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Lesser Spotted Woodpeckers Dendrocopos minor have dramatically declined and re-
tracted in range in Britain. Pre-breeding foraging may be critical and, although work has
been carried out elsewhere in Europe our knowledge of habitat requirements for British
birds is limited. We aim to describe foraging behaviour and selection of foraging locations
in the pre-breeding period; and to provide descriptions of nest sites and wider habitat se-
lection for nesting. We recorded foraging behaviour, attributes of foraging trees and nest
site characteristics and compared them with random areas within woods. Small branches
of live oaks at heights usually in the upper third of the tree were most frequently used for
foraging. At a wider scale, areas selected contained more deadwood. Nest cavities were
usually placed in the upper half of a tree, and oak was commonly used. For nesting, open
areas were selected with more dead trees and a mature structure. Many of the attributes
important for foraging and nesting have changed in English woodlands in the direction
expected to have negative impacts on this species, except for deadwood. Further work
should measure food availability in areas of differing structures. Knowledge of declining
species’ resource requirements allows targeted and informed management for conserva-
tion.

1. Introduction

The Lesser Spotted Woodpecker Dendrocopos
minor (hereafter LSW) has undergone a massive
decline in numbers (Eaton et al. 2011) and range
(Gibbons et al. 1993) in Britain over the past three
decades, yet our knowledge of its foraging eco-
logy and fine-scale habitat requirements is limited
(Miranda & Pasinelli 2001, Rossmanith et al.
2007), making conservation action difficult.

LSWs are also declining in Scandinavia and conti-
nental Europe (Nilsson et al. 1992, PECBMS
2011) where several studies have been carried out,
primarily in Sweden and Germany, assessing habi-
tat requirements (Wiktander 1998, Wiktander et
al. 1992, 2001, Hontsch 2005, Hogstad 2010).
However, little dedicated work has been carried
out on English populations of the subspecies
comminutus, and it is probable that habitat prefer-
ences are different across the range (Delahaye et
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al. 2010). Three studies have greatly added to our
knowledge of LSW habitat use in England.
Charman et al. (2010) described broad (wood-
scale) habitat requirements that can help target
areas for focussed management. At this scale there
appeared to be selection for open woods within a
heavily wooded landscape. Smith (2007) de-
scribed 16 nest sites and foraging preferences in
Hertfordshire, whilst Glue & Boswell (1994), ana-
lysed nest site characteristics as recorded on 129
BTO Nest Record Scheme cards from 1939 to
1989.

Recent studies of the breeding success of LSW
in England have shown that difficulties in
provisioning chicks by adults can ultimately lead
to brood failure through starvation, and it is sus-
pected that the ultimate cause of this may be food
availability before and during the breeding period
(Charman et al. 2012). For most of the year, LSWs
forage on deadwood invertebrates (Glutz et al.
1980, Cramp et al. 1985) which they obtain by
pecking dead branches or scaling tree bark. In
southern Norway, numbers of breeding LSW fluc-
tuate in synchrony with the population of the moth
Argyresthia goedartella (Selés et al. 2008), an im-
portant food source for the species in Scandinavia
early in the breeding season (Olsson 1998). From
the time of bud-burst the diet changes to one domi-
nated by surface-living arthropods collected from
the bark and foliage of trees (Cramp 1985, Olsson
1998). This is also the main food source for nest-
lings (Olsson 1998, Rossmanith et al. 2007,
Charman et al. 2012).

Olsson et al. (1999) found evidence of a carry-
over effect from the pre-breeding into the breeding
season. They found that birds in territories with
good feeding conditions in the pre-breeding peri-
od were able to nest early, which resulted in more
fledged young per breeding attempt than birds in
poorer territories, indicating the importance of ex-
amining this period in the species’s life-history
further.

Habitat selection at a broad scale in England
has been described elsewhere (Charman et al.
2010). In this paper we set out to investigate forag-
ing methods and sites in late winter/early spring in
the lead up to the breeding season as well as nest
sites selected in the same period. We describe the
foraging habitat of LSWs at the scale of the indi-
vidual foraging bird and its immediate surround-

A

Fig. 1. Tree foraging zones. Each tree was divided
into four vertical height bands A-D, of which Arep-
resents the upper quarter of the tree, B the third
quarter, C the second quarter from where the first
horizontal branches appear, and D the trunk, i.e.,
area between the main horizontal branches and the
ground. The tree was also divided in two horizontal
zones, of which 1 = the outer zone at each vertical
height category, and 2 = the middle zone at each
vertical height category, including the trunk and the
ground.

ings and nest site locations at the nest tree scale and
its immediate surroundings.

Specifically, we ask the follow questions:

1. What are the characteristics of foraging and
nest trees and how do LSWs utilise this re-
source?

2. What are the habitat characteristics of foraging
and nesting areas of woodland?

3. Are LSWs demonstrating habitat selection in
their choices of foraging and nesting sites?

2. Material and methods

2.1. Survey areas

Our study was carried out in South Yorkshire (SY)
and the Hampshire/Wiltshire border (HA) in 2007
and Worcestershire (WO) from 2007 to 2009.
Areas were chosen on the basis that, despite the na-
tional decline, they retained reasonable numbers
of LSWs based on the 1988-91 breeding atlas
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Table 1. Variables recorded for first observations of LSWSs using an instantaneous sampling technique to

measure individual foraging behaviour.

Diameter at breast height (cm) of the foraging tree

Variable recorded Description

Sex Sex of the focal individual
Tree species Species of foraging tree
Tree DBH

Tree height Estimated in metres

Tree status

Foraging zone

Foraging location
Foraging height

Forage branch diameter
Forage branch length
Forage branch status
Foraging technique

Categorised as dead or alive

Broad foraging zone on the tree — refer to Fig. 1

Branch or main trunk

Estimated height (m) of foraging

Estimated diameter of branch (cm) where foraging
Estimated length of branch (m) where observed foraging
Categorised as dead or alive

Scaling, pecking, gleaning

Table 2. Variables recorded at each LSW nest tree.

Variable recorded Description

Tree species
Tree DBH

Tree height
Tree status
Previous woodpecker use
Cavity height
Orientation
Location

Branch length
Branch diameter
Branch status

Species of nest tree

Estimated in metres

Estimated in metres

Diameter at breast height (cm) of the nest tree

Categorised as dead or alive
Old woodpecker cavities, drilling marks, bark stripping.

Direction of the cavity entrance hole on 8 point directional scale.
Location of cavity on the tree: trunk, branch/trunk intersection, branch
For cavities in branches, length of branch measured in metres

For cavities in branches, estimate of maximum branch diameter (cm)
For cavities in branches, categorised as dead or alive

(Gibbons et al. 1993), the RSPB/FC/NE/BTO
Bird Conservation Targeting Project (www.rspb.
org.uk/targeting) and local knowledge of County
Bird Recorders. In SY, the study area centred on
Sheffield city. The Wyre Forest and satellite
woods formed the focal area in WO. In HA, the
study area included part of the New Forest and
woodlands just outside the Forest boundary. In
each study area, we surveyed broadleaf dominated
woodlands >20 ha but <85 ha in area within an ap-
proximate 10-km square for LSWs from 1 March
until 20 April to confirm occupancy status at a
wood level (SY — 17 woods surveyed/ 5 occupied,
HA —28/15, WO — 27/20). In Worcestershire, the
area was increased to an approximately 15-km
square to increase the sample of non-occupied
woods (Charman ef al. 2010). Surveys followed
the techniques described in Charman et al. (2010).
We minimised biases in our surveys by using a

standardised trialled survey method for LSWs
(Charman et al. 2010), which gave a 95% prob-
ability of locating LSWs if they were present in a
wood. We did not attempt to locate all LSWs in
each study region; rather, we focussed on large
woodland blocks where we suspected they oc-
curred.

2.2. Individual foraging behaviour

When LSWs were located in 2007 & 2008, we col-
lected foraging behaviour at the individual level
using an instantaneous sampling technique (e.g.
Altmann 1974, Martin & Bateson 1993, Hinsley et
al. 2007) which uses the first observation only fol-
lowing initial detection. LSWs were usually first
detected through their drumming or calling, fol-
lowed by locating the bird in a tree. At each first
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Table 3. Habitat variables collected at LSW nesting and foraging locations and random points in the wood-
lands. All variables in the tree structure and understorey structure groupings were tested for non linear

relationships.

Grouping Variable

Description

Tree structure Canopy cover

Maximum tree DBH
Maximum canopy height
Basal area

Understorey structure Cover 0.5-2 m

Cover 2-4 m
Cover 4-10 m
Horizontal visibility

Deadwood Dead limbs
Dead trees
Tree diversity
Dominant tree

Other parameters

Aspect

Slope

Mean% cover estimated visually. The number of 2 cm squares
in a 4 x 4 wire grid that were at least 50% covered by canopy
foliage when viewed directly from below were counted and
converted to%. Canopy was defined as foliage at least 10 m
high. Measured in plots and subplots, and mean calculated.
Diameter at breast height of the largest tree in the plot (cm)
Height of the tallest tree in the plot (m)

Scored according to a standardised relascope when viewed
from the centre of the plot.

Mean% cover at height band estimated visually as if viewed
from above. Measured in plots and subplots, and mean
calculated.

See previous.

See previous.

Mean% of orange bands visible out of twelve on a 2.4 m pole
marked with black and orange alternating sections placed

at the centre of the plot and viewed from each subplot.
Count of all dead limbs > 20 cm in diameter attached to trees
in the plot.

Count of all dead trees in the plot.

The number of species of trees present in the plot.
Categorical variable; the most numerous tree species

in the plot.

Categorical variable; the direction of predominant slope

of the plot. Measured on 8-point compass scale.

Estimation of ground slope across the plot measured

in degrees.

observation, the variables in Table 1 were re-

corded.

2.3. Descriptions of nest trees

were numbered and random number tables used to
generate a set of ten 1 ha squares in each wood for
habitat measurements. Any square with a LSW re-
cord during surveys (either visual or audible) was
excluded from the random square selection. The
centre of the random square formed the centre of a

We searched occupied woods for nesting pairs be-
tween April and June each year. Survey methods
are described in more detail in Charman et al.
(2012). At each nest tree, the variables in Table 2
were recorded.

2.4. Wider habitat selection
for foraging and nesting

We divided the woodland blocks where occu-
pancy by LSW had been confirmed into 1 ha
squares. Squares within the surveyed area of the
wood, which contained more than 25% woodland,

25 m radius area in which habitat recording took
place. Most measurements were recorded from the
centre of the 25 m plot, whilst others were taken
from four 5 m radius subplots centred 12.5 m
north, east, south and west of the centre of the edge
of the larger plot (Fig. 2, Table 3). All habitat vari-
ables were measured in June and July. The same
data were collected from squares where LSWs
were observed foraging in March and April 2007
and 2008 and where nests were located 2007—
2009. These measurements were centred on a for-
aging tree or nest tree. Repeat observations at the
same location between or within years were ex-
cluded. We may have multiple observations of the
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Central tree

Fig. 2. Habitat measurements were taken at various
scales within a 25-m radius area plot. Some
measurements were recorded from the centre of
the 25-m plot, and others were taken from four 5-m
radius subplots centred 12.5 m north, east, south
and west of the centre of the edge of the larger plot.
See Table 3 for measurements and scales.

same individual using different areas of their terri-
tory. For inclusion in analyses, foraging locations
must have been at least 100 m apart. In 96% of
cases, LSWs were located first by call or drum-
ming. Therefore, we do not believe that habitat in-
fluenced detection probability.

2.5. Statistical analyses

To address the characteristics of foraging and nest
trees and how LSW utilise the resource (Question
1), we report the foraging observations and nest
tree information descriptively along with tests of
differences in sexes in foraging behaviour and dif-
ferences in nesting sites between study areas.

Where habitat measurements were taken at the
plot and subplot level (Table 3), means were calcu-
lated and these were used in analyses. Mean values
and associated standard errors were calculated for
each habitat variable and comparisons made be-
tween random and LSW foraging or nest areas to
characterise foraging and nesting areas of wood-
land (Question 2).

To determine whether the features of nest or
foraging sites differed from those of random
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points and if LSWs were demonstrating habitat se-
lection in their choices (Question 3), GLMMs with
binomial error distribution were constructed using
the glmer function within the LME4 package in R
(R Core Development Team 2006). Separate
GLMMs were constructed for foraging and nest
analyses. The response variable in each model was
binary (LSW foraging/nest point or random point)
and wood was included as a random factor to avoid
spatial pseudo-replication. The predictor variables
are described in Table 3.

For model selection, comparisons using likeli-
hood ratio tests and AIC values were used to deter-
mine if terms significantly improved the fit of the
model. Those variables that did not improve the
model were removed in a backwise stepwise fash-
ion. A three-stage approach was used to reduce the
number of correlated covariates entering the
model. Firstly, each habitat variable was tested
univariately and only those significant at p < 0.05
based on likelihood ratio tests were taken forward
to stage 2. In this stage, variables competed with
each other in groups describing similar features to
reduce colinearity and those significant at p <0.05
retained in the final stage. The groupings were
“Tree structure”, comprising canopy cover, can-
opy height, tree DBH and basal area; “Under-
storey structure”, comprising cover at 0.5-2 m, 2—
4 m, 4-10 m and horizontal visibility; and “Dead-
wood”, comprising dead limbs and dead trees. The
remaining variables were not grouped. In stage 3,
significant variables from stage 2 were included in
one model and backward stepwise deletion used to
remove variables not significant at p <0.05 in turn.
Non-linear relationships were tested for those
variables where it was thought they could occur
(Table 3).

3. Results
3.1. Individual foraging behaviour

The foraging data consisted of 96 individual for-
aging observations, meeting criteria for inclusion
in the analyses: 40 females, 40 males and 16 where
the sex was not determined. We observed no sig-
nificant differences between sexes; for test results
and mean values for foraging locations, see Table
4. Overall, 80% of foraging observations were in



Charman et al.: Lesser Spotted Woodpecker habitat selection

187

Table 4. Mean + SE values of foraging location. Results from tests of differences between sexes in values

are shown.

Variable All, mean + SE = Males, mean + SE Females, mean + SE p
Tree DBH 415+1.6 434122 39.6+23 0.228
Tree height 189+04 18.7+£0.5 19.1+£0.7 0.588
Foraging height 13.4+£0.3 13.9+04 129+0.5 0.134
Foraging height relative to tree height 0.7+0.0 0.8+0.0 0.7+0.0 0.252
Foraging branch diameter 3.2+0.3 27+0.2 3.6+0.6 0.154
Foraging branch length 1.4+£03 1.3+£05 1.6+£0.3 0.578

Oak Quercus robur or petraca (n = 77), with
Beech Fagus sylvatica (n = 5), Sycamore Acer
pseudoplatanus (n = 4), Common Ash Fraxinus
excelsior (n=4), Silver Birch Betula pendula (n =
3), Common Alder Alnus glutinosa (n = 1), Haw-
thorn Crataegus monogyna (n = 1) and Small-
leaved Lime 7ilia cordata (n= 1) as minor compo-
nents. There were no significant differences be-
tween sexes in their use of foraging trees (3 =
3.55,df =5, p = 0.616). Ninety-eight percent of
trees used for foraging were alive (n = 94).
LSWs foraged exclusively on branches rather
than on the trunk (n = 96). Foraging zone on the
tree was recorded for 81 cases with 45.7% at the
top outer branches (Fig. 1, zone Al), 19.8% at the
middle outer branches (B1), 18.5% at the top inner
zone (A2), 11.1% at the middle inner zone (B2)
and 4.9% at the lower outer branches (C1). In total,
70.3% of the observations were in the outer zones
(zones 1) and 64.2% were in the highest category
(zone A). There were no significant differences
between sexes in their use of foraging zones (y° =

25 4
20
15

10

Fig. 3. Mean cavity
height for nests in dif- 5
ferent tree species

+ SE where available.

Bars are ordered in 0
terms of frequency of

use Sample size is

shown above each bar.

Mean cavity height m

2.48,df=4, p=0.649). 82.3% of forage branches
were alive. The main foraging technique — ob-
served when recording of this attribute was feasi-
ble — was apparent gleaning of food from the sur-
face of branches (n = 46). Pecking (n = 12) and
scaling (n = 7) were also recorded but much less
frequently.

3.2. Descriptions of nest trees

Mean height of nest trees was 14.9 + 1.2 m (range
5.5-28 m) and mean DBH was 38.0 £ 3.0 cm
(range 15-73 cm). Nest tree height and DBH were
not significantly different between study areas
(F,,,=1.52,p=0.24). LSWs nested in twelve dif-
ferent species of tree, the commonest being oak
(Fig. 3). Mean cavity height was 9.35 = 0.8 m
(range 1.9-22 m). This did not differ significantly
between areas (F,,, = 2.88, p = 0.08). Cavity
height was related to nest tree species (£, . =3.76,
p=0.01; Fig. 3) and nest tree height (»=0.692, n=
27, p <0.001). Analysis of nest height relative to

\‘) 60@ Q)@ \q’&
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76-100 [ 37.0%
51-75 [ 33.3%
26-50 [N 25.9%

Tree height relative tonest height %

0-25 79
. 3.7% Fig. 4. The distribution
' ' ' ' ' ' of nests in terms of rel-
0 2 4 6 8 10 ative nest height (nest
height divided by tree
Frequency height).

tree height showed a strong tendency for nests to
be high, with 70% of nests in the upper 51% of the
tree (Fig. 4).

Of all nest trees, 59.1% were dead (n = 14).
Based on the four most frequent nesting tree spe-
cies (oak, birch, alder and apple Malus spp.) there
was evidence that choice of dead or alive trees was
associated with tree species (x° = 8.57, df=3, p =
0.036). All birch and alder nest trees (each n = 4)
were dead. By contrast, for oak and apple nest
trees, 71% (n=>5/7) and 67% (n=2/3) were alive.

Of the nest cavities, 55.6% (n = 15) were lo-
cated on a branch of the main trunk, with the re-
mainder being located directly in the trunk. In the
case of trunk cavities, 83.3% (n=12) were in dead
trees. In all cases of branch nesting, the branch was
dead, although in 73.3% of these cases (n = 11) the
tree itself was alive. The mean diameter of nesting

branches was 24.1 +2.9 cm (range 12-50) and the
mean length was 3.3 £ 0.5 m (range 0.5-7). In
these cases, cavities were located on the underside
of branches, often up against the main trunk. In
96% of cases (n=26) the substrate used for nesting
was dead. The one exception was a cavity in the
trunk of a live beech tree. Of all nest trees, 66.7%
(n = 18) had evidence of older woodpecker exca-
vations (species unknown).

3.3. Wider habitat selection
for foraging and nesting
3.3.1. Foraging

LSWs were observed foraging at 102 different lo-
cations in 23 woods with comparable random hab-

Table 5. Mean * SE values of habitat variables at forage and random points and nest and random points.
Values for random points are different between forage and nest pairings due to the spread of sites used in
analyses. Results from tests of differences between values are shown. Values (except probability p) are

mean + SE.

Variable Foraging Random p Nesting Random p
Canopy cover 83.8+22 79918 0.169 88.4+4.9 76.1+£20 0.027
Maximum tree DBH 62.1+2.0 58.7+1.3 0.140 556 £0.2 68.7+24  0.019
Maximum canopy height 21.5+0.3 22.7+0.3 0.009 23.8+1.0 223+0.3 0.160
Basal area 8.1+04 9.1+0.3 0.038 7.1+£0.7 9.7+0.3 0.003
Cover 0.5-2 m 209+1.9 291+16 0.001 142+4.2 231+1.7  0.059
Cover 2-4 m 21.0+15 27.3+13 0.001 176+3.5 226+14  0.190
Cover4-10m 257+2.1 352+17 <0.001 304+5.0 323+1.7 0714
Horizontal visibility 70.7+1.9 66.3+1.7 0.077 81.8+5.4 721+1.8  0.101
Dead limbs 28+0.2 1.9+0.1 <0.001 1.1+05 1.6+0.1 0.242
Dead trees 25+0.3 1.6+£0.2 0.030 3.6+0.8 1.5+£02 0.016
Tree diversity 25+0.2 29+01 0.030 25+0.2 25+0.1 0.942
Slope 10.8+1.0 13.9+0.8 0.017 9.8+1.3 11.1+1.0 0453
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Fig. 5. The modelled relationship between the prob-
ability of an area of woodland being used by forag-
ing LSWs the mean number of dead limbs. Lines
are the logistic model fit with 95% confidence inter-
vals. Circles are the actual data.

itat point data. Habitat data from foraging loca-
tions were compared to equivalent data from 230
random points. Mean values at foraging locations
and random points with tests of the differences are
presented in Table 5.

Four habitat variables were statistically signif-
icant p < 0.05 at the univariate stage 1 and group-
ing stage 2 (Table 6a) in describing habitat selec-
tion for foraging. The probability of a LSW using
an area for foraging decreased as understorey, i.e.,
the cover at 0.5 up to 2 metres, increased, suggest-
ing that LSWs are selecting areas of open
understory at least up to 2 m above the ground.
LSWs showed a very strong relationship with
deadwood, with the probability of presence in-
creasing as the number of dead limbs increased.
They also showed a strong selection for oak trees
being the dominant species in foraging areas. The
final significant variable was slope, with LSWs
showing a preference for flatter areas.

Only one variable, the number of dead limbs,
remained to stage 3 to describe the areas selected
by LSWs for foraging in our study areas (Table
6a). The relationships between the number of dead
limbs and the probability of use of an area by
LSWs is shown in Fig. 5. The final model per-
formed significantly better than the null model
(loglik 8.95, df=1, p <0.001).

3.3.2. Nesting

We compared habitat data around 22 nests in 16
woodlands with equivalent data from 160 random

points. Mean values at nest and random points, and
tests of differences are presented in Table 5. Six
habitat variables were statistically significant at p
< 0.05 at the univariate stage 1 (Table 6b) in de-
scribing habitat selection for nesting. The prob-
ability of a LSW using an area for nesting in-
creased as canopy cover increased and tree DBH
and basal density declined. Areas open in
understory up to 2.4 metres were selected as
shown in the negative relationship with cover 0.5—
2 m and positive relationship with horizontal visi-
bility. There was also a strong positive relationship
between the number of dead trees and the areas be-
ing used for nesting. Given the small number of
nest locations, the potential to over fit the model
was quickly realised and analyses could not pro-
ceed beyond stage 2. After stage 2, four variables
remained which have strong association with
LSW nesting locations — canopy cover, basal area,
cover 0.5-2 m, and dead trees. The relationships
between each of these variables individually and
the probability of use of an area by LSWs for nest-
ing is shown in Fig. 6a—d. For two of these vari-
ables, canopy cover and cover 0.5-2 m, the influ-
ence of the variable on the probability of the area
beingused for nesting is very small (range of influ-
ence on probability 0-20%).

4. Discussion

This study describes foraging behaviour and
small-scale habitat selection by LSWs in mature
broadleaved woodland blocks in three areas of
England. LSWs use a variety of wooded habitats,
and this study is not exhaustive in its coverage of
these. However, we believe the results are repre-
sentative of a major habitat for LSWs as they exist
now, are transferable across its range in England
and allow interesting comparisons to previous
work from continental Europe.

4.1. Individual foraging behaviour

At the level of the individual bird, oak was most
frequently used as a foraging tree, usually repre-
senting the dominant species in the stand. With a
mean DBH of41.5 cm and height of 19.3 m, LSWs
are using large, mature trees. Mean foraging height
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Lines are the logistic model fit with 95% confidence intervals. Circles are the actual data.

was observed to be around 13.5 m and usually to-
wards the upper quarter of the tree. Small branches
were used exclusively. Trees were almost always
alive, and over 80% of branches used for foraging
were alive. These results confirm previous work at
this scale in another area of England by Smith
(2007), comparing foraging observations of
LSWs with Great Spotted Woodpeckers Dendro-
copos major (GSW), and finding that LSWs for-
aged on smaller diameter branches (median 2.0
cm); higher in trees (mean 16.7 m+0.78) and more
often on live substrate compared to GSWs.
Torok (1990) has also reported an almost ex-
clusive use of oak as a foraging tree (Q. cerris and
petraea) in Hungary and the preference for live
substrate. Again, most observations were on small
branches at heights in excess of 12 m. Hogstad
(2010) described individual foraging behaviour in
subalpine woodland in central Norway, showing
that in the pre-breeding period, birch, alder and
sallow were preferred species for foraging pre-
breeding, representing the dominant deciduous

species in the stand. In this case, the majority of
trees were dead and 2—5 m in height (but see differ-
ence between sexes).

Interestingly, although tree height was low,
birds still used the upper 70% of the tree for forag-
ing relative to absolute height as found in our
study. The diameter of branches used for foraging
was again small. Olsson (1998) and Olsson et al.
(2001) observed foraging in mixed forests in Swe-
den, showing that between August and May,
LSWs feed exclusively on wood-living larvae in
dead branches, mostly on live trees. Tree species
preference reflected the availability of prey associ-
ated with the tree, with oak, birch, alder and lime
all used to varying degrees in different years. The
use of birch and alder fluctuated between years in
response to populations of the larvae of the micro-
moth Argyresthia goedarthella. Lime was particu-
larly important, probably because of the presence
of specialist longhorn beetles, Oplosia fennica and
Exocentrus lusitanus.

The results from our study, and other work in
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Table 6. (a) Logistic regression of relationships between habitat variables and the probability of an area be-
ing used for foraging by LSWs. The final (stage 3) model includes only the number of dead limbs. (b) Logis-
tic regression of relationships between habitat variables and the probability of an area being used for nest-
ing by LSWs. The stage 2 model suggests that canopy cover, basal area, cover 0.5 — 2 m and dead trees
are all important determining factors associated with LSW nest sites. fc indicates failure of the model to

converge.
Grouping Variable Stage 1, p Stage 2, p Stage 3, p
(direction) (direction) (direction)
(a)
Tree structure Canopy cover 0.212
Canopy c., quadratic 0.999
Maximum tree DBH 0.053
Max. tree DBH, quadratic 0.144
Maximum canopy height 0.070
Max. canopy ht., quadratic 0.102
Basal area 0.100
Basal area, quadratic 0.180
Understorey structure Cover 0.5-2 m 0.043 (-) 0.043 (-) 0.145
Cover 0.5-2 m, quadratic 0.126
Cover 2-4 m 0.113
Cover 2—-4 m, quadratic 0.999
Cover 4-10 m 0.135
Cover 4-10 m, quadratic 0.999
Horizontal visibility 0.318
Horizontal visib., quadratic 0.254
Deadwood Dead limbs <0.001 (+) <0.001 (+) <0.001 (+)
Dead trees 0.154
Other parameters Tree diversity 0.353
Dominant tree 0.030 (oak) 0.030 (oak) 0.130
Aspect 0.149
Slope 0.019 (-) 0.019 (-) 0.053
(b)
Tree structure Canopy cover 0.016 (+) <0.001 (+)
Canopy c., quadratic fc
Maximum tree DBH 0.031 (-) 0.209
Max. tree DBH, quadratic 0.226
Maximum canopy height 0.101
Max. canopy ht., quadratic 0.424
Basal area 0.002 (-) <0.001 (-)
Basal area, quadratic fc
Understorey structure Cover 0.5-2 m 0.043 (-) 0.003 (-)
Cover 0.5-2 m, quadratic 0.034 (U) 0.101
Cover 2-4 m 0.182
Cover 2—-4 m, quadratic 0.356
Cover4-10 m 0.700
Cover 4-10 m, quadratic 0.999
Horizontal visibility 0.047 (+) 0.271
Horizontal visib., quadratic fc
Deadwood Dead limbs 0.116
Dead trees 0.006 (+) 0.006 (+)
Other parameters Tree diversity 0.955
Dominant tree 0.251
Aspect 0.864
Slope 0.645
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England and elsewhere Europe, are largely in
agreement in that LSWs appear to consistently use
small diameter branches in the upper portion of a
tree for foraging, and foraging substrate may be
dead or alive. The reasons for this selection are
may reflect niche separation between LSWs and
GSWs (Torok 1990) or LSWs may be keying into
a food resource in this part of the tree. In our study,
the main feeding method was gleaning, suggesting
that surface-living prey is being exploited as well
as dead wood larvae. The common use of live sub-
strates supports this idea. This issue is complicated
by the fact that birch, alder and lime were all pres-
ent in our study areas and used by LSWs, but sub-
stantially less regularly than oak. Further work to
assess food availability at different locations on
foraging trees, and to establish food sources on dif-
ferent tree species would be essential. Further
work would also be required on the presence and
inter-annual variation of key LSW food sources,
such as Argyresthia goedarthella and long-horn
beetles.

Differences in foraging behaviour between
sexes were earlier reported by Hogstad (2010),
with females foraging more on live trees than
males and in taller trees with smaller branches,
suggesting partitioning to reduce inter-sexual
competition for food in subalpine woods with
harsh weather conditions. However, we found no
significant sexual differences in this respect, pos-
sibly relating to the less extreme conditions usu-
ally faced by LSWs in England.

4.2. Nest trees

We found that LSWs placed their nesting cavities
most commonly in oak and in the upper half of the
tree (mean height 9 m, up to 22 m). Cavities were
placed in deadwood areas of trees (with one excep-
tion) and were situated either in the trunk or on a
branch of the main trunk. In their analysis of nest-
record data of the British Trust for Ornithology,
Glue and Boswell (1994) found a wide range of
tree species were used for nesting but the com-
monest was birch (17%), and cavity heights were
around 5.4 m. Differences could be explained by
lower nests in dead snags being more likely to be
located in “chance” encounters by Nest Record
Scheme recorders, compared with active species-

ORNIS FENNICA Vol. 89, 2012

specific searching. In common with our study, the
most frequent location for a nest was in a branch
(39.2%) and most were in dead or decaying trees
(75.2%). Smith (2007) described 16 nest sites of
LSWs in Hertfordshire, England, and found that
half were in dead and seven were in live trees but
dead nest sites, and only one was in a live tree and
live nest site. These observations confirm the im-
portance of deadwood for nesting LSWs, in con-
trast with GSWs which uses live substrate more
readily (Smith 2007).

Kosinski and Kempa (2007) described four
nest sites in managed forests in Poland, reporting
that the mean DBH of nest trees was 48 cm and
mean tree height was 20 m, both larger than re-
corded in this study. Cavity heights were around
12 m and in the upper half of the tree. Nest sites
were always dead, although the tree itself was of-
ten alive and trunks were used preferentially.
Hontsch (2005) described the characteristics of 33
breeding cavities in Germany. Of these, most were
in orchards (70%) and the preferred trees were ap-
ple, willow and poplar. Given the habitat, most
cavities were expectedly low (3-8 m). In our
study, six nests were found in orchards, with a fur-
ther two associated with an orchard (all in WO).
The height range of orchard nests was 1.9-8 m.
Orchards are often cited as important habitat for
LSWs but it is not clear whether the habitat per se
is important or certain attributes of it. Nests located
in orchards in WO were always associated with a
block of mature woodland nearby, and adults were
observed using this block for the majority of forag-
ing, rather than the orchard itself. Hontsch (2001)
attributed the frequent use of orchards in Germany
to the amount of deadwood present, rather than
any other attributes of orchards themselves.

4.3. Wider habitat selection
for foraging and nesting

At a wider scale, foraging locations in our study
were significantly different from random locations
in the same wood only in terms of the number of
dead branches on live trees (variable retained in
the final model). At the univariate level, a domi-
nance of oak, flat areas and open understorey were
important. Much work has been carried out de-
scribing LSW habitat selection, although caution
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is required comparing results between countries as
the composition of forest stands occupied by
LSWs has been found to vary considerably across
Europe (Delahaye ef al. 2010).

In a similar approach to ours, Olsson et al.
(1992) described factors determining stand use
within occupied woods and habitat preferences in
Sweden. LSWs were significantly more likely to
be present in a stand if snag density was high (>10/
ha) and the stand was older (>75 years) (the two
were highly correlated). Oak dominated stands
were preferred, although birch and aspen and ri-
parian woodland was used. Olsson ef al. (1992)
suggested that the availability of snags or dead-
wood on live trees is an essential factor for the
presence of the species. Delahaye ef al. (2010) de-
scribed fine-scale habitat selection in beech and
oak forests in Belgium, finding that LSWs were
significantly more likely to be detected in areas
with a higher percentage cover of oak and a high
density of snags and deadwood. In Finland, stands
where birch dominates are used (Alatalo 1978)
and in Germany oak and willow are used preferen-
tially (Spitznagel 1990). In Germany, young
stands are also used by LSWs if they contain snags
and deadwood (Glutz v. Blotzheim & Bauer 1980,
Spitznagel 1990). In England, the species uses a
mixture of habitats including wet woodland,
hedgerows, alder rich alluvial areas, birch, beech
and oak stands (E. Charman, pers. obs.). Miranda
and Pasinelli (2001) suggest that the species se-
lects rough barked trees regardless of species — for
example oak, maple, ash, elm, poplar — especially
where 20% of the trunk was covered by moss. Ina
study in Austria, Riemer (2009) observed the ma-
jority of LSW registrations near riparian sidearms
in softwood stands of alder, willow, poplar and in
ash. Several studies show LSW selecting riparian
stands and wet woodland (e.g., Spitznagel 1990,
Wiktander et al. 1992, Hontsch 2001, Miranda and
Pasinelli 2001). Itis not clear whether this is a pref-
erence for the wetness of the habitat per se or rather
because they are often left unmanaged and there-
fore may contain higher amounts of deadwood
(Wiktander et al. 1992). Riemer (2009) suggests
that the association of LSWs with water courses
may be an artefact of the tree species and the
amount of deadwood associated with this habitat
rather than the water feature per se.

Modelling revealed that nest locations differed
from random areas in the same woods in terms of
canopy cover, basal area, understory and the num-
ber of dead trees. Lesser Spotted Woodpeckers
were more likely to nest in areas that featured
greater canopy cover and lower basal area, had an
open understory structure and had a large number
of dead trees. These factors suggest selection for
closed canopy, older, mature areas of woodlands.
To our knowledge no previous work has assessed
LSW nest-habitat selection at this scale.

For both foraging and nesting, deadwood at-
tributes emerged as strong variables determining
presence. The importance of deadwood to wood-
peckers is well known (Smith 1997, 2007) and
other work confirms the importance for LSW
(e.g., Olsson et al. 1992, Wiktander et al. 1992,
Smith 2007). However, it is interesting to note that
the smaller-scale observations in this study re-
vealed that LSWs were foraging on live substrate
and often nesting in live trees, albeit usually in
deadwood areas of these trees. The discrepancy is
most interesting for foraging. Why do LSWs se-
lect areas high in deadwood if they are using live
substrate? Perhaps our measurement of deadwood
was correlated with another variable important to
LSWs, however other studies have found dead-
wood to be an important factor (e.g., Olsson ef al.
1992). One explanation is that live oak trees, par-
ticularly mature ones, support higher numbers of
dead limbs than other species (Olsson 1998) and
so the apparent selection for dead limbs may actu-
ally be selection for oaks.

There may be a correlation between deadwood
and the availability of invertebrates of choice for
LSW. For example, mature areas of woodland
high in deadwood may also be high in inverte-
brates. It may also represent seasonal change and
LSWs switching between or exploiting various
different food sources at this time of year and areas
previously good for deadwood invertebrates in the
winter may be good for wood surface living inver-
tebrates in early spring.

Another possibility is that LSWs do select
areas of deadwood but have switched their prey to
surface-living invertebrates in response to changes
in the availability of deadwood invertebrates or a
reduction in the small-diameter deadwood in the
canopy.
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4.4. Possible reasons
for the population declines of LSW

LSWs have declined dramatically across England
and Wales at a time when habitat has also changed.
An important question, therefore, is whether —
given their requirements for foraging and nesting —
changes in woodland habitat are associated with
declines. Amar et al. (2010) presented evidence of
widespread changes in structure and species com-
position between the 1980s and 2000s from sur-
veys of 249 British broadleaved woodlands. Over-
all, there have been significant decreases in can-
opy cover and increases in sub canopy (2—10 m)
cover. Oak as a canopy species has declined signif-
icantly and dead trees have increased. These
changes are consistent with reductions in active
woodland management, changes in grazing pres-
sure and interactions between the two factors.
Those woodland attributes which have strong as-
sociations with LSW foraging and nest locations,
with the exception of deadwood, have all changed
in the direction expected to negatively impact the
species.

It is therefore possible that woodlands are now
less suitable for LSW foraging and nesting. How-
ever, deadwood availability has increased, and this
is a very strong determining factor linking to for-
aging locations and nesting. Structural changes in
woodland may be associated with declines in food
availability, and this can be linked to over-winter
survival and condition immediately prior to bree-
ding. The availability of deadwood invertebrates
or deadwood of the sort used by LSWs may have
changed. Given the link between food and bree-
ding success identified by Charman et al. (2012),
work is required to measure food availability in
stands of differing structure to establish if this
could be a limiting factor.

Another hypothesis for the LSW decline in Eu-
rope is the increase in populations of GSW
(Nilsson ef al. 1992, Charman et al. 2010, 2012).
In Sweden, Nilsson et al. (1992) suggested that in
years with a low cone crop, GSW switch from
spruce seeds to deadwood invertebrates and so
compete with LSWs for food. Charman et al.
(2010, 2012) have investigated correlations be-
tween the LSW decline and increasing populations
of GSW, with little evidence suggesting a link, al-
though the latter do predate LSWs nests. This area

ORNIS FENNICA Vol. 89, 2012

could be further investigated, however interac-
tions and their impacts are difficult to detect and
ultimately may only be tested by large-scale exper-
iments (Charman et al. 2012).

4.5. Conclusions

We have shown clear selection of habitat attributes
for foraging and nesting. This could be used to tar-
get management within woodland blocks to bene-
fit LSWs to provide adequate habitat to meet bree-
ding and foraging requirements. Management to
improve deadwood availability and maintenance
of a mature structure may also improve conditions
for other declining woodland species in the UK.
For example, Marsh Tits Poecile palustris are sec-
ondary cavity nesters which may benefit from
deadwood management, and they also show a
preference for mature woodlands (Broughton et
al. 2006). Spotted Flycatchers Muscicapa striata
also show a preference for a mature, open forests
(Smith et al. 1987, Hinsley et al. 1995). Care, how-
ever, should be taken to provide a matrix of habi-
tats to suit a variety of species. Management for
LSWs should be targeted in large woodland areas,
perhaps using Charman et al. (2010) as a guide.
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Pikkutikan pesintii edeltiva ruokailu-
ja pesimidympiriston valinta englantilaisissa
varttuneissa metsikoissi

Pikkutikka (Dendrocopos minor) on vihentynyt
dramaattisesti ja sen elinalue on pienentynyt Bri-
tanniassa. Pesintdd edeltidva ravinnonhankinta on
tarkeda, ja toisaalta pikkutikan elinympériston va-
linta on huonosti tunnettu Britanniassa, joskin
seikkaa on tutkittu muualla Euroopassa.

Tassa tutkimuksessa kuvailemme lajin ruokai-
lukdyttdytymistd ja ruokailuympdriston valintaa
pesintdd edeltdvilld jaksolla, pesimépaikkoja ja
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pesimdympériston valintaa. Havainnoimme ruo-
kailukayttaytymistd, ruokailupuiden laatua ja pe-
sdpaikan piirteitd, ja vertasimme havaintoja satun-
naispisteisiin  samoissa metsikdissa. Pikkutikat
ruokailivat useimmiten pienilld tammenoksilla
puun latvakolmanneksessa. Suuremmassa mitta-
kaavassa linnut valitsivat runsaslahopuustoisia
paikkoja. Pesékolot olivat useimmiten puun yla-
puoliskossa, ja yleisimmin tammessa. Pesimépai-
kat olivat yleensd keskimdirdistd avoimempia,
runsaslahopuustoisempia ja omasivat varttuneen
metsédn rakennepiirteita.

Useat ravinnonhankinnalle ja pesimiselle tar-
keiksi osoittautuneista piirteistd ovat brittildisissa
metsissd muuttuneet epédedulliseksi tulkittavaan
suuntaan, lukuun ottamatta lahopuuta. Tulevai-
suudessa téytyisi selvittdé ravinnon saatavuutta ra-
kenteeltaan erilaisissa metsikdissd. Tieto vdhene-
vien lajien vaatimuksista edesauttaa kohdistamaan
ympdriston hoitotoimia suojelun kannalta edulli-
seen suuntaan.
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