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Dead wood is important for woodpeckers, providing foraging, roost and nest-sites. In this
paper, data from long-term studies of woodpeckers and dead wood in oakwoods in southern
England are used to examine the dead wood requirements of the three British resident
woodpecker species. Both Great 

 

Dendrocopos major

 

 and Lesser Spotted Woodpeckers 

 

Den-
drocopos minor

 

 select dead trees for nest-sites although the former is able to nest in living
trees too. On the other hand a smaller fraction of Lesser Spotted Woodpecker nests are in
living trees. Green Woodpecker 

 

Picus viridis 

 

shows no selection for dead nesting trees. Hence
the smallest woodpecker species appears to be most dependent on dead and decaying trees
for nest-sites. Great and Lesser Spotted Woodpeckers show no preference for foraging on
dead trees although they both make use of dead branches on living trees. Lesser Spotted
Woodpeckers forage on smaller branches higher in the tree than Great Spotted Woodpeck-
ers. There has been a trend for increasing dead wood resources in the study woods with both
dead wood on the ground and standing dead trees (snags) increasing in the last 20 years. The
levels of dead wood are shown to be the result of continual processes of creation and decay.
Around 0.5% of oak 

 

Quercus

 

 spp., Ash 

 

Fraxinus excelsior 

 

and Hornbeam 

 

Carpinus betulus

 

and 3.4% of the birch 

 

Betula

 

 spp. trees die each year in the woods resulting in a continuity
of new dead snags and fallen trees. There is a high turnover of standing dead snags of oak
and birch with 95% and 80% annual survival, respectively. Snags are only suitable for nesting
Great Spotted Woodpeckers for a few years after their creation. It is suggested that these
stand and dead wood dynamics are likely to provide habitats more favourable for the Great
Spotted than the Lesser Spotted Woodpecker.

Dead wood is an important component of forest
ecosystems. In old-growth temperate broadleaved
forests it has been estimated that 10–30% of the
above-ground woody biomass is dead (Bobiec 2002,
Bobiec 

 

et al

 

. 2005, Busing 2005, Nilsson 

 

et al

 

. 2002)
with even higher figures in coniferous forests (Busing
2005). Dead and decaying wood and its associated
fungi and invertebrates are vital elements of the
woodland ecosystem and their decay processes
represent a key path for nutrient and carbon recycling
(Bobiec 

 

et al

 

. 2005). In the UK, dead wood and dead
wood habitats are particularly important for a suite
of saproxylic invertebrates, particularly beetles (Kirby
& Drake 1993, Fowles 

 

et al

 

. 1999). In northern boreal
forests, dead wood and the fungi and invertebrates
associated with it are key indicators of old-growth

forest (Martikainen 

 

et al

 

. 2000), with volumes of dead
wood generally lower in managed than in old-growth
stands (Siitonen 

 

et al

 

. 2000).
Woodpeckers are widely used as indicators of dead

wood communities, but in some situations have also
been used as indicators of overall forest diversity
(Mikusi

 

n

 

ski 

 

et al

 

. 2001). For instance, in mainland
Europe the White-backed Woodpecker 

 

Dendrocopos
leucotos

 

 is recognized as an indicator for old-growth
broadleaved forest and Three-toed Woodpecker

 

Picoides tridactylus

 

 for northern conifer forests
(Mikusi

 

n

 

ski & Angelstam 1997, 1998). However, in
Britain, we have an extremely impoverished wood-
pecker fauna with only three common species, Green
Woodpecker 

 

Picus viridis

 

, Great Spotted Woodpecker

 

Dendrocopos major

 

 and Lesser Spotted Woodpecker

 

D. minor

 

, and one species, the Wryneck 

 

Jynx torquilla

 

,
now reduced to the occasional breeding pair (Ogilvie

 

et al

 

. 2004). In these circumstances it is less clear
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whether woodpeckers in general can be used as
indicators of forest diversity or dead wood processes.

Woodpeckers are uniquely adapted to exploit
dead wood and dead wood resources (Winkler 

 

et al

 

.
1995). They forage for invertebrate prey in dead
wood, excavate their own nesting and roosting
cavities, often in dead wood, and also use dead wood
on which to perform their drumming displays. The
foraging and cavity excavation activities of wood-
peckers are in themselves important factors in the
fragmentation and decay of woody biomass in forests
(Harmon 

 

et al

 

. 1986). As the primary excavators of
cavities they are also important in creating nest-sites
for a suite of other hole-nesting birds (Newton 1994).

Woodpeckers in Britain are showing contrasting
trends. Both Green and Great Spotted are increasing,
the latter being one of the most rapidly increasing
woodland birds in Britain (Eaton 

 

et al

 

. 2006). By
contrast, the Lesser Spotted Woodpecker is declining
rapidly and has recently been added to the red list
of Birds of Conservation Concern (Gregory 

 

et al

 

.
2002); having declined by more than 50% over the
last 25 years.

In this paper I use primarily data collected as part
of long-term studies of woodpeckers breeding in
mature oakwoods in southern England (Smith 2005,
2006) to examine how the different types of dead
wood are utilized by the birds. I also look at how the
dead wood resources in the woods have changed
over the long-term and the processes involved.

 

METHODS

Study sites

 

I have studied breeding woodpeckers in four exten-
sive mature oak woodlands in Hertfordshire, southern
England (

 

c

 

. 51

 

°

 

45

 

′

 

N, 0

 

°

 

10

 

′

 

W) since 1984 (Smith
1997, 2000, 2005, 2006). The woods, Wormley
Wood, Hitch Wood, Hoddesdon Park Wood and
Sherrardspark Wood, are all large (96, 67, 62 and
73 ha, respectively) mature oak woodlands. They are
dominated by oak 

 

Quercus petraea

 

 and

 

 Q. robur

 

 but
with other species such as birch 

 

Betula

 

 spp., Horn-
beam 

 

Carpinus betulus

 

, Ash 

 

Fraxinus excelsior

 

, Beech

 

Fagus sylvatica

 

, Sweet Chestnut 

 

Castanea sativa

 

 and
Sycamore 

 

Acer pseudoplatanus

 

 also present. In the
early years of the study there were also significant
numbers of dead elm 

 

Ulmus

 

 spp. snags (dead stems)
present in Hitch Wood, the remnants of the Dutch
elm disease outbreak of the 1970s (Osborne 1984).
All the woods are now managed as high forest

although they were once coppice and coppice with
standards. They now have a very limited shrub layer
consisting of sparse Hornbeam, Hazel 

 

Corylus avellana

 

and Holly 

 

Ilex aquifolium

 

.

 

Data collection

 

The study has focused particularly on Great Spotted
Woodpeckers with the majority of nests found each
year and details of nest-site, such as tree species,
diameter and state of decay recorded as well as
breeding parameters such as clutch size, fledging
success and timing of breeding. In addition, incidental
records of the nest-sites of the other two woodpecker
species nesting in the woods (Green and Lesser
Spotted) have been collected throughout the study.
These last two species are far less numerous than the
Great Spotted Woodpecker and so the sample sizes
are smaller. All heights were measured using a
clinometer (Silva Clino Master) and tree diameter at
breast height (dbh) was measured using a girthing
tape. For Great Spotted Woodpeckers, nest trees
were sometimes used more than once. The re-use of
nest trees is of interest in itself, but in comparing the
nest tree usage between species, each nest tree has
been included in the analysis only once.

During the course of the study, Great Spotted
Woodpeckers increased in numbers in all the woods
but markedly so in Wormley Wood (Smith 2006).
Green Woodpeckers have increased, although the
numbers have not been quantified. Lesser Spotted
Woodpeckers have declined from being present in all
the woods in reasonable numbers in the 1980s to
being only occasionally recorded now. These trends
all reflect the national population changes for these
species (Baillie 

 

et al

 

. 2006).
In the late 1980s and again between 2003 and

2006, I collected systematic observations of foraging
Great and Lesser Spotted Woodpeckers in the four
woods. A focal animal approach was used. Once
located, a focal bird was watched and its foraging
activity recorded at 10-min intervals or until it was
lost from view. Details of the foraging tree (species,
dbh, alive or dead) were recorded together with the
foraging method, location in the tree, branch diameter,
height and whether the foraging site was alive or
dead. The birds often used many foraging sites
within a single tree before moving to a new tree, but
in this analysis I have used only the first foraging
record from any particular tree to limit temporal
autocorrelation and allow analysis of tree usage.
Although data were collected for most months of
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the year, in order to examine the utilization of
dead wood, I have used only foraging observations
collected in the winter and early spring (in effect
from December until April) when the woodpeckers
are most likely to use dead wood. During the breed-
ing season and into the summer, both Great and
Lesser Spotted Woodpeckers forage largely on inver-
tebrates gleaned from leaves and bark (Török 1990,
Olsson 1998) and so would not be so reliant on dead
wood at that time.

The stand composition of each wood has been
measured every 5 years throughout the study; from
1986 in Wormley and Hitch Woods and from 1996
in the other two. The basic methods have remained
unchanged although the sampling strategy and
intensity have developed over the two decades of
study (Appendix 1). A regular grid of sampling
points has been established throughout each wood
and, at each one, all standing living and dead trees
within a set radius of the point have been measured
for dbh and height. Dead wood on the ground has
been measured within a 10 m radius of the sample
points by systematically recording the diameter and
length of each piece of fallen wood above 3 cm
diameter and 0.3 m long using foresters’ callipers
(Haglof Mantax Precision Blue). Normally the
diameter at mid point was measured but for logs

 

>

 

 2 m long, the diameter at both ends was measured
and the volume calculated as the frustrum of a cone
(Hamilton 1975). For shorter logs, the volume was
estimated assuming a simple cylindrical shape. For
those logs falling partly outside the sampling circle,
only that part lying within 10 m has been included
in the sum.

In this paper, I have used the stand data collected
in 2001 to examine selection for living and dead
nesting and foraging trees. To look at long-term trends
in stand composition and dead wood resources, I
have used data collected in Wormley and Hitch Woods
every 5 years from 1986 until 2006. Since 2001, the
sample locations have been permanently marked
so that individual trees can be relocated with con-
fidence. I have used data collected in 2001 and 2006
in Wormley and Hitch Woods to examine the mor-
tality rates of living trees and the annual probability
that dead trees (snags) will remain standing.

 

Analyses

 

Interspecific differences in the selection for living
and dead nesting and foraging trees have been exam-
ined using 

 

χ

 

2

 

 tests based on the combined stand

composition of the four woods. Selection indices for
the utilization of dead and living trees and their
confidence intervals have been calculated for each
woodpecker species using the selection ratio method
(Manly 

 

et al

 

. 1993). Trends in the volume of dead
wood on the ground have been analysed separately
for each wood using the log-transformed volume at
each sample point and linear regression. A repeated-
measures procedure was used to allow for the fact
that in each sampling period the dead wood was
measured at the same set of locations. Trends in the
numbers of standing dead snags have been examined
using Generalized Linear Models with snag count as
the dependent variable, Poisson errors and a log
link function, the models being corrected for over-
dispersion. To allow for the differing areas over which
the snags were counted (initially a 10 m radius from
the sample point but later 25 m), log

 

e

 

(sample area)
was included as an offset in the models. Repeated
measures were used to allow for the same locations
being measured in each sampling period. Only snags

 

≥

 

 20 cm in diameter and 

 

≥

 

 2 m high were included
in this analysis as these have been shown to be the
ones of sufficient stature to be used by nesting wood-
peckers (Smith 1997). The survival of living and
dead trees between 2001 and 2006 was analysed
using logistic regression with stem diameter and height
as predictive variables. All analyses were carried out
in SAS 9.1.

 

RESULTS

Stand composition

 

The stand compositions of the four woods as measured
in 2001 are summarized in Figure 1. All woods were
dominated by oak but there is some variation in the
numbers of the other species. The stem density was
higher in Wormley Wood than the other three,
reflecting the smaller average tree diameter there.
The overall basal area varied little between the sites
(Smith 2000). The fraction of standing dead trees
also varied between sites, but overall an average of 3.3%
of stems 

 

≥

 

 20 cm dbh were dead, which represents a
mean of 4.75 dead stems/ha (range 2.86–8.71).

 

Nest-sites

 

Full details of the nest trees used by the three wood-
pecker species in the four study woods are given in
Appendix 2. A total of 517 nest trees were used by
Great Spotted Woodpeckers, 16 by Lesser Spotted
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and 36 by Green. For Great Spotted this is estimated
to be at least 90% of all the nest-sites used in the
woods over the study period (Smith 2005). The
overall usage of dead and living trees for nest-sites
and whether the cavity itself was excavated in a dead
part of the tree (a dead limb for instance) are sum-
marized in Table 1. It is clear that all three wood-
pecker species made use of living as well as standing
dead trees, although the Green Woodpecker was less
likely to use dead trees than the other two species
( , 

 

P

 

 

 

=

 

 0.002). Standing dead trees were
relatively rare in these woods and so the selection
indices show that there was strong selection for dead
snags by Great and Lesser Spotted Woodpeckers but

no significant selection by Green Woodpecker.
Table 1 also shows that there were clear differences
in the relative use of dead nest-sites by the three
species. Green Woodpeckers were more likely to
use living nest-sites than Great Spotted, and
Lesser Spotted were more likely to use dead sites
( , 

 

P

 

 

 

<

 

 0.001). Examination of the data in
Appendix 2 makes it clear that not all dead snags
were used equally. In particular, dead birch stems
were heavily used as nest-sites whereas dead oak was
much less so.

 

Foraging locations

 

The numbers of living and dead foraging trees used
by Great and Lesser Spotted Woodpeckers are
summarized in Table 2. There was no significant
difference between the species (Fisher’s exact test,

 

P

 

 

 

=

 

 0.19), nor was there any suggestion of strong
selection for foraging in dead trees, with over 95% of
observations in live trees and the selection indices
not significantly different from unity. In fact the
Lesser Spotted Woodpecker, if anything, favoured
living trees with the upper limit of the selection
index confidence interval only just exceeding 1.
There were, however, significant differences in the
foraging substrates themselves (Table 3) with Great
Spotted Woodpecker more likely to use dead sites
than Lesser Spotted ( , 

 

P

 

 

 

<

 

 0.001, with
Yates correction).

Figure 1. The stand composition of the four study woods
measured in 2001: (a) living stems, (b) standing dead stems,
‘snags’. Only stems ≥ 20 cm dbh are included.

Table 1. The overall category of nest location used by three woodpecker species in the Hertfordshire study sites from 1984 until 2006.
Selection indices are based on the ratio of the available resource and its usage and indicate the degree of selection for dead trees.

Total no. of 
nest trees

Alive tree, 
live nest-site

Alive tree, 
dead nest-site

Dead 
tree

% nest 
trees dead

Selection 
index 95% CI

Green Woodpecker 36 31 2 3 8.3 2.67 0.0–5.55
Great Spotted Woodpecker 517 270 72 175 33.8 10.26 9.02–11.50
Lesser Spotted Woodpecker 16 1 7 8 50.0 15.15 7.72–22.58

χ2
2 12 20  .=

χ2
2 30 01  .=

Table 2. The use of live and dead foraging trees by Great and
Lesser Spotted Woodpeckers in the Hertfordshire study sites.
Selection indices indicate the degree of selection for dead trees.

Living 
tree

Dead 
tree

% 
dead

Selection 
index 95% CI

Great Spotted  
Woodpecker

198 11 5.3 1.61 0.69–2.53

Lesser Spotted  
Woodpecker

85 1 1.2 0.36 0.0–1.06

χ1
2 30 31  .=
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Great Spotted Woodpeckers foraged on larger
diameter branches lower in the trees than Lesser
Spotted (Great Spotted Woodpecker, median
diameter 8.0 cm (range 1–55, 

 

n

 

 

 

=

 

 196), Lesser Spotted,
median diameter 2.0 cm (range 1–10, 

 

n

 

 

 

=

 

 82) Mann–
Whitney 

 

U

 

 

 

=

 

 1.42 

 

×

 

 10

 

4

 

, 

 

P

 

 

 

<

 

 0.001; Great Spotted
Woodpecker, foraging mean height 13.94 m (

 

±

 

 0.49
se, 

 

n

 

 

 

=

 

 197), Lesser Spotted, 16.69 m (

 

±

 

 0.78 se,

 

n

 

 

 

=

 

 85), 

 

t

 

 

 

=

 

 3.03, 

 

P

 

 

 

=

 

 0.003). In addition to the
observations of foraging on trees, for Great Spotted
Woodpeckers, there was a significant number of
observations of birds foraging on dead wood on the
ground (31 in addition to the 209 on trees – 12.9%).
By contrast, there were no observations of Lesser
Spotted Woodpeckers foraging on the ground although
they did on occasions forage quite close to the ground
but still on standing or leaning trees. Green Wood-
peckers were rarely found foraging within the woods,
apparently doing most of their feeding outside on
open ground.

 

Long-term trends in dead wood resources 
in Wormley and Hitch Woods

 

Over the course of the study there have been sig-
nificant trends in the dead wood resources in the

woods. The numbers of standing dead stems (

 

≥

 

 20 cm
dbh) from 1986 to 2006 are shown in Table 4. For
Wormley Wood, the increase with year was highly
significant for all stems combined and for oak stems
(repeated-measures regression, 

 

n

 

 

 

=

 

 411, all stems

 

z

 

1 = 4.15, P < 0.001, oak stems z1 = 4.50, P < 0.001),
whereas there was no significant trend for dead birch
stems (z1 = 0.60, P = 0.95). For Hitch Wood, there
was no significant trend for all dead stems combined
nor for oak stems (repeated-measures regression,
n = 275, all stems z1 = 1.24, P = 0.21, oak stems z1 =
0.05, P = 0.96). There were insufficient dead birch
stems in Hitch Wood to allow an analysis of trends.

The volumes of dead wood on the ground have
increased in both Wormley and Hitch Woods since
1986 (Wormley Wood, loge(vol) = –56.7 + 0.027 * year,
n = 337, z1 = 2.50, P = 0.01; Hitch Wood, loge(vol) =
–70.9 + 0.034 * year, n = 232, z1 = 2.29, P = 0.02;
Fig. 2). In addition to the overall increase, in Worm-
ley Wood there was a temporary increase apparent in
1991 which was the result of trees and limbs blown
to the ground in the major storms of October 1987
and January 1990. In Hitch Wood there was a tem-
porary increase in 1996 which was the result of ‘top
and lop’ left after selective thinning of mature oak
trees through the wood in the winter of 1995/96.

Snag dynamics and its implications for 
nesting woodpeckers

The number of snags present at any one time is the
result of two processes: snag generation as living
trees die because of old age, disease, lightning strike
or wind damage, and snag collapse as the snags decay
and eventually fall or are removed by management
operations (Raphael & Morrison 1987, Morrison &
Raphael 1993). The rates of these processes will vary
with time and between species. Table 5 summarizes
the survival rates of living stems between 2001 and

Table 3. The numbers of foraging observations of Great and
Lesser Spotted Woodpeckers on living and dead substrates in
the Hertfordshire study sites.

Living  
substrate

Dead  
substrate

% on dead 
substrate

Great Spotted 98 106 52.0
Woodpecker

Lesser Spotted 74 11 12.9
Woodpecker

Table 4. The numbers of standing dead stems (‘snags’) per ha (± se) in Wormley and Hitch Woods from 1986 to 2006. Only
stems ≥ 20 cm dbh and ≥ 2 m height are included (see text for details). n is the number of sample locations in each wood and year.

Wormley Wood Hitch Wood

Year All stems Oak stems Birch stems All stems Oak stems

1986 11.1 ± 4.74 (n = 23) 5.54 ± 2.58 5.54 ± 3.25 3.02 ± 2.10 (n = 21) 1.53 ± 1.53
1991 11.9 ± 2.07 (n = 99) 6.75 ± 1.53 3.53 ± 1.11 6.00 ± 1.72 (n = 64) 3.98 ± 1.50
1996 5.81 ± 0.72 (n = 99) 4.27 ± 0.60 0.93 ± 0.25 2.55 ± 0.54 (n = 64) 1.43 ± 0.38
2001 8.95 ± 0.97 (n = 95) 6.65 ± 0.88 1.29 ± 0.32 2.99 ± 0.64 (n = 63) 2.18 ± 0.59
2006 10.4 ± 0.91 (n = 95) 7.45 ± 0.86 1.72 ± 0.39 2.26 ± 0.55 (n = 63) 1.86 ± 0.50
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2006 using combined data from Wormley and Hitch
Woods. For oak, Hornbeam and Ash, around 0.5%
die or fall per year but given the high numbers of
standing living trees/ha this translates to a snag
generation rate of about 1/ha per year. The mortality
rate of birch trees is higher at about 3.5% per annum.
For none of the tree species was there sufficient data
to examine the effect of dbh on survival.

The survival (probability of remaining standing)
of standing dead snags is summarized in Table 6. The
annual survival of oak snags was 95.2%, significantly
higher than that for birch (80.7%). There was a trend
for oak snags of larger diameter to have a higher
probability of remaining standing but this was not
quite significant ( , P = 0.054). In the case
of birch there was no significant impact of diameter
( , ns) although taller snags tended to be
more likely to fall ( , P = 0.06) but this was
not quite significant. For Hornbeam there were no

effects of height or dbh on survival ( , ns;
and , ns, respectively).

Using the survival figures, simple annual accounts
for oak and birch snags in Wormley Wood can be
produced. For oak, each year 0.50 new snags/ha are
generated and 0.32 existing snags fall resulting in a
net increase of 0.18 snags/ha/yr (2.9%) and an annual
turnover of 7.7%. For birch, each year 0.24 new
snags/ha are generated which is matched by the
same number falling – no net increase but an annual
turnover of 19%.

The re-use of snags by nesting Great 
Spotted Woodpeckers

Although snags can stand for many years (particularly
oak) they are only used by nesting Great Spotted
Woodpeckers for a short period. For instance, of the
30 dead oak trees used for nesting, 26 were used for

Table 5. The survival of living trees between 2001 and 2006
based on a random sample of trees monitored in both years
in Wormley and Hitch Woods. Only stems ≥ 20 cm dbh are
included in the sample.

Species
Standing & 
alive 2001

Standing & 
alive 2006

Annual 
survival 95% CI

Oak 488 475 0.995 0.991–0.997
Birch 99 83 0.966 0.944–0.979
Hornbeam 1452 1413 0.995 0.993–0.996
Ash 96 93 0.994 0.980–0.998

Figure 2. Trends in the volume of dead wood on the ground in Wormley and Hitch Woods from 1986 to 2006. Upper points and line,
Wormley Wood; lower points, Hitch Wood. Error bars indicate 95% confidence intervals.

χ1
2 3 76  .=

χ1
2 0 50  .=

χ1
2 3 44  .=

χ1
2 0 38  .=

χ1
2 0 02  .=

Table 6. The probability of standing dead trees (‘snags’)
remaining standing between 2001 and 2006. Based on surveys of
a randomly selected sample of snags. Only snags ≥ 20 cm dbh
and ≥ 2 m high are included in the sample.

Species
Standing 

2001
Standing 

2006
Annual 
survival 95% CI

Oak 188 147 0.952 0.936–0.965
Birch 123 42 0.807 0.765–0.845
Hornbeam 158 90 0.894 0.867–0.916
Ash 21 12 0.894 0.806–0.950
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only one year with a mean number of years used of
1.23 (range 1–4 years). In the case of birch, of the
117 nest trees, 91 were used for only one year with
a mean of 1.50 years (range 1–5 years). For both species,
the snags are used soon after dying but then may sub-
sequently stand for many years without further use.

DISCUSSION

Nest-sites

There is a clear trend for the smaller woodpecker
species to make the greatest use of dead trees and
dead branches for nest-sites with the Lesser Spotted
Woodpecker far more likely to use dead nesting sites
than the other two. Both Great and Lesser Spotted
also show strong selection for nesting in dead snags,
particularly dead birch in the case of the former.
Even though only a small number of Lesser Spotted
nests have been found in the Hertfordshire woods,
the selection for dead snags is very strong and positive.

Similar results have been reported in other studies.
Glue and Boswell (1994) analysed the woodpecker
data held by the Nest Record Scheme of the British
Trust for Ornithology. They found that roughly
half of the Green and Great Spotted nests were in
‘mature/live’ trees and half in trees recorded as ‘dead/
decaying’, whereas for Lesser Spotted Woodpeckers
75% of nests were in ‘dead/decaying’ sites. Studies
in Norway (Hågvar et al. 1990, Stenberg 1996),
Sweden (Wiktander 1998), Germany (Höntsch 2004,
Rossmanith 2005) and Poland (Weso4owski &
Tomia4ojc 1986) have all reported similar high
usage of dead or decayed nesting sites by Lesser
Spotted Woodpeckers.

For Great Spotted Woodpeckers the restricted
availability of dead snags does not appear to have
limited their population increase in the Hertford-
shire woods. In Wormley Wood the number of nests
has increased from seven in 1985 to 25 in 2006,
whilst the number of those nests in dead snags has
remained roughly constant with a mean of 4.17
(± 0.43 se) per year and no trend over time (F1,21 =
0.36, P = 0.56). This, together with the fact that the
number of available favoured snags (mainly dead
birch) has not increased, suggests that Great Spotted
Woodpeckers may now be making full use of the
available supply of dead nesting snags. With increas-
ing numbers they have been able to exploit living
trees but still use those dead snags that are available.
It could well be that the Lesser Spotted Woodpecker,
which is more dependent on dead snags, is now

suffering from limited nest-sites in these woods
particularly in the presence of increased numbers
of Great Spotted Woodpeckers. It has long been
reported that Lesser Spotted Woodpeckers suffer nest-
site competition and predation by Great Spotted
Woodpeckers (Brown 1994, Glue & Boswell 1994,
Rossmanith 2005), but as yet there has been no
investigation of population-level consequences of
this competition.

The preference for dead birch snags for nesting by
both Great and Lesser Spotted Woodpeckers creates
an interesting dilemma in relation to the long-term
management of the woods and their evolution
towards high forest. These birch snags are only suitable
for nest-sites for a few years after the trees die;
subsequently, they may stand unused and then quite
quickly fall. To create a continuity of supply requires
open conditions, at least in parts of the wood, suitable
for birch to establish as a pioneer species. The current
non-intervention management in Wormley Wood for
instance is unlikely to provide future generations of
birch snags unless natural disturbance events occur
on a big enough scale to provide open tree fall gaps.

An interesting feature of the BTO Nest Record
Scheme data (Glue & Boswell 1994), also reported
from Germany (Höntsch 2004), is the heavy use of
fruit trees by nesting Lesser Spotted Woodpeckers.
In Germany the birds were using orchards in close
proximity to broadleaved woodlands, the suggestion
being that the mature orchard trees provided an
abundance of dead nesting sites whilst the adjacent
woodland was used for foraging.

Foraging locations

Dead snags were not particularly important foraging
sites for either of the spotted woodpeckers. Both
showed no particular preference for foraging on dead
snags although they made great use of dead branches
on living trees. The Great Spotted favoured largish
diameter dead branches on live trees whereas the
Lesser Spotted foraged most on small-diameter live
branches high in trees. The Great Spotted also used
dead wood on the ground which was little used by
the Lesser Spotted Woodpecker.

The use of small-diameter branches by foraging
Lesser Spotted Woodpeckers has been reported
elsewhere (Hogstad 1978, Olsson 1998), although
in these studies a far higher fraction of the branches
were dead than in the Hertfordshire results. This
difference could be related to different tree species
or differences in the timing of observations. For
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instance, Olsson (1998) found a switch from foraging
on dead sites in the winter to live sites in early spring.
It is possible that I have included more observations
in the early spring period than Olsson. In my studies
the birds often foraged by rapid surface pecking
rather than the excavation reported by Olsson.

Dead wood dynamics

Dead wood volumes are increasing in both Wormley
and Hitch Woods and this accords with recent
national results from the RSPB/BTO Repeat
Woodland Bird Survey (Amar et al. 2006). In the
Hertfordshire woods, dead wood on the ground has
increased and there is a trend towards increasing
numbers of dead oak snags, significantly so in Wormley
Wood. The number of birch snags has not changed
significantly but there is a very rapid turnover of
individual snags. In the case of oaks, the rate of
turnover is very low, so that even a modest rate of snag
generation can result in a long-term increase of the
standing resource. Wormley Wood has been managed
by non-intervention for around 50 years, so the
increases in dead wood indicate the rate of develop-
ment from a highly managed coppice wood with
standards towards a more unmanaged high forest.
What is perhaps surprising is the slow rate of change
– it has taken over 20 years for the dead wood on
the ground to increase from 4 to 7 m3/ha (back-
transformed means of log volume). In the case of
Hitch Wood there has been a tradition of stand
management by selective thinning and continuous
exploitation of fallen dead wood for firewood. The
dead wood volumes are lower than in Wormley,
reflecting these management processes. The exploita-
tion for firewood has decreased in recent years,
which is probably responsible for the increase in
dead wood from a low starting point. There have also
been episodes of dead snag removal in Hitch Wood
which probably account for the limited overall
increase there.

Even without management it is interesting to note
how short lived were the impacts of the 1987 and
1990 storms on the dead wood volumes in Wormley
and Hitch Woods. Even though these were major
disturbance events their impacts on the dead wood
volumes within the wood were not really detectable
after 5–10 years.

Although the concepts of snag and dead wood
dynamics have been well articulated in North America
(Harmon et al. 1986, Raphael & Morrison 1987,
Morrison & Raphael 1993) they have received little

attention in Europe. In general, dead wood targets
have been aspirational and relate to quantities of
dead wood on the ground or the numbers of standing
snags (Kirby et al. 1998, Butler et al. 2002), often
using data from old-growth stands to provide a
‘reference’ condition. This study has demonstrated
clearly that the ‘standing crop’ of dead wood at any
one time is the result of a balance between the
processes of generation and loss. It is these processes
that are critical for the woodpeckers and probably
other taxa too, for example newly created snags for
nesting or dying limbs on live trees for foraging sites.
From the point of view of woodpeckers, it is important
to maintain these processes rather than concentrate
on dead wood volumes per se, which are more likely
to reflect past events than current processes.

It is also important to consider how realistic
the deadwood targets are in relation to the natural
development of previously managed stands in Britain.
Both Wormley and Hitch Woods fall well within
the ‘low’ category defined by Kirby et al. (1998)
(< 20 m3/ha), in spite of probably 50 years of non-
intervention in the case of Wormley Wood. Without
a major disturbance event involving significant loss
of canopy trees, it is difficult to imagine Wormley
evolving beyond Kirby’s ‘medium’ level (20–40 m3/
ha) in the foreseeable future. Comparison with data
from old-growth stands shows that managed stands
are often lacking in large-diameter fallen and standing
dead trees (Kirby et al. 1991); which can have a
considerable impact on mean dead wood volumes.

Trends in woodpecker numbers

Green Woodpeckers do not appear to be limited by
nest-sites in these study woods and their upward
trend in numbers is most likely linked to availability
of food outside the woods and perhaps high survival
because of the recent series of mild winters. Great
Spotted Woodpeckers do not appear to be nest-site
limited either, in that they readily nest in mature live
trees which are abundant in these woods. It has been
shown that their breeding success has increased over
the last two decades largely as a result of release from
nest-site competition from the Common Starling
Sturnus vulgaris (Smith 2005, 2006). Their continued
increase may now be related to the availability of
dead wood foraging resources within the woods.

By contrast, the Lesser Spotted Woodpecker does
not appear to be benefiting from the increase in dead
wood resources. A possible explanation is that the
types of dead wood that are increasing in these
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woods (large dead limbs and dead wood on the
ground) are not favoured foraging habitats for this
species. It is also entirely feasible, although as yet
unproven, that they are now less able to coexist with
the high numbers of Great Spotted Woodpeckers
principally because of nest-site interference and
competition.

I thank the owners and managers of the study woods,
Welwyn-Hatfield District Council, The Woodland Trust
and Sir Simon Bowes-Lyon, for permission to work in
their woods and for their help and interest. Linda Smith
helped with the collection of stand and dead wood data.
Andrew Knight helped with access to Hitch Wood. Dan
Chamberlain and anonymous referees provided helpful
comments on drafts of the paper.
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Appendix 1. Methods and sampling framework for assessing the stand composition and dead wood volumes.

Appendix 2. Nest trees used by Lesser Spotted, Great Spotted and Green Woodpeckers in four Hertfordshire woods 1984–2006. Each
nest was allocated to one of three exclusive categories as follows: living tree, live site; living tree, dead site; dead tree.

Variable Measurements Sampling regime

Standing living trees – Species, dbh, height – 1 point per 4 ha 1986
– All stems > 5 cm dbh within 10 m from sample point – 1 point per 1 ha 1991–2006

Standing dead trees – Species, dbh, height, top height, condition – 1 point per 4 ha 1986
– All stems > 5 cm dbh – 1 point per 1 ha 1991–2006
– 1986 & 1991 within 10 m from sample point
– 1996 to 2006 within 25 m from sample point

Dead wood on the ground – Species, length, diameter, condition – 1 point per 4 ha
1986, 1991

– All fallen logs > 3 cm diameter, > 0.3 m long 
within 10 m from sample point

– 1 point per 1 ha 1996–2006

Tree species

Lesser Spotted Great Spotted Green

Alive tree
Dead 
tree

Alive tree
Dead 
tree

Alive tree
Dead 
treeA site D site A site D site A site D site

Oak Quercus spp. 1 5 0 183 25 30 19 1 1
Birch Betula spp. 0 0 2 6 5 117 0 0 1
Ash Fraxinus excelsior 0 2 0 70 10 3 12 1 1
Hornbeam Carpinus betulus 0 0 0 1 15 5 0 0 0
Beech Fagus sylvatica 0 0 1 1 14 3 0 0 0
Elm Ulmus spp. 0 0 3 1 0 11 0 0 0
Rowan Sorbus aucuparia 0 0 1 0 0 1 0 0 0
Other* 0 0 1 8 3 5 0 0 0
Total 1 7 8 270 72 175 31 2 3

*Other species were as follows: Aspen Populus tremula, Cherry Prunus avium, Sycamore Acer pseudoplatanus, Sweet Chestnut
Castanea sativa, Scots Pine Pinus sylvestris, Goat Willow Salix caprea, larch Larix spp. and poplar Populus spp.


