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A B S T R A C T   

Selective logging—the practice of removing a subset of commercially important trees from a forest—is a globally 
pervasive form of forest degradation. Selective logging alters both the structure and function of forests and the 
composition of ecological communities. Tropical insectivorous birds are highly vulnerable to microhabitat al-
terations in logged forest. Such altered microhabitats might affect the foraging of forest birds by altering (a) 
resource availability, and (b) foraging behaviour. We investigated the effect of selective logging on microcli-
mates, prey availability, foraging behaviour and the foraging success of eastern Himalayan birds in the breeding 
season. Selective logging alters temperature-humidity microclimates and the composition of arthropod com-
munities, both of which are likely to then collectively alter foraging behaviour by birds. We show that birds spent 
a lower proportion of their time foraging in primary compared with logged forest. Further, selective logging 
interacts with species traits such as body mass, preferred foraging stratum (understorey, midstorey or canopy) 
and foraging manoeuvre to influence foraging success. Gleaners generally foraged more successfully in primary 
forest and salliers in logged forest, although these patterns were modified by body mass and foraging stratum. 
Synthesis and applications: Our study shows how altered microclimates in anthropogenically modified habitats 
can influence resource availability and have downstream impacts on the behaviour of species at higher trophic 
levels.   

1. Introduction 

Forests cover 31% of our planet’s land and harbour about 80% of 
terrestrial plant and animal biodiversity (FAO and UN GFGR, 2021). 
Amongst forests worldwide, tropical forests are especially biodiverse, 
and even within the tropics, forested habitats in tropical mountains 
harbour a disproportionately high share of biodiversity (Elsen et al., 
2018). However, tropical montane species are increasingly under threat 
from habitat loss and degradation as well as climate change (Pimm, 
2008; Freeman et al., 2021), and both these drivers of biodiversity loss 
can interact with each other (with habitat degradation complicating the 
abiotic impacts of climate change) to affect the behaviour and fitness of 
species (Srinivasan and Wilcove, 2021). 

Of the various ways in which tropical forests are lost or degraded, 
selective logging—the practice of removing a subset of commercially 
important trees from a forest—is especially pervasive. A total of 20% of 
tropical forest was logged in just a five-year period and selective logging 

continues to be the most widespread form of tropical forest degradation 
(Edwards and Laurance, 2013). Logging creates gaps in the forest can-
opy and allows direct sunlight to reach the lower levels (understorey and 
midstorey) within the forest (Senior et al., 2018). This often leads to 
warmer and drier conditions in logged than in primary forest and 
changes in the availability of microhabitats that might be important for 
a variety of species (Senior et al., 2017). 

Tropical rainforests host roughly six million invertebrate species 
(Hamilton et al., 2010) and over 18,000 species per hectare (Basset 
et al., 2012; Ewers et al., 2015), and the structural and environmental 
changes that arise from selective logging can impact patterns of inver-
tebrate diversity and abundance. Logging has been shown to reduce the 
abundance of key invertebrate decomposers (such as leaf-litter beetles, 
and termites) to two-thirds of their abundance in primary forest (Ewers 
et al., 2015). Altered microclimatic conditions in logged forest, such as 
higher temperatures and lower humidity most likely explain reductions 
in the abundance or biomass of invertebrates in a logged forest (Ewers 
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et al., 2015), as soft-bodied invertebrates are particularly sensitive to 
desiccation (Cornelius and Osbrink, 2010). Logging, therefore, creates 
important changes to arthropod communities (Holloway et al., 1992; 
Hill et al., 1995; Hill, 1999; Willott et al., 2000; Vasconcelos et al., 2000; 
Davis, 2000; Basset et al., 2001). In general, logged forests possess lower 
arthropod species richness, and a few species dominate arthropod 
communities that possess high tolerance potency towards logging- 
induced altered microclimates (Basset et al., 2001). 

Selective logging also alters the structural and functional composi-
tion of bird communities (Burivalova et al., 2015). Amongst tropical 
birds, insectivorous species (whose diets are dominated by arthropods) 
are especially sensitive to land-use change (Bregman et al., 2014; Sri-
nivasan et al., 2015; Powell et al., 2015). Across the tropics, studies have 
repeatedly found that terrestrial insectivores are the most vulnerable to 
changes in forest structure, and are often the first dietary guild to 
disappear from disturbed forest (Stratford and Stouffer, 1999; Canaday 
and Rivadeneyra, 2001; Peh et al., 2005; Pavlacky et al., 2015; Rutt 
et al., 2019; Stouffer et al., 2021) and the last to return after forests 

regenerate (Powell et al., 2013, 2015). Microclimatic changes due to 
selective logging which include high sunlight penetration and high 
temperature are induced by open canopy spaces and might make logged 
forest patches physiologically detrimental to birds due to thermal and 
water stress (Stratford and Robinson, 2005). Altered microhabitats 
could also affect foraging by insectivorous birds indirectly by altering 
resource availability and diversity (Powell et al., 2015). 

We asked how (a) selective logging affected microclimates, (b) se-
lective logging affected arthropod availability for insectivorous birds, 
and (c) these factors potentially impacted foraging behaviour of Eastern 
Himalayan insectivorous birds. Globally, the Himalayas are amongst the 
most biodiversity-rich terrestrial regions (Grenyer et al., 2006) and by 
2100, they are at risk of losing approximately half of their forest cover to 
land selective logging and other forms of land-use change (Pandit et al., 
2007). We hypothesised that higher temperature and lower humidity 
with logging would alter the abundance and diversity of arthropod prey 
(i.e., resources) for insectivorous birds in logged forest. Further, we 
hypothesized that increased temperatures in a logged forest would also 

Fig. 1. Map of the study area in Eaglenest Wildlife Sanctuary, Arunachal Pradesh, India. Sampling plots in primary forest are outlined in green and plots in logged 
forest are outlined in brown. White arrows show the locations of temperature-humidity loggers. (For interpretation of the references to colour in this figure legend, 
the reader is referred to the web version of this article.) 
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affect the time spent foraging by birds, as higher temperatures might 
prevent birds from foraging actively. 

We predicted that:  

(a) In line with prior work, logged forest would be warmer and drier 
than primary forest.  

(b) Altered microhabitats would be associated with changes in the 
densities of various kinds of arthropods.  

(c) As a direct impact of altered microclimates, birds would spend 
less time foraging in logged forest versus primary forest because 
of potential thermal stresses associated with activity in warmer 
environments.  

(d) As a potential indirect impact of altered microclimates mediated 
via changes in arthropod abundance, foraging success of birds 
would be altered depending on whether logging increases or 
decreases the abundances of their particular arthropod prey 
types.  

(e) Finally, we expected that species traits such as body mass and 
foraging stratum would affect foraging success, driven by the 
differences in resource requirements of birds of different sizes and 
by the availability of arthropod prey at understorey, midstorey 
and canopy level. 

2. Methods 

2.1. Study area 

We conducted fieldwork in Eaglenest Wildlife Sanctuary (EWS), 
West Kameng district, Arunachal Pradesh, India (27.07◦N; 92.40◦E; 
Fig. 1). The study area was located in the tropical montane broadleaved 
forest at 2,000 m above sea level. Within this habitat, the canopy is 
dominated by tree species from the genera Quercus, Betula, Acer, Michelia 
and Alnus, with bamboo (Chimonobambusa sp.) and ferns in the under-
storey. Parts of the forest at this location were selectively logged until 
2002, after which logging was stopped. Tree densities in the primary 
forest plots (>30 cm DBH; 168 to 192 trees ha− 1) are roughly two to 
two-and-a-half that in logged forest plots (76 to 109 trees ha− 1). The 
fragmentation of the canopy has resulted in the increase of bamboo in 
the understorey (primary forest, bamboo stem density = 0.37 m− 2 ±

0.07SE; logged forest, bamboo stem density = 0.94 m− 2 ± 0.22SE), 
which has since hampered the propagation of forest tree saplings in the 
understorey, such that vegetation structure in these sampling plots has 
not changed since 2011 (Srinivasan and Wilcove, 2021). We sampled 
primary and logged forest in four plots, two each primary and logged 
forest (Fig. 1). The total area sampled in the primary and logged forest 
were 6 ha and 6.5 ha respectively. Plots were selected and demarcated 
based on interviews with former loggers, who identified the patches of 
forest that had been selectively logged in the past (Srinivasan 2013). 

2.2. Field methods 

2.2.1. Measuring temperature and humidity 
We used iButton hygrochrons (Maxim Integrated; DS1923-F5#, San 

Jose California) to measure temperature and humidity at half-hour in-
tervals across the entire 24-hr daily cycle. We placed loggers such that 
they were not exposed to direct radiation and perforations in the con-
taining packet minimized the probability that precipitation impacted 
humidity measurements nailed to a tree at a height of ~1.3 m in each of 
the twenty points within a plot. We placed neighbouring loggers ~40 m 
from each other (Fig. 1). 

2.2.2. Arthropod data collection 
In each primary and logged forest plot, we placed 25–28 sampling 

stations at locations same as the loggers. At each station, we sampled 

terrestrial, foliage and flying arthropods using, respectively, a single 
pitfall trap placed for 48 h, 10 beats to a single branch taken at the 
location and a single sticky trap placed for 48 h. Each pitfall trap was a 
small plastic container (5 cm diameter; 7 cm in height) filled with 
detergent water and buried in the ground up to lip-level. For branch 
beating, we stitched a white linen cloth in the shape of a funnel around a 
metal ring 1 m in diameter at the larger end of the funnel and with a 
container attached to the thinner end of the funnel. At each station, we 
placed a randomly selected branch within this funnel, beat it ten times 
with a standard-sized stick with roughly the same force across all sam-
pling stations, and sprayed commercially available insecticide spray to 
momentarily paralyze arthropods, which were collected in the container 
affixed to the narrow end of the funnel. The sticky trap for flying ar-
thropods was a commercially available plastic sheet (150 × 200 mm) 
with a blue background and glue on both sides (Chipku brand). We hung 
the sticky trap from a branch at the station 1.5 m above the ground. We 
collected all arthropods from each sample and photographed them 
against a white background with a scale in the photograph. We then 
identified each arthropod to the order/class level. 

2.2.3. Bird foraging behaviour 
We collected data on bird foraging behaviour from 8 March to 30 

April 2021 in two-time intervals each day (0700 to 1100 hrs and 1400 to 
1600 hrs). We sampled such that primary and logged forest plots were 
equally sampled during the morning and afternoon. Once within a 
sampling plot, we actively searched for birds using either visual or 
acoustic cues. Upon seeing a bird, we observed it using binoculars (Zeiss 
Terra ED 8x42) for the time period when it was clearly visible. For each 
such observation, we noted (a) start time and end time (to calculate the 
duration of the observation in seconds), (b) species identity, (c) foraging 
height using a laser rangefinder (Hawke LRF400), (d) the number of 
foraging attempts made by the individual, and whether each attempt 
was a success or a failure, (e) the food item that was targeted during each 
attempt, (f) the substrate from which the food item was captured, and 
(g) the foraging manoeuvre used to attempt each instance of feeding. We 
ended each observation when the bird was no longer clearly visible. We 
classified a foraging attempt as a success if we observed the bird swal-
lowing after making a foraging attempt. Along with foraging, birds were 
also observed involved in other non-foraging behaviours such as 
preening and calling. 

Foraging manoeuvres were classified following (Robinson and 
Holmes, 1982) as hover (bird captures a stationary food item while it is 
itself in flight), glean (stationary bird capture stationary prey) or sally 
(flying prey is pursued and captured while the bird is in flight) was also 
recorded. Weather updates were recorded every half an hour in the form 
of presence or absence of sun, cloud, fog and rain during fieldwork. Data 
from the first five days of fieldwork were considered trial data and 
therefore excluded from the analyses. 

2.3. Analytical methods 

2.3.1. Temperature and relative humidity 
Because (a) multiple temperature and humidity records were 

measured by the same logger and (b) each sampling plot had multiple 
loggers placed it in (Fig. 1), measures of these two climatic variables are 
highly pseudoreplicated and logger identities are nested within plot 
identity. To analyse the temperature and humidity data, therefore, we 
used nested mixed effects models in the lme4 package in R (Bates et al., 
2015) parameterised as follows: 

lmer(temperature/humidity ∼ habitat + (1|plot/logger) )

where habitat was a fixed factor variable with two levels (primary and 
logged), plot was a random factor variable with four levels (two plots 

K. Aggarwal et al.                                                                                                                                                                                                                              



Forest Ecology and Management 541 (2023) 121076

4

each in primary and logged forest) and logger was a random factor 
variable representing the identity of each of 80 temperature and hu-
midity loggers that logged multiple records of temperature and humidity 
across the 24-hr period. From these mixed models, we report differences 
in temperatures and humidities between primary and logged forest (i.e., 
effect size), 95% confidence intervals of effect size and marginal and 
conditional R2 values (i.e., goodness of fit). 

2.3.2. Arthropod numbers and selective logging 

We calculated arthropod densities after combining the data from the 
pitfall trap, branch beat and sticky traps at each station. We used 
generalized linear models (GLMs) with categorical habitat types (pri-
mary or logged) to model the impact of logging on arthropods. 

2.3.3. Arthropod community composition 
We used non-metric multidimensional scaling (NMDS) ordination 

analysis to compare order-level arthropod community composition in 
primary and logged forest using the Morisita-Horn index in the R 
package vegan (Oksanen et al., 2019; R Core Team 2021). For the NMDS 
analysis, each “site” was an arthropod sampling station, and for each 
station, we combined the arthropod data from the pitfall and sticky traps 
and branch beats. Therefore, each point in the NMDS visualisation 
represents the composition of arthropods obtained from the three sam-
pling methods at a single sampling station. We excluded arthropod or-
ders represented by fewer than ten individuals collected from the 
analysis. 

2.3.4. Time spent foraging 
For individual species with at least ten observations (49 species), we 

calculated the time spent foraging (total time in seconds the species was 
observed actively foraging, and the time spent engaged in other activ-
ities such as preening) in primary and logged forest separately. These 
data were overdispersed, and to address this, we used a GLM in the 
quasibinomial family with cbind(time spent foraging, time not foraging) 
as the response variable in R (Bates et al., 2015), formulated as follows:  

where habitat was a fixed factor variable with two levels (primary and 
logged), stratum was a fixed factor variable with three levels (under-
storey, midstorey and canopy) and manoeuvre was a fixed factor vari-
able with two levels (sally and non-sally; gleaners and hover-feeders 
were clubbed into a single category of birds feeding on prey in vegeta-
tion). The variable plot is a random factor variable with four levels. 
Colons in the formulation represent interactions between predictor 
variables. 

2.3.5. Foraging success 
For each species with at least 10 observations in primary and logged 

forest separately, we first selected only the observations in which an 
individual was actively foraging. For each such observation, we calcu-
lated the number of successful and failed foraging attempts – this in-
formation was used as a response variable in a binomial generalised 
mixed model in the lme4 package in R (Bates et al., 2015) with the 
following formulation: 

Fig. 2. Daily temperature (℃; a), and relative humidity (%; b) trends in primary and logged forest measured by multiple temperature-humidity loggers in two plots 
in each kind of habitat (see Fig. 1). Solid lines indicate trends from locally estimated scatterplot smoothing (LOESS) and polygons around the lines 95% confidence 
intervals around the mean trend. 

Proportion of time spent foraging [(cbind(time spent foraging, time not foraging)] ∼ habitat +
log(mass) + stratum + manoeuvre+

habitat : log(mass) + habitat : stratum + habitat : manoeuvre+
habitat : log(mass) : stratum + habitat : log(mass) : manoeuvre   
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where habitat was a factor variable with two levels (primary and log-
ged), stratum was a factor variable with three levels (understorey, 
midstorey and canopy) and the manoeuvre was a factor variable with 
two levels (sally and non-sally; gleaners and hover-feeders were clubbed 
into a single category of birds feeding on prey in vegetation). Colons in 
the formulation represent interactions between predictor variables. The 
sampling plot (“plot”) was included as a random effect. All analyses 
were done in R (R Core Team, 2022). 

3. Results 

3.1. Changes to the abiotic environment with selective logging 

On average over the entire 24-hr daily period, primary forest was 
0.81 ◦C cooler than logged forest (95% CI = [− 2.14 ◦C, 0.51 ◦C]; mar-
ginal R2 = 0.01, conditional R2 = 0.08). However, this seemingly small 
“average” temperature difference hides important differences in the 
daily temperature regimes of primary and logged forest. Logged forest is 
more thermally variable than primary forest, being slightly cooler than 
primary forest at night, warming far more rapidly by day, and almost 3 
◦C warmer than primary forest at mid-day (difference in temperatures 
between primary and logged forest at 1300 hrs = 2.89 ◦C [1.51 ◦C, 4.24 
◦C], marginal R2 = 0.09, conditional R2 = 0.10; Fig. 2). Regardless of 
time of day, logged forest was 20% less humid than primary forest 
(difference in average humidity between primary and logged forest =
20.7% [14.0, 20.7], marginal R2 = 0.43, conditional R2 = 0.55; Fig. 2). 
Average plot-level differences in temperature and humidity are shown in 
supplementary material, Fig. S1. 

3.2. Selective logging and arthropod densities 

We captured a total of 7,222 arthropods from the three different 
traps (primary forest: 4,198; logged forest: 3,024). Foliage arthropod 
density was higher in primary forest (branch beats; ANOVA, F1,106 =

4.22; p < 0.01; Fig. 3) while density of arthropods in flight was higher in 
logged forest (sticky traps; Poisson ANOVA, z1,106 = − 5.15; p < 0.01; 
Fig. 3). There was no difference in the density of terrestrial arthropods in 
primary and logged forest (pitfall traps; Poisson ANOVA, z1,106 = 0.33; p 
= 0.75; Fig. 3). 

We found that arthropod communities are largely composed 

differently in primary and logged forest. Primary forest harbored more 
arthropods from the orders Arachnida (spiders, etc.) and Hemiptera 
(bugs), whereas logged forest had higher densities of Dipterans (flies; 
Fig. 4). 

3.3. Foraging by birds in primary and logged forest 

We observed 2,106 individual birds from 97 species for varying 
lengths of time (01 to 245 s, mean observation length = 38 s). Of these, 
1,005 observations (with 2,065 instances of feeding attempts) were in 
primary forest and 1,101 (2,242 feeding attempts) were in logged forest. 
On limiting the data to only those species for which we had at least 10 
observations in both primary and logged forest, we obtained data on 
1,050 observations of 49 species, of which 593 observations were of 
birds attempting to feed, and 457 were non-feeding observations (e.g., 
birds preening or singing). 

3.4. Proportion of time spent foraging by birds in primary and logged 
forest 

Contrary to our expectations, we found that insectivorous birds spent 
6% more of their time foraging in logged than in primary forest (dif-
ference in proportion time spent foraging between primary and logged 
forest = 0.06 [0.01, 0.11], Mcfadden’s pseudo R2 = 0.21; Fig. 5). The 
higher time spent foraging in logged forest was independent of species 
traits such as body mass, foraging manoeuvre (gleaning or sallying) and 
foraging stratum (understory, midstorey or canopy). 

3.5. Foraging success 

Habitat (primary or logged), body mass, foraging manoeuvre and 
foraging stratum were all important determinants of foraging success (i. 
e., the proportions of attacks on prey that were successful; binomial 
generalised mixed-effects model with the plot as a random effect; mar-
ginal R2 = 0.26, conditional R2 = 0.30; Type II Analysis of Deviance 
table in Table S1; Fig. 6). 

For all understorey, midstorey and canopy gleaners foraging success 
did not vary with body mass in primary forest but declined sharply for 
larger species in the understorey and canopy of the logged forest and 
weakly in the midstorey of logged forest (Fig. 6a). Salliers showed 
stronger patterns of foraging success with body size in logged than in 

Fig. 3. Arthropod densities in pitfall traps (terrestrial arthropods), branch beats (foliage arthropods) and sticky traps (flying arthropods) primary and logged forest.  

Foraging success ∼ glmer(habitat + log(mass) + stratum + manoeuvre + habitat : log(mass) +
habitat : stratum + habitat : manoeuvre + habitat : log(mass) : stratum+

habitat : log(mass) : manoeuvre + (1|plot),
family = ``binomial’’)
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primary forest (Fig. 6d-f). In both the understorey and midstorey, larger 
salliers had greater foraging success than smaller salliers (Fig. 6d, e), a 
pattern opposite to that observed for gleaners (Fig. 6a, b). 

4. Discussion 

Our results indicate that selective logging has important impacts on 
temperature-humidity microclimates, the abundances of different types 
of arthropods and on both the time spent foraging and foraging success 
of insectivorous bird species. Insectivorous birds are particularly 
threatened by all forms of forest degradation (Powell et al., 2015). Here, 
we show that foraging success differs variably with body masses of 
insectivorous gleaners and salliers at different strata (understorey, 
midstorey and canopy) of logged and primary forest depending on the 

availability of prey arthropods. 
Surprisingly, we found that birds spent more time foraging in logged 

than in primary forest, contrary to our prediction that warmer temper-
atures in logged forest would limit foraging activity because of thermal 
stress. While warmer temperatures in logged forest might potentially 
lead to thermal stress, higher temperatures and the decline in humidity 
with logging might at the same time result in a lower abundance of 
arthropod food resources, which we report here for foliage arthropods 
(Fig. 4). The diets of foliage gleaners are dominated by lepidopterans 
(butterflies and moths), hemipterans (bugs) and arachnids (especially 
spiders) (Supriya et al., 2020). We show a reduced abundances of ar-
thropods from these orders with logging. Most birds in logged forest 
might therefore have to spend more time and energy foraging in order to 
meet food requirements compared with birds in primary forest. 
Spending a greater amount of time foraging is likely to come at the cost 
of time allocated to other activities such as reproductive effort (Abrams, 
P. A. 1991). The necessity to expend greater energy in obtaining suffi-
cient food might underlie observed patterns in body condition (for 
almost all species, individuals are significantly lighter in logged than in 
primary forest; Srinivasan and Wilcove, 2021), and consequently de-
mographic performance in terms of survival and recruitment (Sriniva-
san, 2019; Srinivasan and Wilcove, 2021). 

Temperature and humidity play an important role in the regulation 
of arthropod diversity and biomass (Savopoulou-Soultani et al., 2012). 
Being ectotherms, arthropods are highly dependent on external tem-
perature and moisture for normal physiology (Bale et al., 2002; 
Menéndez, 2007; Jaworski and Hilszczański, 2013). Invertebrates also 
tend to have narrow thermal and moisture tolerances (Deutsch et al., 
2008, Højer et al. 2001) and are likely to deal poorly with changes in 
temperature and humidity (Peck et al., 2008). Changes in these abiotic 
variables with logging could therefore impact arthropod availability for 
insectivorous bird species. We found that the density of arthropods in 
foliage (fed on by gleaning birds) was far higher in primary than in 
logged forest but found the opposite pattern for flying insects (fed on by 
sallying birds), which were significantly more common in logged forest. 
These patterns are limited to only the understorey and midstorey strata 
of the forest; we did not sample canopy arthropods. 

The patterns in understorey-midstorey arthropod abundance are 
consistent with the finding that, in general, understorey and midstorey 
gleaners have greater foraging success in primary forest where foliage 
arthropods are much more common while understorey salliers are more 
successful in catching prey in logged forest, where arthropods in flight 
are more abundant. Given that arthropod abundance is likely to drive 
foraging behaviour and success, the patterns in foraging success we 
report for canopy species might also result from changes in canopy 
structure, microclimates and arthropod availability. Logging can have a 
negative impact on canopy arthropod abundance (Turner and Foster, 
2009). The loss of vegetation in the canopy of logged forest reduces 
foliage volume in the canopy, and therefore also should reduce foraging 
success for canopy gleaners, especially large canopy gleaners with 
greater resource requirements (Fig. 6c). Small salliers in the canopy of 
the logged forest had higher foraging success than small canopy salliers 
in primary forest (Fig. 6f). However, foraging success for canopy salliers 
declined drastically with increasing body size in logged forest, while 
foraging success of canopy salliers increased with increasing body mass 
in primary forest (Fig. 6f). 

Selective logging might increase the abundance of small flying in-
sects in general and result in a reduction in the density of large flying 
insects. Such a change in the pattern of availability of insect prey might 
explain why – in the canopy – smaller salliers have high foraging success 
in logged forest, but larger salliers have higher foraging success in pri-
mary forest (Fig. 6f). Future work should test whether there is a size- 
dependent change in the density of flying insects with logging, poten-
tially explaining the patterns in foraging success that we report. 

A further possibility is that different changes in vegetation structure 
and composition in different vertical strata in the logged forest – e.g., 

Fig. 4. Non-metric multidimensional scaling (NMDS) ordination of arthropod 
orders shows differences in arthropod community composition between pri-
mary and logged forest (stress = 0.21). Green and brown points represent 
arthropod community samples in primary and logged forest respectively and 
green and brown ellipses standard error ellipses of arthropod community 
composition in primary and logged forest, respectively. (For interpretation of 
the references to colour in this figure legend, the reader is referred to the web 
version of this article.) 

Fig. 5. Proportion of time spent foraging by birds in primary and selectively 
logged forest. Error bars represent standard errors from a Generalized Linear 
Model in the quasibinomial family. 
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increased volume of understory, variable effects in the midstorey and 
thinning of the canopy – can also have variable effects on arthropod 
prey. The abundance, composition and diversity of arthropod prey of 
various types – large versus small, prey in foliage versus prey in flight, 
etc. are all likely impacted by structural changes to the forest following 
logging. Open and sunny patches in the logged forest might increase 
habitat use by flying insects, thereby leading to higher foraging success 
by understorey and midstorey salliers. 

Our work examines the foraging behaviour of montane birds in the 
eastern Himalayas with the aim of understanding the role of a pervasive 
form of land-use change on one of the important drivers of individual 
fitness of birds. We show that selective logging can significantly alter the 
abiotic environment and resource availability for highly vulnerable 
insectivorous birds, with consequences for foraging behaviour. Miti-
gating environmental changes in logged forest (e.g., by providing shade 
to reduce temperatures and increase humidity) might help recover both 
arthropod communities and foraging behaviour by insectivorous birds. 
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Fig. 6. The relationship between foraging success and body mass (g) of insectivorous gleaners (continuous lines) and salliers (dotted lines) in primary (green) and 
logged (brown) forest in the understorey level (a, d); midstorey (b, e) and canopy (c, f). Polygons around the trend lines indicate one standard error. Black bars 
indicate different species. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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