The proportions of predated nests and the daily
predation rate do not also vary significantly among
types of habitat in our study area. Although the
proportion of nests predated in the secondary
forest seem to be highest while the proportion
found in the annual crop fields was the smallest.
This result can be associated with the higher
number of active nests found in secondary forest.
Moreover, the primary forest seems to have the

highest daily predation rate while the secondary
forest had the third-highest predation rate. This
supports the results of Tewksbury et al. (1998) in
temperate forests and contradicts those of Morse
and Robinson (1999) in the neotropical forests in
which rates of nest predation were significantly
lower in the older forest than within even-aged
clear-cuts. Moreover, when using artificial nests
placed in the forest interior, at the edge and at the
clear-cuts in the temperate ecosystem, (Rudnicky
and Hunter Jr, 1993) have reported a similar
trend. However, this predation model seems to
contradict the general assumption that nest
predation rate increases with ecosystem disruption
due to the influx of predators from neighbouring
habitats owing to the best conditions created by
ecosystem degradation, as the birds will be more
in danger in the heavily modified habitats than in
the less degraded ones (Githiru et al., 2005;
Pangau-Adam et al.,, 2006; Tewksbury et al.,
2006). Furthermore, predation can be a problem
in human-modified habitats if food supplies or
nesting sites are reduced but can cope with high
predation rates in natural systems (Martin and
Clobert, 1996; Wesolowski and Tomialojc, 2005).

However, the landscape of Korup National Park
(the present study area) is different from other
study sites (Githiru et al., 2005; Pangau-Adam et
al., 2006; Tewksbury et al., 2006) because the
dominant habitats are forests (primary and
secondary forests) in terms of area and distribution
and are less (or not) disturbed. So, the results
obtained here could be completely different due to
this landscape structure. This implies that
predators arrive rather from modified areas, thus
creating a surplus in abundance and diversity of
these predators in the natural areas.

Over the course of the nesting cycle, we have
found the greatest rate of nest loss in the
incubation stage and least in the egg laying and
nestling stages. Similar results were obtained in
the forest understorey in South America (Ryder et
al., 2008). But some studies recorded increasing
rate of predation as nesting proceeded (Ryder et
al., 2008; Brawn et al., 2011; Fu et al., 2016;
Jiang et al, 2017). Increased proportion of
predation (DPR) in the incubation phase suggests
that nest losses can be ascribed to visually
oriented predators as the eggs and chick predation
type was recorded over the course of the study.
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It can be also explained by lower nest attentiveness and
by nesting birds in the early incubation phase. Moreover,
decreased proportions of the predation in the laying and
nestling stages suggest that, although the number of
female trips increases during the nestling phase,
nestlings are completely silent even during feeding bouts
(Ryder et al., 2008).

Influences of habitat features on predation rates

Generally, habitat quality appears to affect breeding
success (Debus, 2006) and birds are mostly scrupulous
in their choice of nesting sites (Martin, 1993b). It seems
that anthropogenic land management disturbs habitat
quality by removing key elements for nesting individuals
(Debus, 2006). Many studies have shown that several
characteristics (grass cover, height of the nest,
percentage of sky visible, detectability index, forb cover,
vegetation height around the nest, etc.) of nesting sites
have no effect on nest predation rates (Braden 1999;
Dion et al., 2000; Githiru et al., 2005; Posa et al., 2007).
However, Fu et al. (2016) report that the nest-site-
selection variables (tree cover, bamboo cover, liana
abundance, etc.) are positively associated with predation.
In our study area, only the density of the microhabitat
trees and the density of the understorey plants have a
significant negative correlation with the daily predation
rate.

Moreover, the density of the microhabitat trees does
not vary significantly according to the gradient of the
increase of forest destruction whereas the density of the
understorey plants increases sharply according to this
gradient. This explains why annual crop fields, despite
their very high level of degradation, might have some
secured nesting sites as well. This implies that birds
always choose the best nesting site regardless of the
degree of disturbance (Martin, 1993b). These results also
suggest that bird nest predators in the understorey are
more active in relatively stable habitats such as primary
forest and secondary forest. These can also be due to
the fact that nests might be easier to be found in the
natural forests as compared to modified habitats.

Conclusion

In conclusion, our findings support the prediction that
well-hidden bird nests are less subjected to predation
(Vergara and Simonetti, 2004) and nest-site selection is
non-random. As opposed to other findings (Dion et al.,
2000; Estrada et al., 2002; Debus, 2006), the predation of
understorey bird nests in our study area seems not to be
affected by the gradient of increasing habitat destruction.
Only the density of trees in the microhabitat and the
density of the understorey trees have significant negative
effects on the daily predation rates of the open-cup nests.

These observations also suggest that this support zone
adjacent to the Korup National Park is an important
additional breeding habitat for the understorey bird
species. Furthermore, in order to consider understorey
nesting birds conservation in Korup, sets of timber
harvesting guidelines designed to mitigate the deleterious
environmental impacts of tree felling, yarding, and
hauling known as “reduced-impact logging” techniques
(Sist et al., 2003; Putz et al., 2008) must be applied for
future trees harvesting practices. Although the
effectiveness of reduced-impact logging in reducing tree
destruction is limited under high felling intensity (>8
trees/ha) these techniques are better than the
conventional techniques (Sist et al., 2003).
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Additional file Figure S1. Sampling arrangement of the nested grid

Additional file Explanation Notes: Classes of canopy cover definitions

The classes of canopy cover were defined as followed (Jennings et al., 1999):

- Class 1: No direct light (crown not lit directly either vertically or laterally);

- Class 1.5: Low lateral light;

- Class 2: Medium lateral light;

- Class 2.5: High lateral light;

- Class 3: Some overhead light (10-90% of the vertical projection of the crown exposed to vertical light).

- Class 4: Full overhead light (= 90% of the vertical projection of the crown exposed to vertical light; lateral light
blocked within some or all the 90° inverted cone encompassing the crown and

- Class 5: Crown completely exposed (to vertical light and to lateral light within the 90° inverted cone
encompassing the crown).

Lateral light (< 10% of the vertical projection of the crown exposed to vertical light; crown lit laterally.

Additional file Table S1. Results of model selection using logistic exposure methods to assess sources
of variation in the probability of daily predation rate of the understorey nesting birds in the Korup region.
Only the top model or those included in the confidence set are shown.

Models K AlCc AAICc Wi Loge(L)
Mh+a+b+c 5 207.23 0.00 0.44 -98.49
Mu-+a+b+c+d 6 208.47 1.24 0.24 -98.06
Mu+atb 4 209.04 1.81 0.18 -100.44
MH:+a+b+c+d+e 8 210.39 3.16 0.09 -96.88
Mh+a 3 211.84 4.61 0.04 -102.87

Note: K is the number of parameters in the model, Loge(L) is the value of the maximized log-likelihood function,
AlCc is Akaike’s Information Criterion adjusted for small sample bias, AAICc is the scaled value of AlCc, and w;
is the Akaike weight. Many candidate models involved the effect of the types of habitats (H), the classes of
canopy cover (a), the understorey plants density (b), the microhabitat trees density (c), the nest height (d) and
the nest's support (e). The remaining candidate models had AAICc > 4.61 and w; < 0.05.
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Additional fileTable S2. Correlations between the Fixed effects parameters on the daily predation rate.

Intercept Density of the

Parameter (Class 1) Class 1.5 Class 5 understorey plants
Class 1.5 -0.046

Class 5 0.047 0.161

Density of the understorey plants -0.831 -0.169 -0.275

Density of trees in the Microhabitat -0.525 0.130 0.234 0.080




