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Abstract 

Background:  Understanding the factors that influence the foraging behavior and perception of habitat quality by 
animals has long been the focus in ecology. Due to the direct effect resource acquisition has on an individual’s fitness 
and species’ survival, predation risk is considered widely to be a major driver of foraging decision. The objectives of 
this study were to investigate how predation risk is perceived by granivorous bird species with respect to different 
habitat and microhabitat types, time of day and food types in Amurum Forest Reserve, Nigeria, with a view to direct 
future conservation planning.

Methods:  For 3 months, we conducted field experiments to measure giving-up densities (GUD, the amount of food 
left behind in artificial patches after birds cease to forage in it) and how it differs with habitat types, microhabitats, 
times of day, and food types. General linear mixed-effect models (GLMMs) were fitted to investigate the differences 
in GUD with respect to the aforementioned variables. Model selection was done based on the Akaike’s Information 
Criterion (AIC).

Results:  There was no significant difference in GUDs across habitats. However, there was a significant difference in 
GUDs between microhabitats. Higher food remnants were recorded in the open than in cover microhabitats, as birds 
exploited food patches in the cover more. Time of day influenced foraging behavior in the birds. They foraged more 
in the morning than afternoon across all three habitats except for the gallery forest where birds foraged less in the 
morning. Higher GUDs were recorded in open than cover microhabitats both in the morning and the afternoon. Birds 
had a preference for rice, millet, and groundnut respectively.

Conclusion:  The differences in GUDs were very indicative of differences in foraging behavior and perception of 
resource availability in response to perceived predation risk. Therefore, this study suggests that the understanding of 
foraging decisions can be a veritable method for assessing habitat quality as perceived by animals.
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Background
The access and acquisition of resources have direct effects 
on the reproductive success and survival of animals (i.e. 
individual fitness; Lemon 1991; Stearns 1992; Roff 1993), 
eventually contributing to the regulation of animal pop-
ulations (i.e. species fitness; Newton 1998; Kelly 1999). 
However, animals engaged in active foraging may expe-
rience a high risk of predation, because foraging activi-
ties can increase their period of exposure and visibility to 
predators and compromise their vigilance, and predators 
may favorably target foragers that are less vigilant and 
more susceptible (Higginson et  al. 2012). Therefore, to 
maximize fitness, individuals have to be capable of accu-
rately assessing the local risks of predation and engage 
in foraging behaviors that optimize energy intake (Kamil 
et al. 2012). When faced with predation risk, foragers can 
reduce their individual risk of predation by incorporating 
a number of anti-predatory behavior, such as increasing 
their vigilance, seeking hide-out or mobbing predators, 
changing their food choices, and fleeing (Stankowich 
and Blumstein 2005). Thus largely engaging in foraging 
behaviors that maximize energy intake while reducing 
predation risk. Additionally, animals’ perception of habi-
tat quality is much more than just predation risk. Other 
factors such as food availability, energy expenditure, and 
competition combine to define habitat quality for species 
as well as individuals. Therefore, foraging behavior often 
indicates a strong linkage to habitat conditions as per-
ceived by the foraging animal (Wilmers et al. 2015).

The concept of habitat quality has a lasting history 
in biology and ecology, but despite its strong bases and 
growing usage in academic studies, researchers have 
not come to an agreement on the best way it should be 
assessed (Breckheimer 2012). Direct estimation of the 
quality of foraging habitat (food availability) or predation 
risk remains a formidable task in ecological studies. The 
goal is to estimate habitat quality ‘through the eyes’ of the 
organism since habitat quality is not absolute but rather 
species or individual specific (Morris and Davidson 
2000). Optimal foraging theory provides a useful frame-
work on animals’ perception of habitat quality (Stephens 
and Krebs 1986). An animal behaving optimally quits for-
aging a patch when the marginal profits (i.e. energy gains) 
equal the marginal costs of foraging (e.g. predation cost 
of foraging, the metabolic cost of foraging, and missed 
opportunity costs of not engaging in alternative activities; 
Brown 1988).

As a food patch is gradually depleted, a forager 
receives diminishing returns, finding additional food 
items become increasingly difficult and the benefits of 
foraging in the patch no longer outweigh the costs, in 
which case the animal decides to leave the patch (Char-
nov 1976). A valuable behavioral tool used by ecologists 

in understanding differences in quality between habi-
tats and takes into consideration other factors is the 
measurement of giving-up densities (GUD; Brown 
1988; Olsson and Molokwu 2007). The GUD of a food 
patch is the density of food remaining in the patch after 
the animal stops to forage in it (Brown 1988). Conse-
quently, GUD is an assessment of the foraging animal’s 
decision, and hence its discernments of environmental 
quality and surrounding circumstances. Animals will 
leave a patch earlier in an environment of high qual-
ity where the cost of missed opportunities is high and 
the animal’s fitness prospects are high; thereby creating 
a positive relationship between habitat quality, GUD, 
and fitness (Olsson and Molokwu 2007). Similarly, the 
potential cost of predation will also be high in a high-
quality habitat because of high fitness prospects and 
the low marginal value of energy.

It is possible to assess foraging costs in natural habitats 
by creating artificial patches containing a known density 
of resources and by measuring the GUDs in these patches 
after animals abandon them. This approach is based on 
the assumption that the forager balances its harvest rate 
in the artificial patch with habitat-specific foraging costs, 
thus effectively treating the artificial patch as part of the 
natural environment (Brown and Alkon 1990). Evaluation 
of habitat-specific elements of the cost function may con-
sequently be possible either by comparing GUDs among 
habitats and speculating on the effects of structural dif-
ferences on foraging costs imposed on the animal or by 
experimental manipulation of foraging costs (Kotler 
1992).

Here, we tested the determinants of foraging deci-
sions by granivorous birds through field experiments 
and observation in Amurum Forest Reserve, north-
central Nigeria. We specifically tested what factor(s) 
amongst habitat type (with close and open microhabi-
tat conditions), time of day (morning and evening), 
and food type (millet, crushed rice, and crushed pea-
nuts) influence habitat quality perception and foraging 
behavior in granivorous birds. We placed each of the 
three food types in cover (an area surrounded by bush 
or dense vegetation and shaded from sunlight) and in 
open (1.5  m away from surrounding bush, completely 
exposed to sunlight; Molokwu et  al. 2008; Fig. 1). We 
hypothesized that feeding trays placed in cover would 
be utilized more than those in the open microhabi-
tat, potentially because of the low perception of pre-
dation risk. Also, we hypothesized that birds would 
prefer food with high energy content and easily digest-
ible. Finally, we hypothesized that birds would feed 
more in the morning session having metabolized the 
food taken during the day over the night. The results 
of this study would help to better understand how 
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granivorous birds perceive habitat quality of the forest 
reserve and could potentially help inform future con-
servation planning.

Methods
Study area
The study was carried out in Amurum Forest Reserve 
with a total area of about 115  ha. It is located within 
the guinea savannah region northeast of Jos, north-
central Nigeria (09°53′N, 08°59′E) and at an altitude of 
1280 m above sea level (Vickery and Jones 2002). The 
reserve is recognized internationally as an Important 
Bird Area (IBA) with over 300 bird species (Mwansat 
et al. 2011). A wide range of granivorous birds species 
including the range-restricted Rock Firefinch (Lagon-
osticta sanguinodorsalis) and its brood parasite, the Jos 
Plateau Indigobird (Vidua maryae) utilize the reserve 
(Ezealor 2002). During the early wet season (between 
the end of May and the end of June), when grass seeds 
germinate, granivorous birds experience reduced food 
(grass seeds) availability (Molokwu et al. 2008). Grass 
seeds become available in high abundance at the end 
of wet season until the middle of the dry season when 
there is a progressive decline due to consumption by 
granivores. Most seeds germinate after the first few 
showers of rain resulting in even more reduced seed 
availability (Dostine and Franklin 2002). Fire outbreaks 
were a major incident just before the study started, 
which can potentially pose an adverse effect on food 
availability for granivorous birds.

The reserve is characterized by three habitat types, 
namely the gallery forests, savannah, and rocky out-
crops. Two sites were selected in each of the three hab-
itat types (Fig. 2), each being at least 200 m apart.

Experimental set‑up
Within each of the two sites in each of the three habitats, 
two microhabitats were selected; ‘cover’ (under a bush or 
dense vegetation, completely sheltered from sunlight and 
potentially low predation risk), and ‘open’ (1.5  m away 
from surrounding bush, completely exposed to sunlight 
and with a potentially high predation risk; Molokwu et al. 
2008; Fig. 2). Three feeding trays (4 cm deep and 26 cm in 
diameter) were placed side by side in each of the micro-
habitats in each site (Molokwu et al. 2008; Fig. 2). In each 
microhabitat, three feeding trays were provisioned with 
a mixture of sifted sand (1 L) and stocked with food (7 g 
each of millet, crushed rice and crushed peanuts per 
tray). Rice and groundnut were crushed to approximately 
the same size as millet, so that food preference in birds 
will not be a result of the difference in seed size.

From February to April 2017, seeds were placed at each 
site to get the birds habituated to feeding at the feeding 
trays before the commencement of the experiments in 
May 2017. The experiment was set up in two sessions of 
the day—morning and afternoon, each lasting 5 h. Morn-
ing sessions lasted from 06:30 to 11:30 and afternoon 
session lasted from 12:00 to 17:00. After every session, 
tray contents were collected in bags and later sifted to 
separate the sand from the seeds. The remaining seeds 
(defined here as GUDs) were weighed to the nearest 0.1 g 
using a digital weighing scale. All sites were visited daily 
(barring heavy rainfall) from Mondays to Fridays, mak-
ing a total of 5 days a week of data collection. The whole 
experiment lasted for about 8 weeks (37 days) from May 
29th, 2017 to July 24th, 2017. In all, there were 72 GUD 
records per day (6 feeding trays: three each in both cover 
and open microhabitats × 3 habitat types × 2 replicate 
sites × 2 experimental sessions), making a total of 2664 
records by the end of the experiment.

Focal observations
Sites were intermittently visited to record birds visiting 
the trays. Focal observations were done using a pair of 
binoculars at a minimum distance of 15 m from the trays 
in order to prevent any form of introduced disturbance. 
The underlining objective here is to document and com-
pare the types of bird species visiting food trays to a simi-
lar experiment conducted in the reserve in 2004 and 2005 
(Molokwu et al. 2008).

Data analyses
All statistical analyses were performed using R (Ver-
sion 3.4.3, R Development Core Team 2017). Prior to 
analyses, we conducted a visual inspection of residual 
plots which did not reveal any obvious deviations from 
homoscedasticity or normality. We then applied general 

Fig. 1  Experimental set-up showing one of the sites in the Gallery 
forest
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linear mixed-effect models (GLMMs) with lme function 
and then fitted in the nlme library package of R (Pinheiro 
et  al. 2012). In the models fitted, the response variable 
was GUD while the explanatory variables include habi-
tat types (gallery forest, rocky outcrop, and savannah), 
microhabitats (‘cover’ and ‘open’), times of day (morning 
versus afternoon), and food types (groundnut, millet, and 
rice). We also tested for the interactions between habitat 
and microhabitat, habitat and time of day, and micro-
habitat and time of day on GUDs using maximum like-
lihood (ML) estimation method (Bolker et  al. 2009). In 
this analysis, running days nested within sites were con-
sidered as random factors to correct for non-independ-
ence in the dataset. Models were compared with respect 
to their Akaike’s Information Criterion (AIC; Burnham 
and Anderson 2002) values to select the model(s) best fit 
for the data. The model with the lowest AIC was consid-
ered to be the best. All models within 2 AIC units were 

considered competing models (Burnham and Ander-
son 2002). Variable importance was inferred through 
the comparison of standardized effect sizes (Schielzeth 
2010). Where explanatory variables (main and interac-
tion terms) were statistically significant, we performed 
posthoc tests using the package emmeans (Russell et  al. 
2018) to better understand where actual differences lie.

Results
General linear mixed‑effect model for GUD
The best GUD model was one that had all the predictor 
variables as well as all three two-way interaction terms 
(Table 1). In this best model, the two-way interaction terms 
of habitat with microhabitat (F2, 2662 = 46.72, P < 0.0001), 
habitat with time of day (F2, 2662 = 48.84, P < 0.0001), 
microhabitat with time of day (F1, 2663 = 8.90, P = 0.0078), 
and fixed term-food type (F2, 2662 = 315.33, P < 0.0001) 
were all significant. In essence, the mass of left-over food is 

Fig. 2  Map of Amurum Forest Reserve showing study sites
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a function of the interactions between habitat and micro-
habitat, habitat and time of day, microhabitat and time of 
day, as well as the fixed effect of food type.

Broadly, a posthoc test showed that GUD was con-
sistently higher in the ‘open’ than in the ‘cover’ across 
all three habitat types (Table 2, Fig. 3). GUDs were sig-
nificantly lower in the mornings than afternoons for the 
rocky outcrop and savannah habitats. However, there 
was no significant difference in GUD between times of 
day in the gallery forest, even though GUD appear to be 
slightly lower in the afternoons than mornings (Table 2, 
Fig. 4). GUDs in the ‘open’ microhabitat were relatively 
higher than ‘cover’ microhabitat across the times of 
day (Fig.  5). There was a consistent preference for the 
cereal grains with rice being more preferred than mil-
let while groundnut (a legume) was the least preferred 
food (Fig.  6). Posthoc test also showed a significant 

Table 1  GUD models with predictor variables

The terms ‘Microb’ = microhabitat, ‘Hab’ = habitat, ‘Timday’ = times of day, and ‘(1|site/running days)’ = the running days nested within Site specified as a random 
factor. AIC = Akaike’s Information Criterion values, ΔAIC = the difference in AIC values. An asterisk * refers to an interaction term

GUD models AIC ΔAIC

GUD ~ microhab + hab + timday + food type + hab*microhab + hab*timday + microhab*timday + (1|site/
running days)

10985.5 0.0

GUD ~ microhab + hab + timday + food type + hab*microhabitat + (1|site/running days) 11079.6 94.1

GUD ~ microhab + hab + timday + food type + microhab*timday + (1|site/running days) 11147.3 161.8

GUD ~ microhabitat + habitat + time of day + food type + (1|site/running days) 11465.1 479.6

GUD ~ microhab + hab + timday + (1|site/running days) 11601.5 616.0

GUD ~ microhab + hab + (1|site/running days) 11654.7 669.2

GUD ~ microhab + timday + (1|site/running days) 11683.2 697.7

GUD ~ microhab + (1|site/running days) 11699.8 714.3

GUD ~ hab + (1|site/running days) 11887.7 902.2

GUD ~ timday + (1|site/running days) 11899.9 914.4

GUD ~ 1 + (1|site/running days) 11925.3 939.8

Table 2  Result of posthoc tests for all statistically significant terms in the best model

Significant variables Contrast Estimate SE t ratio p-value

Food type Groundnut = millet 0.389 0.071 5.937 < 0.001

Groundnut = rice 1.589 0.066 24.235 < 0.001

Millet = rice 1.200 0.058 18.298 < 0.001

Hab*microhab Gallery forest: cover = open ‒ 1.512 0.089 16.304 < 0.001

Rocky outcrops: cover = open ‒ 0.335 0.093 ‒ 3.610 < 0.001

Savannah: cover = open ‒ 0.788 0.081 ‒ 8.497 < 0.001

Hab*timday Gallery forest: morning = afternoon ‒ 0.049 0.063 ‒ 0.524 0.601

Rocky outcrops: morning = afternoon ‒ 0.705 0.080 ‒ 7.600 < 0.001

Savannah: morning = afternoon 0.530 0.098 5. 714 < 0.001

Microhab*timday Morning: cover = open ‒ 0.739 0.086 ‒ 9.576 < 0.001

Afternoon: cover = open ‒ 1.018 0.076 ‒ 13.441 < 0.001

Fig. 3  Difference in GUDs between microhabitats of habitats
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difference in pairwise comparisons between food types 
(Table 2).

Bird visitors
A total of 15 granivorous bird species were observed to 
have fed on the artificial food patches at different fre-
quencies. They include Red-cheeked Cordon Bleu (Urae-
ginthus bengalus), Village Weaver (Ploceus cucullatus), 
Red-billed Firefinch (Lagonosticta senegala), Rock Fire-
finch (Lagonosticta sanguinodorsalis), Pin-tailed Whydah 
(Vidua macroura), Cinnamon-breasted Rock Bunting 
(Emberiza tahapisi), Black-rumped Waxbill (Estrilda 

troglodytes), Orange-cheeked Waxbill (Estrilda melpoda), 
Lavender Waxbill (Estrilda caerulescens), Northern grey-
headed Sparrow (Passer griseus), Northern Red Bishop 
(Euplectes franciscanus), Bronze Mannikin (Spermestes 
cucullatus), Laughing Dove (Streptopelia senegalensis), 
Speckle-fronted Weaver (Sporopipes frontalis), and Sun 
Lark (Galerida modesta).

Discussion
Predation and habitat quality
The higher GUD in the open than the cover micro-
habitat in all three habitats (Fig.  3) support the idea 
that predation risk is higher in the open than in cover 
and that vegetation serves as a shelter from preda-
tors (Lomas et  al. 2014). The vulnerability of forag-
ers to predation in open areas means that they have to 
avoid becoming food for other animals while foraging, 
thereby making patches in the ‘cover’ more thoroughly 
exploited. However, areas with more ‘cover’ or dense 
vegetation also offer hideouts for ground predators. 
For example, the presence of lurking ground preda-
tors like snakes often observed in the Amurum Forest 
Reserve is a predominant feature in the tropics (Tobias 
et  al. 2013). Thus, whereas these areas offer cover 
from avian predators, they could potentially be per-
ceived as risky as that by snakes. This pattern concurs 
with many studies that have found support for a high 
GUD resulting from increased predation risk (Brown 
and Kotler 2004; Eccard et  al. 2008) and reduced for-
aging activity in risky or open areas (Shochat et  al. 
2004; Cresswell 2008). Other studies which support 
this result include the study of granivorous birds in 

Fig. 4  Difference in GUDs between habitat types by times of day

Fig. 5  Difference in GUDs between times of day by microhabitats

Fig. 6  Difference in GUDs between food types
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Amurum Forest Reserve (Molokwu et al. 2008), a study 
on White-footed Mice (Peromyscus leucopus) (Morris 
and Davidson 2000) and a study on Starlings (Sturnus 
vulgaris) (Olsson et al. 2002). Also, the metabolic cost 
of foraging may be higher in the open than cover due to 
heat exposure.

Generally, there was less intense feeding activity in 
the gallery forests compared to savannah and rocky out-
crops respectively. Foraging theory predicts that rela-
tively higher GUDs should be expected in good quality 
habitats (Brown and Kotler 2004); potentially due to the 
high cost of missed opportunities to forage elsewhere/
high potential costs of predation. The theory should have 
implied that the gallery forest is best in terms of quality 
(food availability). However, this may not be the case as 
the utilization of artificial food patches in the gallery for-
est may have been incidental. Small passerine birds are 
known to exhibit a characteristic pattern of daily forag-
ing activity: feeding being generally peak in the morning, 
light through the mid-day and moderate to peak again 
before going to rest in late afternoon (Bonter et al. 2013). 
During these peak foraging windows, birds will prefer to 
select and use patches where food resources are highest 
(Saracco et  al. 2004). For granivorous birds, therefore, 
gallery forest will not be an ideal habitat for foraging 
in the mornings. Birds usually use the gallery forest for 
resting and staying away from the heat of the day after 
an active foraging time in the morning. Of the other two 
habitats, savannah habitat quality is better than the rocky 
outcrop judging from the higher GUDs.

Lower GUDs recorded in the morning than afternoon 
for rocky outcrops and savannah (Fig.  4) suggests that 
during the peak of foraging in the morning (Bonter et al. 
2013), the birds were basically opting to utilize patches 
(habitats) where their food resources are likely to be in 
high abundance. While seeking to rest in the shade to 
avoid the sun’s heat after the day’s active foraging in late 
afternoon, the birds made their way to the gallery for-
est where they got the opportunity to feed on the food 
patches there rather minimally. The perception of high 
predation risk (Olsson et  al. 2002) and maximization of 
foraging period (Wolf and Hainsworth 1977) in birds are 
potential factors responsible for the differences in GUDs 
between times of day.

The consistent preference for cereal grains may have 
been influenced by nutritional content (Karasov and 
Martinez del Rio 2007). Rice has been shown to have a 
higher energy value than millet (Odoemelam and Osu 
2009). Seed size is also a major factor that determines the 
extent of selection or rejection (Collins and Horn 2012). 
However, this is not the case in this study since all seeds 
used were crushed to approximately millet seeds sizes 

being the control with the smallest average size to ensure 
similar handling times.

Of all the food types provisioned, groundnut (49.2  g 
per 100 g portion) has the highest fat content compared 
to millet (3.3 g per 100 g portion) and rice (1 g per 100 g 
portion). Studies have shown that birds maintain daily 
fat levels in an effort to avoid predators (Tvardíková and 
Fuchs 2011; Zimmer et al. 2011). On the contrary, other 
studies have also shown that being too fat is also not good 
to escape predators (McNamara and Houston 1990; Wit-
ter and Cuthill 1993). The least preference for groundnut 
could also be explained by its high secondary compounds 
component which inhibits specific biochemical reaction 
(Schmidt et  al. 1998) or reduces internal digestion in 
birds (Deshpande 2002). Tannins, for instance, is known 
to reduce the digestibility of proteins, and phytic acids 
may hinder intestinal absorption of certain nutrients like 
Magnesium and Calcium besides the limitation of starch 
and protein digestibility (Deshpande 2002; Odoemelam 
and Osu 2009). Seeds with high phenolic component 
have been found to be avoided by Bullfinches (Pyrrhula 
pyrrhula) (Greig-Smith and Wilson 1985), and seeds with 
quinine content, no matter how little can be sensed and 
declined by Cockatiels (Nymphicus hollandicus) (Matson 
et al. 2004).

Five bird records (the Pin-tailed Whydah Vidua mac-
roura, Black-rumped Waxbill Estrilda troglodytes, 
Northern Grey-headed Sparrow Passer griseus, Bronze 
Mannikin Spermestes cucullatus, Laughing Dove Strep-
topelia senegalensis) were new compared to an earlier 
study conducted in the reserve in 2004 and 2005 which 
recorded a total of 10 bird visitors (Molokwu et al. 2008). 
Giving only one food type (millet) was placed in the ear-
lier study, the new records of bird visitors we had could 
have been as a result of the different food types we provi-
sioned or it could be that the fire outbreak that occurred 
just before we commenced our experiment had negative 
effects on the availability of natural seeds, thus making 
our experimental feeding stations more important.

Potential fire effect on GUDs
Just before the onset of the rains (and when the experi-
ment started), the Amurum Forest Reserve experienced 
severe fire outbreaks which could have affected seed 
availability for the birds. The most affected habitats were 
the savannah and rocky outcrops. Although we did not 
test the effect of fires on seed availability between habi-
tat types, the relatively lower GUDs in the savannah and 
rocky outcrops than in the gallery forest could be attrib-
uted to the fire incidence. Late intense fires have been 
shown to not only remove the dense grasses and dictate 
immediate/forthcoming food availability but also destroy 
most of the fallen seeds with adverse long term effects 
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(Legge et  al. 2015). Even though fire is an important 
feature of the dry season tropical savannah biome, we 
highly recommend that an early control burning regime 
be adopted at the onset of dry season to curb incessant 
and intensive fire outbreaks later. To better delineate 
the effect of fire on habitat quality for granivorous birds, 
future studies should consider doing a similar experiment 
post-fire outbreaks and should span both rainy and dry 
seasons.

Conclusion
This study demonstrates that by assessing the usage 
of artificial food patches by granivorous birds, we can 
gather a lot of information about the cost and benefit 
associated with a foraging area. Thus, it is possible to 
use this information as a proxy of habitat quality since 
the cost and benefit of foraging are habitat-specific. We 
show that habitat structure plays a very important role in 
shaping the behavior of birds on artificial food patches as 
evidenced from the high preference for ‘cover’ compared 
to ‘open’ microhabitats across all habitat types. The feed-
ing activity of the birds at habitat and microhabitat lev-
els is modulated by times of the day. Food preference was 
likely a factor of nutritional composition (energy content) 
and digestibility. The results from this study suggest that 
all the component habitat types of the Amurum Forest 
Reserve are important for the conservation of its graniv-
orous birds; as each of the habitats supports their daily 
activities.
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