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Abstract
Woodpeckers (family Picidae) are a specialised group of insectivores that are sensitive 
to forest degradation and fragmentation. We evaluated the woodpecker taxa as potential 
indicators of habitat quality and forest bird diversity in temperate moist hardwood forests 
(1500–2400 m asl), a threatened biome in the Western Himalaya. 74 forest sites, selected to 
represent a gradient of anthropogenic use, were surveyed for birds, vegetation structure and 
proportion of land under dense forest in the surrounding landscape. Individual woodpecker 
species were observed to quantify their foraging niche preferences. We found that forest 
sites with higher woodpecker richness were also rich in all other bird species. Further, the 
richness and abundance of woodpeckers and all other birds were affected by similar habi-
tat variables. Four out of the eight woodpecker species occurring in the study area were 
found to fit our habitat models suitably, with canopy cover, tree density, and forest pro-
portion proving to be important variables. Behavioural observations showed that the same 
four woodpecker species significantly preferred larger and taller trees for foraging. Given 
the difficulty of directly monitoring forest characteristics and total bird diversity over large 
landscapes, consistent monitoring of sensitive woodpecker species can provide answers to 
both. Further, as woodpeckers are moderately common and conspicuous birds, areas with 
high woodpecker diversity can be easily identified and prioritised for conservation.
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Introduction

Globally, a large proportion of forests are subject to subsistence needs as well as other 
forms of extraction such as selective logging and silvicultural practices, all of which 
cause habitat degradation (Nobel and Dirzo 1997; Borghesio 2008; Edwards et  al. 
2011). In order to manage forests sustainably one needs to monitor forest structure, 
faunal diversity, and the relationship of faunal species to forest habitats. (Lindenmayer 
et al. 2000). A complete monitoring effort is not always possible since it is rather time-
consuming, labour intensive and requires a high level of expertise. In such cases, one 
may rely on forest indicator species whose populations are reflective of the general 
health of forests (Peterken 1996; Thomson et al. 2005). Further, forest indicator species 
can also be used to delineate diversity-rich habitats for creation of protected areas where 
governmental resources can be prioritised (Schuster and Arcese 2013; Arponen 2012).

Due to their close association with forests, woodpeckers across their range are 
often considered to be good indicators of forest structure, diversity, and overall quality 
(Drever et  al. 2008; Mikusiński et  al. 2001). Various studies have found woodpeckers 
to prefer components of forest structure that are representative of primary forests. For 
instance, Stachura-Skierczyńska et al. (2009) found a strong association of the Three-
toed Woodpecker (Picoides tridactylus) with forest vertical stratification in the mature 
old-growth forests of Poland. The largest woodpecker species in Asia, the Great Slaty 
Woodpecker (Mulleripicus pulverulentus), has been seen to forage on large trees (above 
43 cm in diameter) in Borneo, and nest high above the ground (Lammertink 2004; Lam-
mertink et al. 2009). Similarly, in northern Europe (Roberge et al. 2008) and the Hima-
layan foothills (Kumar et  al. 2014), woodpecker species were associated with forests 
that had large trees and abundant snags (deadwood). Large trees may provide greater 
surface area for foraging while taller forests with more complex vertical structure pro-
vide woodpeckers with safer nesting locations. Dead, decaying wood tends to be easier 
to excavate and is a preferred nesting substrate (Kumar et al. 2014). This makes wood-
peckers vulnerable to both forestry operations as well as subsistence extraction (Mitra 
and Sheldon 1993; Styring and Hussin 2004; Menon et al. 2019). Several woodpecker 
species thus respond negatively to selective logging, lopping of trees and removal of 
dead wood from the tree and shrub layers (Menon et al. 2019; Du Plessis 1995).

Presence of high diversity of woodpeckers signifies a diverse and naturally dynamic 
forested landscape (Kumar et al. 2011). Due to their habit of modifying their environ-
ment and providing resources to a large number of forest species, woodpeckers greatly 
multiply the alpha-diversity of forest habitats (Drever et  al. 2008). Woodpeckers are 
considered to be keystone species in forest ecosystems as they provide cavities for a 
variety of other animal species and expose tree trunk surfaces for foraging by other spe-
cies (Bednarz et al. 2004; Martin and Eadie 1999; Ojeda 2003). Larger species of wood-
peckers are known to play a disproportionately larger role in shaping forest ecosystems, 
such as the Black Woodpecker (Dryocopus martius) which creates some of the biggest 
and most abundant cavities for secondary cavity nesters (Martin et  al. 2004; Virkkala 
2006).

At the population level, most woodpecker species are neither too rare nor too com-
mon, largely resident, and fairly conspicuous due to their loud calls, colourful plumage 
and tree drumming behaviour (Drever et al. 2008; Mikusiński et al. 2001). This makes 
woodpeckers easily identifiable across their range so amateur birdwatchers and field per-
sonnel may be trained in their species-level identification (Angelstam and Mikusiński 
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1994; Mikusiński 2006). All these characteristics make woodpeckers easier to monitor 
and hence effective candidates for forest indicator species from a management point of 
view.

The hotspots of woodpecker diversity are in the tropical and sub-tropical countries of 
South-east Asia, Equatorial Africa and South and Central America. Yet more than half of 
the published studies on woodpeckers are from North America and Europe, which account 
for only 17% of Picidae species (Mikusiński 2006). Woodpeckers are largely under studied 
in tropical countries, even those where forests face high levels of threat. There is there-
fore an urgent need for studies on woodpecker assemblages, particularly on their habitat 
requirements, their ecological function and, in turn, their possible role as conservation 
surrogates.

While indicator species, specifically woodpeckers, can make an important contribu-
tion to the conservation of forest biodiversity, they must be tested rigorously. Further, the 
relationships between indicator species and what they are specifically indicative of, need 
to be validated (Drever et  al. 2008; Roberge and Angelstam 2006; Vellend et  al. 2008). 
The broad objective of this study is that given woodpeckers prefer more intact forests, 
can woodpecker diversity inform the health of a forest and its bird diversity, especially 
in regions with diverse woodpecker assemblages? We aimed to (1) assess the correlation 
between woodpecker richness and avian richness; (2) investigate whether woodpecker 
diversity and avian diversity respond similarly to various components of habitat structure 
at local and landscape scales; and (3) explore niche preferences of woodpecker species 
with respect to height and girth of foraging trees in order to better understand their possible 
role as indicators of forest quality.

This study is part of an ongoing long-term research project that is being carried out to 
understand the impacts of land use change on bird communities in the middle Himalayas 
since 2016.  The current study builds on our previous work on avifaunal communities (see 
Menon et al 2019) through more intensive sampling of the woodpecker taxa and extending 
it over two more field seasons.

Methods

Study area

The study was carried out in a 400  km2 study area, covering parts of Nainital and Almora 
districts in the north-western state of Uttarakhand in India (bounded by the latitudes 
29.521°N and 29.388°N; longitudes 79.586°E and 79.548°E; Fig. 1). The study area covers 
the middle elevational zone (1500–2400 m asl) of the Himalayas and the forests here are 
classified as Himalayan moist temperate (hardwood) forests (Champion and Seth 1968). 
The temperature in the study area ranges between – 6 °C in the winter to about 25 °C in 
the summer and average precipitation is around 1284 mm with significant snowfall in the 
winter (Indian Meteorological Department).

The study area is part of the Western Himalayan temperate forest biome which has 
high faunal diversity and harbours a large number of endemic bird species (Birdlife Inter-
national 2016a, b). The forests here are largely dominated by banj oak (Quercus leu-
cotrichophora) that occurs along with species such as Rhododendron arboreum, Lyonia 
ovalifolia, Myrica esculenta and Indian horse chestnut (Aesculus indica) (Singh and Singh 
1986). In this elevational range, stands of banj oak forests alternate with those of chir pine 
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(Pinus roxburghii) which is considered to be an early successional species. According to a 
previous study, oak-dominated (Quercus spp.) forests found in this biome sustain high bird 
diversity, with 136 species reported of which 45% are forest specialists (Menon et al. 2019; 
Shahabuddin et al. 2017). In recent times an increasing human population (both local and 
tourist) has put heavy pressure on these forest resources, which have also been affected 
by expanding urbanization and development (Makino 2011; Singh et al. 2014). Recently, 
extractive activities have been shown to affect forest structure which, in turn, affect bird 
communities in this landscape (Menon et al. 2019). It is thus necessary to delineate indi-
cator species for this forest biome, which is little studied and  located in an Endemic Bird 
Area where there are few protected areas or management plans currently in operation (Sha-
habuddin et al. 2017).

This region is home to eight species of Picids, namely the Brown-fronted Woodpecker 
(Dendrocoptes auriceps), Himalayan Woodpecker (Dendrocopos himalayensis), Greater 
Yellownape (Chrysophlegma flavinucha), Lesser Yellownape (Picus chlorolophus), 
Rufous-bellied Woodpecker (Dendrocopos hyperythrus), Grey-headed Woodpecker (Picus 
canus), Scaly-bellied Woodpecker (Picus squamatus) and Speckled Piculet (Picumnus 
innominatus) (Shahabuddin et al. 2017).

Using a combination of local knowledge and high-resolution satellite imagery (Google 
Earth) we selected 74 study sites in forest stands along a gradient of forest degradation 
which ranged from dense protected forests to intensively harvested and managed forests. 
Protected old-growth forest stands had taller and larger trees along with a dense canopy 
and understory of shrubs and samplings. Harvested forests tend to have more open canopy, 
smaller and shorter trees, and sparser understory. Each site comprised a point location at 
least 50 m from a forest edge, and at least 200 m from the next nearest site. Sites were cho-
sen in both contiguous as well as fragmented oak forest across the study region.

Fig. 1  Map of study area in the Nainital district of Uttarakhand, India showing locations of study sites 
(solid circles)
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Bird data

We used point counts with a fixed radius of 30 m (Hutto et al. 1986; Bibby et al. 2000) in 
order to survey birds at each study site. Each study site was sampled twelve times from 
November 2017 to April 2019 by Tarun Menon with help of a field assistant. Care was 
taken to sample each site equally in winter (November to January) and spring (February 
to May) so that any seasonal variations were taken into account. For further details of the 
point count method adopted, see Menon et al. (2019). Since woodpeckers forage actively 
and are vocal, they were easily found if they were present in the area. If woodpecker calls 
were heard, an observer located the bird in order to collect data on foraging behaviour; 
further, the DBH (diameter at breast height) and height of foraging trees were recorded for 
each woodpecker sighting.

Habitat data

To quantify vegetation structure, three 100  m2 circular plots were established 15 m from 
the centre of the point count and at an angle of 120° from each other. Within each plot, 
vegetation structural variables that are known to influence bird nesting and foraging were 
measured. These are maximum canopy height (m), mean tree girth (cm), tree density 
(trees/100  m2), canopy cover (%), basal area (cm), understory density (stems/100  m2) and 
vertical stratification. All vegetation variables were measured in the three 100  m2 plots and 
then averaged to obtain a single value for each site, thus accounting for within-site vari-
ability in vegetation structure. To measure basal area, tree density and mean tree girth for 
each plot all trees with a DBH greater than 10 cm were identified, counted and their DBH 
recorded. Canopy cover was measured at the centre of each plot, using a canopy densitom-
eter. One reading was taken in each of the four cardinal directions and averaged to get a 
reading for canopy density per plot. The height of each tree was estimated by calibrating 
the height of one of the observers, who would stand next to the base of the tree, while the 
other observer estimated the tree height, approximating it as a multiple of the observer’s 
height. It was not possible to use a clinometer for measuring tree heights due to the steep 
terrain and dense vegetation in most sites. The height of the tallest tree in each plot was 
averaged across the three plots to get a single value of maximum canopy height per site. 
Understory density was defined as total number of stems of saplings, shrubs and bushes 
that had a minimum height of 0.5 m and DBH ≤ 10 cm. Understory density was estimated 
within a circular sub-plot of 2.55 m radius (20  m2 in area) which was nested within each 
of the three plots at a site. Stems in the understory were further divided into two height 
categories (0.5 m–1.5 m and > 1.5 m) and numbers in each category were counted. Ver-
tical stratification was calculated using Shannon’s diversity index based on presence or 
absence of vegetation at different height intervals (0–1, 1–2, 2–3, 3–4, 4–6, 6–8, 8–12, 
12–16, > 16 m) directly above and within a 50 cm radius of a given point, as indicated by a 
6 m pole (Daniels et al. 1992; Shahabuddin and Kumar 2007). Measurements for vertical 
stratification were made in 12 locations per site (4 per plot).

The proportion of dense forest occurring within a 500 m radius of each survey point 
(forest proportion) was calculated using a land use land cover (LULC) map that divided 
the study site into six land cover categories, namely, pine forest, dense (protected) oak 
forests, heavily degraded oak forest, built-up area, agricultural land, and water bodies. 
This map was developed for a previous study using multispectral Landsat 8 imagery and 
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demonstrated an overall accuracy of 82% with a kappa hat value of 0.77 (Menon et  al. 
2019).

Data analysis

We carried out correlation analysis between species richness of woodpeckers and the rich-
ness of the entire bird community (excluding woodpeckers) in each forest site using Pear-
son’s correlation coefficient (r). We used Generalised Linear Mixed Models (GLMM) with 
a Poisson distribution and each temporal replicate as a random effect to evaluate the influ-
ence of various vegetation covariates and forest proportion on bird species richness and 
abundance as well as woodpecker richness and abundance. This way it was possible to 
compare if woodpecker diversity and overall bird diversity are driven by the same habi-
tat covariates. Generalised Linear Models (Logistic) were used to model the occurrence 
probability of individual woodpecker species with the vegetation covariates and forest pro-
portion. Model predictions were back transformed and the probability of occurrence was 
plotted against varying levels of each individual covariate while keeping the rest constant 
at their mean. We used Pearson’s correlation coefficient to test for collinearity amongst 
explanatory variables (Online Resource 1: Table 1). If the correlation coefficient between 
a pair of covariates was greater than |0.6|, only one (the one we considered ecologically 
more relevant) was included in the model. To allow comparison of model parameter esti-
mates the selected explanatory variables were standardised at mean = 0 and standard devia-
tion = 1. To evaluate goodness-of-fit of the GLMMs to the data, we calculated marginal  R2 
and conditional  R2 values using the method described by Nakagawa and Schielzeth (2013). 
We used Mc Fadden’s pseudo  R2 to assess the fit of logistic regression models. All mod-
elling was carried out in R 3.5.0 (R Development Core Team 2014), using the packages 
“lme4” (Bates et al. 2014), “MuMIn” (Barton 2018), “pscl” (Jackman 2020) and “aiccmo-
davg” (Mazerolle 2017). To check for spatial autocorrelation a Moran’s I test was carried 
out, using the residuals of the models for all response variables using the package “ape” in 
R 3.5.0 (R Development Core Team 2014).

Niche preferences of the woodpecker species with respect to choice of DBH class and 
height of foraging tree were analysed using resource selection indices based on Davies 
et al. (2012). This index is useful for quantifying preference and avoidance behaviour of 
animal species with respect to specific resources.

Results

During our study, we made 10,966 bird detections of 122 species across the 74 study sites. 
Of the total detections, 578 were of woodpecker species, with the Brown-fronted Wood-
pecker being the most common (265 detections) and the Lesser Yellownape being the 
least common (7 sightings) (Online Resource 1: Table 2). There were 293 detections of 
woodpeckers on trees for which we were able to record data related to foraging behaviour. 
Woodpecker abundances were found to remain largely constant across the winter and the 
spring season (Fig. 2), thus justifying the consolidation of data over the two seasons for 
statistical analysis.

Woodpecker richness was significantly positively correlated with the species richness 
of all other birds with a Pearson’s correlation coefficient of 0.49 that was significant at 
p < 0.01 (Fig. 3).
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Richness and abundance of both woodpeckers and the entire bird community were 
strongly dependent on canopy cover (positively) and tree density (negatively) (Table  1). 
Understory density (stems < 1.5 m) on the other hand had a strong positive effect on the 
overall bird community but only a weak effect on woodpeckers. The other covariates, 
which included understory density (stems > 1.5 m), vertical stratification and forest propor-
tion, had far weaker effects. Goodness-of-fit test using marginal and conditional  R2 showed 
that the bird abundance model had good fit (marginal  R2 = 0.35, conditional  R2 = 0.73) 
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while bird species richness showed a weaker yet reasonable fit (marginal  R2 = 0.14, con-
ditional  R2 = 0.19). Similarly, the woodpecker abundance model had good fit (marginal 
 R2 = 0.23, conditional  R2 = 0.43) while the model of woodpecker richness had marginal 
 R2 = 0.17 and conditional  R2 = 0.26.

Since only canopy cover and tree density were found to have strong effects on wood-
peckers, we modelled individual woodpecker occurrence with the aforementioned local 
vegetation variables and forest proportion (landscape variable) using Generalised Linear 
Models (Logistic). The probability of occurrence of both the Rufous-bellied Woodpecker 
and Greater Yellownape was strongly dependent on canopy cover. Both woodpeckers had 
very low probability of occurrence at low levels of canopy cover which increases drasti-
cally once the canopy cover increases beyond 50% (Fig. 4). Forest proportion had a weak 
positive effect and tree density had a weak negative effect on Rufous-bellied Woodpecker 
occurrence, but neither seem to have much of an effect on Greater Yellownape (Fig. 4). 
Models of Rufous-bellied Woodpecker and Greater Yellownape occurrence had good fit 
(Mc Fadden’s pseudo  R2 = 0.33 and 0.28 respectively). Tree density had a strong nega-
tive effect on the occurrence of the Brown-fronted Woodpecker while forest proportion 
and canopy cover had a negligible effect (Fig. 4). Models of Brown-fronted Woodpecker 
presence had good fit (Mc Fadden’s pseudo  R2 = 0.37). The occurrence of the Himalayan 
Woodpecker depends strongly on forest proportion (Online Resource 1: Table 3; Fig. 4). 
On the other hand, canopy cover had a weak positive effect while tree density had a neg-
ligible effect on Himalayan Woodpecker occurrence. Models of Himalayan Woodpecker 
occurrence had average fit (Mc Fadden’s pseudo  R2 = 0.16). Canopy cover had a strong 
positive effect on the occurrence of the Grey-headed Woodpecker but the model had poor 
fit (Online Resource 1: Table 3). The occurrence of Scaly-bellied Woodpecker, Speckled 
Piculet and Lesser Yellownape could not be sufficiently predicted by any of our covariates 
and model fit was poor (Mc Fadden’s pseudo  R2 < 1) (Online Resource 1: Table 3).

Of the eight woodpecker species, the Grey-headed Woodpecker and the Scaly-bellied 
Woodpecker, were rarely seen on trees and were most often foraging on the ground. Of 
the other species, only four were observed frequently enough (> 50 detections) on trees 
to analyse foraging behaviour and niche preferences: Greater Yellownape, Rufous-bellied 

Fig. 4  Predicted probability of occurrence of 4 woodpecker species at varying levels of canopy cover, tree 
density (per 100   m2) or forest proportion. Each panel represents a variation in one explanatory variable 
while keeping the other two constant. The dotted line represents the 95% confidence interval
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Woodpecker, Brown-fronted Woodpecker and Himalayan Woodpecker. All four species 
were found to prefer trees with a DBH greater than 30 cm and had a strong preference for 
trees with DBH greater than 45 cm (Fig. 5). In terms of tree height, the Greater Yellownape 
was found to prefer trees that were between 10 and 19 m tall (Fig. 6). The Brown-fronted 
Woodpecker preferred trees that were taller than 12 m while the Himalayan Woodpecker 
and Rufous-bellied Woodpecker preferred trees taller than 16 m (Fig. 6).

Discussion

Woodpeckers have been examined as indicator species in temperate forests across North 
America and Europe (Drever et al. 2008; Mikusiński et al. 2001; Roberge and Angelstam 
2006). However, there has been limited work on this taxon in Asia, particularly in the Him-
alayan region. Our study supports the utility of woodpecker taxa as indicators of forest 
health and diversity in managed hardwood forests. From the perspective of conservation 
planning, our results indicate that maintaining forest habitats that allow for a diversity of 
woodpeckers is highly likely to maintain overall avian diversity. Furthermore, our results 
are consistent with the general finding that smaller subsets of species (of Family Picidae) 
can be good predictors of the full suite of species at a given location (see also Vellend 
et  al. 2008). Given the large dataset spanning 2 years and the fact that five of the eight 
woodpecker species found here (Greater Yellownape, Lesser Yellownape, Rufous-bellied 
Woodpecker, Grey-headed Woodpecker and Speckled Piculet) range across large parts of 
South and South East Asia, the results of this study are relevant to forest conservation and 
management well beyond our study area.

Fig. 5  Numbers of sightings of each woodpecker species on trees of different girth (DBH). Preference and 
avoidance for a given DBH class were calculated using a resource selection index based on Davies et al. 
(2012). Refer to Table 4 in Online Resource 1 for the resource selection index values and the number of 
trees available in each girth class
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We found that canopy cover had the strongest effect (positive) on woodpecker rich-
ness and abundance as well as the richness and abundance of all other birds. This sug-
gests that woodpeckers, in general, prefer sites with dense canopy architecture, a prefer-
ence mirrored by the larger bird community in our study, although to a weaker extent. 
This adds to the general reliability of woodpecker diversity as an indicator of commu-
nity diversity.

We found that both woodpecker richness/abundance and the richness/abundance of all 
other birds were strongly negatively associated with tree density. Our observations indi-
cate that protected sites with larger and taller trees usually have lower tree density, largely 
due to suppressed regeneration and sapling growth caused by shade effects. Conversely, 
degraded stands or forest stands recovering from past disturbance have larger numbers of 
younger trees and hence show higher tree density, but low mean tree girth. This supposition 
is supported by highly negative correlation between mean tree girth and tree density across 
the 74 sites (Pearson’s correlation coefficient −0.64; p < 0.05). In addition, we found that 
canopy cover is strongly positively correlated with canopy height, thus, densely canopied 
forests also tend to be taller (Online Resource 1: Table 1). This suggests that woodpeckers 
may be responding to canopy height and tree girth in addition to simply canopy cover and 
tree density, an inference strongly supported by foraging observations as well.

We found that both woodpeckers and the larger bird community prefer undisturbed 
forest sites with fewer yet larger trees. However, we found that understory density had a 
stronger effect on bird diversity than on woodpecker diversity. A number of studies have 
found the forest understory to be an important refuge for ground foragers such like pheas-
ants and laughing thrushes but not for woodpeckers, which largely forage on tree trunks in 
the mid-story and upper canopy (Dahal et al. 2015; Martin and McIntyre 2007; Sekercioğlu 
et al. 2002; Shahabuddin and Kumar 2007).

Fig. 6  Number of sightings of each woodpecker species on trees of different heights. Preference and avoid-
ance for trees of different height classes was calculated using a resource selection index based on Davies 
et al. (2012). Refer to Table 5 in Online Resource 1 for the resource selection index values and the number 
of trees available in each height class
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Both the Rufous-bellied Woodpecker and the Greater Yellownape showed a strong posi-
tive association with canopy cover. Good canopy cover helps maintain the microclimatic 
factors, that in turn support insect life for woodpeckers’ foraging requirements (Sekercioğlu 
et al. 2002). For the Rufous-bellied Woodpecker, our results confirm trends seen in Sha-
habuddin et al. (2018); the importance of canopy cover remains consistent. Thus, of the 
eight woodpecker species these two woodpecker species would perform well as predic-
tors of habitat quality. Our results point towards the Rufous-bellied Woodpecker and the 
Greater Yellownape being particularly vulnerable to forest degradation in subsistence for-
ests as reduced canopy cover is a key effect of excessive lopping in this landscape (Menon 
et al. 2019).

The Himalayan Woodpecker showed the strongest response to forest proportion which 
suggests that this species may be a better indicator of landscape composition than of local 
factors. The Grey-headed Woodpecker could also act as an indicator of undisturbed forests, 
a result that concurs with a study conducted on woodpeckers in the lower elevations of the 
Himalayas (Kumar et al. 2011). Yet considering the low  R2 values of the habitat models of 
both the Himalayan Woodpecker and the Grey-headed Woodpecker presence, inferences 
should be made cautiously for these two species.

The Brown-fronted Woodpecker, by itself, may not be very useful as an indicator spe-
cies as it was seen at 67/74 sites and had a high predicted probability of occurrence irre-
spective of canopy cover, tree density and forest proportion. Although tree density had a 
negative effect on Brown-fronted Woodpecker occurrence, even at high tree densities (> 50 
trees/100  m2) its probability of occurrence was higher than all the other woodpecker spe-
cies (Fig. 4). A possible explanation is that it is also a generalist species with less special-
ized habitat requirements—as has been found for the Black-rumped Flameback (Dinopium 
benghalense) in the lower elevation subtropical forests of the Himalayas (Kumar et  al. 
2014). We have observed the Brown-fronted Woodpecker foraging often in more degraded 
habitats like in orchards and forest edges, thus supporting this categorisation.

Niche preference analysis indicated that most of the woodpecker species prefer taller 
and larger trees, which are characteristic of old-growth protected forest in this region 
(Menon et al. 2019). This partially explains why old-growth protected forests also harbour 
higher woodpecker diversity. In order to conserve foraging resources of vulnerable wood-
pecker species like the Greater Yellownape and Rufous-bellied Woodpecker as well as 
other species like the Brown-fronted Woodpecker and Himalayan Woodpecker, managers 
should encourage practices that retain large trees, especially those with a DBH greater than 
45 cm. Similarly, tall trees, especially those taller than 12–13 m, need to be protected since 
the Rufous-bellied Woodpecker, Brown-fronted Woodpecker and the Himalayan Wood-
pecker prefer to forage in them. However, there are certain anomalies in the resource selec-
tion results, mainly due to the lack of sufficient observations of species such as Greater 
Yellownape, which are naturally rarer in this ecosystem. Extending the study temporally is 
likely to yield clearer results for such rare species. Additionally, research on nesting behav-
iour of woodpecker species may help further elucidate the reasons underlying the patterns 
seen in this study.

Based on our findings, we propose that two species, the Greater Yellownape and the 
Rufous-bellied Woodpecker, should be adopted as indicator species for forest management 
and conservation planning. They are most specialised for foraging in protected forest, as is 
indicated by high probability of presence in dense canopied forests with larger and taller 
trees. Both species are vocal, even in the non-breeding season and conspicuous due to their 
colour patterns, and are therefore easily detectable. As the Greater Yellownape is found 
throughout South-east Asia and the Rufous-bellied Woodpecker in the entire Himalayas 
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and parts of East and South-east Asia, both species may serve as indicator species not just 
in the Himalayan oak forest biome but potentially throughout their range.

Habitat loss and degradation are considered to be the biggest threats to woodpecker pop-
ulations (Winkler et al. 2020). It is thus surprising that only 11.5% of woodpecker species 
are considered threatened by IUCN. However, this number hides the fact that habitats with 
high woodpecker diversity- the tropical and sub-tropical forests of South East Asia, Africa, 
and South America- are currently subject to drastic habitat loss. Even more worrying is 
that habitat degradation in the form of changes to  forest structure and composition go 
largely undetected as in the Western Himalayas. Conservation of woodpecker species like 
the Greater Yellownape and Rufous-bellied Woodpecker are of particular concern given 
their strong association with protected forests. The conservation of these woodpeckers can 
be achieved in harvested forests through the maintenance of large trees and canopy cover, 
which is likely to benefit the broader bird community as well.

Conclusion

In our study covering 400  km2 in the mid-elevational broadleaved forests in Western Hima-
layas, we found woodpecker assemblages to be good indicators of both avian diversity as 
well as forest structure: richness and abundance of woodpeckers were significantly posi-
tively correlated with structural variables characteristic of protected old-growth forest. 
Monitoring entire bird assemblages and forest structure would require a lot of time and 
effort especially in terms of developing expertise in all the relevant methods. Since most of 
the woodpeckers described here are moderately common and conspicuous throughout their 
range, their populations can be monitored effectively by field personnel and citizen scien-
tists with basic training. Indicator species like woodpeckers thus have great management 
value as they can help expand the spatial scale of a monitoring effort with the efficient use 
of limited resources. Woodpecker assemblages as well as individual species may thus be 
used productively as conservation surrogates for landscape-level conservation planning and 
forest management.
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