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Abstract

We explored which species of woodpeckers depend on the supply of standing dead trees (snags) in Estonia and how
that dependence relates to their invertebrate prey base. In a 900-km? area in east-central Estonia, we described the snag
supply within a radius of 600 m around 73 nests of six woodpecker species and in 30 random transects representing the
available forest landscape. We modelled woodpecker habitat preferences as differences between the snag supply around
their nests and in random transects, analysed the incidence of woodpecker foraging signs in terms of dead-wood
characteristics, and estimated the abundance of arthropods in bark samples collected from snags in late winter. The
results confirmed the division of woodpeckers into ‘snag specialist’ and generalist species. Characteristically, the abundant
snag supply in the nesting territories of the three specialised species — White-backed Woodpecker (Dendrocopos leucotos),
Lesser Spotted Woodpecker (D. minor) and Three-toed Woodpecker (Picoides tridactylus) — included many alders and
Norway spruces and few Scots pines, which generally followed the frequency of use and arthropod abundance in these
trees. The scarcity of arthropods in the bark samples from birch coincided with a low frequency of foraging signs on its
trunks; however, birch was not avoided around the nests and may host important prey base in its abundant fungal fruit-
bodies. Larger snags tended to have more arthropods per unit of bark area but their importance for woodpeckers was not
clear. We concur with previous suggestions that the requirements of specialised woodpeckers can be used for deriving
tentative targets of snag-retention. In this study, their nesting probability increased from 25% to 75% when snag densities
(=5 cm diameter, =0.5 m height; pine snags excluded) increased from 100 to 200 trunks per hectare. However, snag
management should be spatially explicit, because such levels can hardly be sustained all over the landscape, and also
consider at least epixylic fungi and specific insects, which require different types of snags than woodpeckers.
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Introduction

In recent decades, rare species dependent on dead
wood have received considerable interest by forest
scientists and managers. This is because intensive
forest management significantly reduces the supply of
dead wood and, thereby, may threaten a large part of
forest biodiversity (Siitonen 2001, Grove 2002). Thus,
an important question for developing ecologically
sustainable modifications or alternative approaches in
forestry is: how much, and which kind of dead wood
should be left in forests in order to avoid species ex-
tinctions.

Woodpeckers hold a special position in dead-
wood research and management for three reasons.
First, several woodpecker species are narrowly spe-
cialised to feed upon wood-inhabiting invertebrates at
least seasonally, and those species are threatened with
extinction in intensively managed regions (e.g. Rob-
erge et al. 2008a). Second, because most woodpeck-

ers are year-round resident birds that are relatively well
detectable, they may act as focal taxa for the conser-
vation management of large parts of forest biodiver-
sity, such as the less conspicuous wood-inhabiting
insects and cryptogams (Martikainen et al. 1998, Rob-
erge et al. 2008Db) or forest birds in general (Mikusinski
et al. 2001). Finally, because of their large home-rang-
es, woodpeckers are particularly informative on large
(landscape-planning) scales, where the effects on small
organisms are more difficult to monitor and may be less
expressed (e.g. Angelstam et al. 2004, Roberge et al.
2008b).

To be effectively used as focal species for man-
agement, woodpeckers’ requirements for dead wood
should be described quantitatively ont proper spa-
tial scales and understood causally (e.g. Drapeau et
al. 2009). The causal links are particularly important
when habitat use of the species differs geographi-
cally (e.g. Vili et al. 2004), as reported also for some
European specialised woodpecker species with re-
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spect to forest types used (Angelstam et al. 2004).
Such variation includes the large-scale patterns cre-
ated by climate: in areas experiencing thick and last-
ing snow cover, most downed wood remains inacces-
sible in winter and standing dead trees (hereafter
‘snags’) become crucial for woodpeckers (Aulén 1991,
Bull et al. 1993). Interestingly, a recent study found
relatively weak relationships between snag supply
and woodpecker abundance in four species in south-
central Lithuania, which was attributed to the narrow
range of conditions studied (Roberge et al. 2008a).
Hence, additional Baltic studies are needed, particu-
larly from northern (hemiboreal) areas, with an em-
phasis on which kind of snags, and why, are crucial.
That would mean measuring the actual supply of in-
vertebrate prey in snags in relation to snag charac-
teristics — a rare type of studies in general and not
undertaken in hemiboreal Europe to our knowledge.
In hemiboreal environments, winter food base is crit-
ical for woodpeckers, and in this season the special-
ist species actually use dead trees most (Pettersson
1983, Aulén 1988).

In this study we explore which species of wood-
peckers depend on the supply of snags in Estonia,
how that dependence might be related to the winter
abundance of invertebrates in those trees, and how
the incidence of woodpecker nesting in relation to
snag supply could be used for informing forest man-
agement. Obviously, the abundance of invertebrates
in snags generally follows snag abundance, but we
ask whether the species and size of the trees also
matter. Thus, we (1) relate, using multifactor logistic
regression modelling, the incidence of nesting terri-
tories of woodpeckers to the abundance of various
fractions of snags; (2) compare the snags of four
common taxa — Scots pine (Pinus sylvestris), Norway
spruce (Picea abies), birches (Betula spp.) and black
alder (Alnus glutinosa) — both in terms of their use
by woodpeckers and the abundance of wintering ar-
thropods; (3) test for tree-size effects to explore a
possible conflict with forestry — arthropods may be
most abundant in large snags (Grove 2002, but see
Lindhe et al. 2005), while such snags are particularly
rare in managed forest landscapes (Lohmus 2003,
Lohmus et al. 2005). We expect that the types of
snags having the highest arthropod abundance are
most used for foraging by woodpeckers and such
snags are also most influential for the birds’ nesting
territory selection. We also expect that these pat-
terns are most pronounced for previously distin-
guished ‘snag specialist’ woodpecker species (Rob-
erge et al. 2008a), which then could be collectively
used for informing forest management.

Materials and methods

Study area and sampling design

The study was carried out in a 900-km? area in
east-central Estonia (58°25° N, 26°20° E). The terrain
is flat. Forest land covers 49%, agricultural land 36%,
mire 8%, flood-plains 2%, rivers and lakes 2% and
settlements 3% of the area. Half the forests grow on
wet soils. Most forests feature a single-aged tree lay-
er (because of a long clear-cutting history) and con-
sist, on average, of 46% birch, 17% Scots pine, 15%
Norway spruce, 9% aspen (Populus tremula), 7% grey
alder (Alnus incana), 6% black alder and 1% other tree
species. The area includes nature reserves as well as
different production forests (four State forest districts
as well as a large number of private owners), reflect-
ing the management regimes as well as landscape com-
position typical of Estonia. That similarity includes
about 40% of forest land being developed during the
twentieth century, a low proportion of old unmanaged
forests (2% of forest land), mostly natural regenera-
tion resulting in mixed stands, and a low intensity of
thinnings (see Lohmus 2002, Lohmus and Ldhmus
2005, Lohmus et al. 2005).

The sampling scheme was based on the locations
of (1) woodpecker nests and (2) randomly distributed
transects all over the forest land (forest and clear-cuts)
to reveal the general situation ‘available’ for wood-
peckers. The latter comprised 30 long (2 km), straight
transects marked in the field (see Lohmus et al. 2005
for a map and further details). Woodpecker nests were
sought systematically in 1999-2001 in the nesting ter-
ritories previously mapped using playback techniques
in early spring (see Lohmus et al. 2000 for preliminary
results) and a combination of several other standard
methods (forest birds of the study area have been the
subject of intensive long-term surveys; ¢.g. Lohmus
2004, 2005).

Fieldwork and laboratory work

Two datasets on dead-wood abundance and use
by woodpeckers were collected between 2000 and 2004.
First, snags were counted along strip transects of 10
m width (five metres to both sides of the transect line).
In addition to the random transects (see above), three
‘nest-site transects’ were delineated around each
woodpecker nest. The nest-site transects were
straight, 600 m long each, and maximally spaced out
while staying in forest as much as possible. Hence,
when the nest was completely surrounded by forest,
the transects were 120° apart from each other, but when
the nest was situated at forest edge, the transects were
not directed to the open land and were distributed more
densely. The nest-site transects were planned on the
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map prior to fieldwork and, thus, randomly sampled the
forests in woodpecker territories. In order to maintain
observational independence, only one nest from each
nesting territory was described, and nesting territory
(or random transect) was used as the sample unit in-
stead of individual trees or nest-site transects. To
optimize field effort, only a random selection of the
nests of the most common species, the Great Spotted
Woodpecker (Dendrocopos major), were described.
Altogether, 73 nests of six species of true woodpeck-
ers were included — in addition to the Great Spotted
Woodpecker also the White-backed Woodpecker (Den-
drocopos leucotos), Lesser Spotted Woodpecker (D.
minor), Black Woodpecker (Dryocopus martius), Grey-
headed Woodpecker (Picus canus) and Three-toed
Woodpecker (Picoides tridactylus).

In the random-transect and nest-site-transect
strips, the same observer (R. K.) counted all snags at
least 0.5 m tall and 5 cm diameter at breast height (or
at the top in case of lower stumps). In nest-site
transects, the data were separately collected for 100-
m sections from the nest up to 600 m. That total dis-
tance corresponds to typical nesting-territory size of
woodpeckers (see Hagemeijer and Blair 1997), while the
sections were used to detect the scale of habitat se-
lection of the birds. For each of the 46 061 snags re-
corded, the species (six taxa distinguished: Scots pine,
Norway spruce, Betula spp., Alnus spp., aspen, oth-
er), height class (three categories: 1, 0.5-3 m; 2, reach-
ing subcanopy; 3, large tree reaching upper canopy)
and presence of any signs of woodpecker foraging
were recorded. The most common tree species in the
category ‘other’ was European ash (Fraxinus excel-
sior).

A supplementary dataset was collected by another
observer (P. Lohmus) to explore woodpeckers’ inten-
sive use of dead-wood items of particular qualities,
including downed dead wood. For that, all large snags
(diameter at breast height (DBH) =10 cm; over 1.5 m
tall) and downed wood (diameter of the thickest end
220 cm; =50 cm long) were mapped on the random
transects (see Lohmus et al. 2005 for general results).
The 2573 items found were characterized by tree spe-
cies, diameter, decay stage, and extensive breakage by
woodpecker activity; snags were also divided into
those with bark (over 20% of surface covered with
bark) and without.

To estimate the abundance of arthropods winter-
ing in the snags, 80 trees of four common species
(Scots pine, Norway spruce, birch and Black alder) were
sampled on ten transects by M. S. The transects were
selected according to the co-occurrence of the tree
species there to minimize the effects of surrounding
habitats. In late March to early April 2004 and 2005,

bark samples were collected from two dead trunks of
each tree species in each transect and year using a
modified method of Powell et al. (2002). Only trunks
having relatively intact wood (approximately 1 cm could
be penetrated by knife) and extensive bark cover were
considered, and size differences between the trees of
different species were avoided. From each trunk, bark
was removed at two 15x15 cm square plots (facing
north and south, respectively) at approximately 1 m
height. After the bark removal, xylem gallery entranc-
es of wood-boring insects were counted in each ex-
posed plot. The bark samples were dissected in labo-
ratory and all arthropods found were determined to
order and counted. In case of Collembola, only indi-
viduals >5 mm long were recorded. Because most gal-
lery entrances had been made by beetles, the index of
beetle abundance was derived as the sum of individ-
uals found and the entrances (Powell et al. 2002).

Data analysis

The data analysis comprised three parts: (1) dis-
tinguishing the characteristic features of the snag sup-
ply around specialist-woodpecker nest-sites as com-
pared with the situation generally available (random
transects) or around generalist woodpecker nest-sites;
(2) relating the incidence of woodpecker foraging to the
characteristics and location (around nest-sites vs. in
random transects) of dead trees; (3) testing for tree
species and diameter effects on the abundance of ar-
thropods in the bark samples. The analyses were car-
ried out using STATISTICA 8.0 software. In case of
parametric tests, Kolmogorov-Smirnov test was used to
check the normality of distributions, and logarithmic
transformations were used by necessity in part (3).

For part (1), eleven candidate variables were used:
diversity of the snag supply (Shannon index calculat-
ed from the relative frequencies of the trees in the 18
taxonxsize categories), total density of snags, and its
subsets — snag densities of the three height catego-
ries and six taxon categories. The densities were ob-
tained by standardising snag count results of random
and nest-site transects (all three transects of each nest-
site pooled) to trees-per-hectare units. Two nests in
cemeteries were omitted from the analyses as outliers.
Then, confirmative one-way analyses of variance of
total snag density and snag composition were carried
out to explore the expected grouping of the species
as specialists and generalists. The expectation was that
the snag supply around the nest-sites of specialist
species tends to be more abundant and composition-
ally different from random transects. Those differenc-
es of each nest site and random transect from each
other were measured in cluster analysis as Euclidean
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distances using ten variables (omitting the total den-
sity). Finally, the characteristic features of the nest-
sites of specialist species were extracted using multi-
variate logistic regression (separately for the compar-
ison with generalists and the random transects). Be-
cause of many redundant variables, we first made pre-
liminary univariate screening of the variables. The best
explanatory models with those variables having uni-
variate p < 0.1 were then built using both forward and
backward stepwise procedure.

In part (2), two basic analyses were carried out.
First, the incidence of intensive foraging (see above)
was related to tree species and tree diameter using
logistic regression. Second, analyses of variance
(ANOVA) were conducted to check whether the pro-
portion of snags carrying any signs of woodpecker
foraging differed according to their location around
woodpecker nests vs. random transects, tree taxa and
height categories. For those ANOVAs, the sample unit
was either a random transect or a nest-site, and the
proportions of use for different tree taxa or height
categories were treated as repeated measures in each
transect. Only the proportions based on at least five
snags observed were considered.

For the arthropod analysis (part 3), the sample unit
was a tree species in one transect, i.e. the abundance
values of each major arthropod taxon group from the
two snags x two bark samples of each tree species were
averaged. The effects of tree species and tree diame-
ter were then explored using conventional univariate
tests depending on the variable distribution (ANOVA,
Kruskal-Wallis ANOVA, Spearman correlation).

Results

Snags around woodpecker nests and in random
transects

The general analysis of the supply of snags
around woodpecker nests and on the random transects
strongly supported the ecological groups of special-
ist and generalist species among woodpeckers. The
total density of snags differed among woodpecker
species and the random transects (ANOVA: F = 2.4,
p = 0.035), with the three expected specialist species
(White-backed Woodpecker, Lesser Spotted Wood-
pecker, Three-toed Woodpecker) nesting in most snag-
rich forests (Fig. 1a). The values observed (Fig. 1a)
indicate that values exceeding 150 dead trunks per
hectare result in a rapid increase in the probability of
nesting of those species. The same species consist-
ently differed most from the random transects in terms
of snag composition (Fig. 1b).

The total density of snags did not vary along with
the distance from woodpecker nests within the 600 m
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Figure 1. Mean (+ SE) density of snags (a) and difference
from the snag composition of random transects (b) in the
nesting territories of six species of woodpeckers and the
random transects. Species: D. leu — Dendrocopos leucotos,
D. maj — D. major, D. min — D. minor, D. mar — Dryocopus
martius, P. can — Picus canus, P. tri — Picoides tridactylus.
The numbers are sample sizes. In part (b), ‘random transects’
denote the mean difference of random transects from all other
random transects

considered (Repeated measures ANOVA for the six 100-
m distance classes: F,, .= 0.3, p = 0.90). However, the
difference between specialist and generalist species
(F, =48, p=0.032) was most pronounced within 200
m (Fig. 2a) even though the distance x woodpecker
type interaction was not significant (F =09,p=
0.51).

Of eleven variables considered for distinguishing
the snag supply around the nests of specialist spe-
cies and the random transects (Table 1), three (densi-
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Figure 2. Mean (£ 95% CI) density of snags (a) and the proportion carrying signs of woodpecker foraging (b) along with
the distance from woodpecker nests (100-m distance intervals; generalist and specialist species distinguished, cf. Fig. 1)

Table 1. Characteristics of the snag supply Variable

Median (quartile range)

in the forests around woodpecker nests and

in random transects

Specialist Generalist Random
speciesa speciesb transects
(n=31) (n=42) (n=30)

General statistics

Total density of snags, no. ha

195 (150-235)

145 (92-204)

119 (68-196)

Shannon index of diversity 1.8(1.6-2.0) 1.8(1.7-1.9) 1.7(1.5-2.1)
Tree-species composition

Snags of Pinus sylvestris, no. ha'' 0 (0) 0 (0-51) 1 (0-36)
Snags of Picea abies, no. ha' 24 (5-39) 10 56-28) 9 (2-21)
Snags of Betula spp., no. ha' 60 (18-98) 31 (16-82) 19 (8-69)
Snags of Alnus spp., no. ha’’ 81 (41-112) 29 (13-79) 31 (3-47)
Snags of Populus tremula, no. ha' 5 (0-13) 3 (0-9) 1 (0-5)
Snags of other tree species, no. ha'' 5(1-9) 2 (0-5) 2 (0-7)
Size composition

Snags 0.5-3 m tall, no. ha'' 101 (68-141) 74 (41-123) 55 (26-92)
Medium-height snags, no. ha™ 83 (55-108) 54 (37-87) 59 (30-87)
Large dead trees, no. ha' 5(3-10) 5 (3-8) 5 (2-8)

a Dendrocopos leucotos, D. minor, Picoides tridactylus
b Dendrocopos major, Dryocopus martius, Picus canus
¢ calculated from the relative abundances of 18 types (6 taxa x 3 height classes)

ty of ‘other’ tree species and large trees; diversity of
the snag supply) were not significant (p > 0.1) at the
univariate screening stage. Among the remaining var-
iables, only two were significant after controlling for
the total density of snags (likelihood-ratio test: x* =
9.5, p = 0.002): the densities of spruce (positive; x> =
7.4, p =0.006) and pine (negative; x> = 14.5, p <0.001).
A full type-III model with those three variables re-
tained all of them as significant (Table 2); this was also
the best model among all possible three-variable mod-
els, and no other variable could be added to retain all
variables significant at p < 0.05.

Of eleven variables considered for distinguishing
the snag supply around the nests of specialist and
generalist species, four (density of birch, aspen, large
snags, and the diversity of the snag supply) were not
significant (p > 0.1) at the univariate screening stage
and two more variables (densities of low- and medium-
height snags separately) did not contribute to the to-
tal density of snags. However, such independent con-
tributions were detected for the densities of alders (pos-
itive; %? = 3.8, p = 0.05), spruce (positive; x* = 4.6, p =
0.031), ‘other’ tree species (positive; x> = 4.3, p = 0.039)
and pine (negative; x> = 12.0, p < 0.001). Because these
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Table 2. The best multivariate logistic Variable

Estimate SE LL X, p

regression models separating the snag
supply around the nests of specialist
woodpecker species (n = 31) from the
snag supply in random transects (n = 30)
and around the nests of generalist wood-
peckers (n = 41). Note the two alterna-
tive models for the specialists vs. gener-
alists contrast. LL — log-likelihood of the
variable

Specialists vs. random transects (model log-likelihood -28.3, p<0.0001)

variables tended to lose their significance in a full type-
IIT model (obviously because of redundancy-related
confounding effects to each other), additional approach-
es were used to find the best explanatory sets. First,
both forward and backward stepwise procedures ex-
tracted the densities of alder and spruce snags as ex-
planatory variables, while the forward procedure also
included the density of ‘other’ tree species (i.e., most-
ly Fraxinus excelsior) (Table 2). Second, exploration of
the best subsets indicated that, although the model
extracted in the previous approach was the best three-

Total density of snags, no. ha™ 0.012  0.004 -33.1 9.4 0.0021
Snags of Pinus sylvestris, no. ha™ -0.061  0.035 -33.8 10.9 0.0010
Snags of Picea abies, no. ha™ 0.034  0.020 -30.3 3.9 0.0497
Specialists vs. generalists, model | (model log-likelihood -38.1, p<0.0001)
Snags of Picea abies, no. ha' 0.040 0.015 -42.3 8.4 0.0037
Snags of Alnus spp., no. ha 0.014  0.005 -42.6 8.9 0.0028
Snags of other tree species, no. ha' 0.083 0.046 -41.2 6.1 0.0133
Specialists vs. generalists, model Il (model log-likelihood -40.1, p<0.0001)
Total density of snags, no. ha™ 0.008 0.004 -43.2 6.2 0.0130
Snags of Pinus sylvestris, no. ha™ -0.046  0.026 -46.1 12.0 0.0005
1.0 ° [}
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variable subset, the best two-variable subset was ac-
tually formed by the two variables left out. Therefore,
the model comprising the total density of snags (pos-
itive) and pine snags (negative) should be considered
an alternative (Table 2).

Because the specialist woodpeckers so clearly
avoided pine snags (see also Table 1), a simple prac-
tical logistic model was elaborated to illustrate their
nesting probability in relation to the density of all non-
pine snags. That relationship (Fig. 3) indicated that
when the density of such snags increased from 150
to 300 snags ha’!' the probability of specialist wood-
pecker nesting increased approximately from 50% to
90%. While there appeared an up to 25% theoretical
probability of woodpecker nesting even at snag den-
sities below 100 snags ha'! (Fig. 3), it should be re-
minded that 75% of the nest-sites found actually had
at least 150 snags ha' (Table 1).

Woodpeckers’ foraging signs on dead trees

In the random transects, thirty-five (2.0%) of the
1724 snags described (including 2.1% of the 1324 trees
with bark, and 1.8% of the 400 trees without bark), but
no downed tree (n = 849), were intensively used by
woodpeckers for foraging. Such intensive use by
woodpeckers depended significantly on tree species
(likelihood-ratio test: p < 0.0001), with Scots pine be-
ing used significantly less often (Wald test: p = 0.032)
and black alder significantly more often (p < 0.0001)

o
o

0 100 200 300 400 500 600
No. of snags ha™

Figure 3. Predicted probabilities (y-axis) and observed in-
cidence (31 nest-sites vs. 30 random transects) of the nest-
ing of specialised woodpeckers in relation to the total den-
sity of snags other than those of Scots pine. The parame-
ters of the logistic equation are: coefficient = 0.015 = 0.004
SE (i, = 18.4, p < 0.0001), intercept -2.226 = 0.707

than ‘other’ tree species. In contrast, tree diameter was
not related to the incidence of woodpecker foraging
neither as the main effect (likelihood-ratio test: p =
0.44) nor when nested within tree species (p = 0.91).

In addition to those extensively used trees, most
snags carried at least some signs of woodpecker for-
aging. Such snags formed, on average, 71 £ 16% (SD)
of the snags on the 30 random transects, which did not
differ significantly from 75 = 12% around 42 nests of
generalist woodpeckers and 74 = 12 % around 33 nests
of specialized woodpeckers (ANOVA: F,  =1.0,p=
0.38). However, there still was a clear wfthin-territory
decrease in the proportion of snags used along with
the distance from the nest (Repeated measures ANO-
VA for the six 100-m sections: F,,, = 6.7, p < 0.0001):
snags were most frequently used within 200-300 m of
woodpecker nests (Fig. 2b). That tendency did not dif-
fer between generalist and specialist species (wood-

pecker x section interaction: F, ;= 1.0, p = 0.44).
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The use of snags differed among height catego-
ries (Repeated measures ANOVA: F, | =258, p <
0.0001) with dead trees reaching the upper canopy
being used significantly more frequently (Tukey test:
p < 0.0001) than the two lower height classes. The
frequency of use of the latter was similar (Tukey test:
p = 0.88). That height-dependency was similar on ran-
dom transects and around nest-sites (transect type X
height category interaction: F, | .= 0.6, p = 0.70).

Analyses of tree-species dependent use by wood-
peckers were complicated because only a few tree spe-
cies co-occurred in reasonable numbers in the same
transects or around the same nest-sites. Yet, highly
consistent pairwise tree-species effects (mean values
compared within the sample units) confirmed three main
patterns in the average values (Fig. 4). First, the use of
birch was less frequent than any other common spe-
cies. Compared with alders (Repeated measures ANO-
VA: F, (,=70.6, p <0.0001), spruce (F ,;=20.1, p <
0.0001) and aspen (F, ,, = 6.2, p = 0.017) the less fre-
quent use of birch was similar around the nests and in
random transects. Secondly, the difference between birch
and pine (F , =10.6, p=0.0030) was only pronounced
in the random transects (Tukey test: p = 0.002), not
around the nests of either generalist (Tukey test: p =
0.99) or specialist woodpeckers (Tukey test: p = 0.76;
the interaction term in general: F, .= 4.1, p = 0.028).
That tendency of less frequent use of pines around
woodpecker nests than in the random transects (Fig.
4) was also seen when analysed separately (One-way
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Figure 4. Mean (= quartile range) share of snags with the
signs of woodpecker foraging in relation to tree species and
location (random transects or woodpecker nesting territo-
ries). The numbers refer to sample sizes (the transects or
territories with at least five trees observed)

ANOVA: F,, =4.4,p=0.021; but note the very small
sample size for specialist woodpeckers). Third, there
were no significant differences in the overall use fre-

quency between any other main tree taxa.

Insects in and under the bark

From the bark samples, altogether 719 arthropods
were caught: 373 Diptera (of those 275 Nematocera
under the bark of one spruce tree), 216 beetles, 73
spiders, 44 Hymenoptera, 5 Lepidoptera, 3 Collembo-
la, 2 Heteroptera, 1 Psocoptera and 1 Homoptera. Of
the 647 insects, 508 were adults, 137 were larvae and
two (Lepidoptera) were pupae. The average number of
gallery entrances under the 450 cm? bark collected from
one tree varied from one to six in case of different tree
species and years.

The abundance of two major taxon groups varied
significantly among tree species and, in both cases,
birch had the lowest abundance of individuals. In
beetles, that effect (ANOVA: Fi,=44,p= 0.010) in-
cluded a contrast between the beetle-rich spruce and
beetle-poor birch (Tukey test: p = 0.007). In case of
spiders (F,, =12.7, p = 0.005), their low abundance
in birch contrasted with a high abundance in black alder
(Tukey test: p = 0.008). The latter pattern was signif-
icant also in each year separately, while the result on
beetles was not significant in 2004. The abundance of
Diptera collected showed no clear variation among tree
species (Kruskal-Wallis test: H, = 4.9, p = 0.18).

Among major taxon groups, the abundance in-
creased significantly with tree diameter (tree species
pooled, n = 40) in case of beetles (r, = 0.41, p = 0.008)
and Diptera (r = 0.32, p = 0.042), but not in spiders (r_
=-0.11, p=0.51). However, in Diptera that correlation
was greatly influenced by one individual-rich large tree
(see above), after the omission of which the relation-
ship appeared only marginal (r, = 0.31, n =39, p = 0.055).

Discussion and Conclusions

Woodpeckers in relation to snags and insects

Our study confirmed, on the basis of snag densi-
ties in nesting territories, the division of woodpeck-
ers into specialist and generalist species. The same
‘snag specialist’ species as White-backed Woodpecker,
Lesser Spotted Woodpecker and Three-toed Wood-
pecker were distinguished for boreal and north-tem-
perate Europe also by Roberge et al. (2008a). Such
specificity explains the observations in the cut areas
of Estonia, where those species only occasionally nest,
while other woodpeckers (Great Spotted Woodpecker,
Black Woodpecker and Grey-headed Woodpecker) are
regular breeders in the presence of retention trees
(Rosenvald and Lohmus 2007). Apparently, the rela-
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tively abundant supply of harvesting slash and logs
does not compensate the scarcity of snags in cut ar-
eas (see Lohmus et al. 2005), probably because the
downed dead wood is inaccessible in winter. The lack
of extensive use of downed wood by woodpeckers was
also documented in our study.

In general, our study supported the idea that
snags vary in their quality for woodpeckers, and that
variation is at least partly related to invertebrate abun-
dance. In particular, specialised woodpeckers nested
in areas with abundant snags of Norway spruce and
black alder — the tree species hosting the highest
numbers of wintering beetles and spiders, respective-
ly. Black alder also was the tree species most exten-
sively pecked by woodpeckers. The observations on
the quality of Scots pine, birches, and snags of dif-
ferent sizes require additional explanations, however.

Three independent datasets indicated an avoid-
ance of Scots pine snags by specialist woodpeckers:
the logistic regression models revealing those snags
as the only type actually avoided around nests (also
different from the nest-sites of generalist woodpeck-
ers), their generally low frequency of use there (Fig.
4), and the rare incidence of extensive use by wood-
peckers. Such avoidance does not contradict the fact
that, at the same time, the bark samples from pine snags
did not appear particularly arthropod-poor. This is
because the supply of Scots pine snags in our study
area, differently from any other tree species, mostly
contains decorticate trunks (Lohmus and L&hmus
2001). Hence, the total abundance of hibernating ar-
thropods per trunk is still lowest in pine snags. More-
over, typical pine stands are situated in nutrient-poor
sites, which may have a poor food base for woodpeck-
ers in general. These ideas are supported by summer
window-trapping of insects on the same four tree spe-
cies in our random transects: the lowest numbers of
insects were trapped on pines with no difference be-
tween dead and live trunks (in other tree species, dead
trees were generally more insect-rich) and the general
arthropod composition on pine snags differed from
that on the snags of all other tree species (Soon 2004).

Birch had fewest arthropods per bark area in win-
ter and also fewest woodpecker foraging signs. Those
findings may be related to the relatively smooth bark
of birch, which offers less cover for hibernating arthro-
pods. However, woodpeckers did not avoid birch
around their nests, and the trapping study cited above
(Soon 2004) actually recorded the highest insect abun-
dance in summer on dead birch. One explanation to such
pattern is that the value of birch snags for woodpeck-
ers is due to the rich insect fauna inhabiting their char-
acteristically abundant fruit-bodies of Fomes fomenta-
rius (Aulén 1991). That importance may have been

missed because woodpecker foraging was usually re-
corded based on the pecking of the trunks only (old
fruit-bodies seemed to be damaged for various reasons).
Additionally, the abundance of birch around the wood-
pecker nests may result from the actual preference by
them for insect-rich black alders, which usually grow
in mixed stands with birch in our study area.

In terms of tree size, a novel finding was that the
density of insects (at least beetles) per surface area
was larger in larger-diameter trees. As a result, the total
per-tree insect abundance may increase disproportion-
ately to tree size; for example, because of a thicker or
coarser bark of larger trees. This contrasts with an
intuitive idea that, in case of equal volumes, smaller
dead trees would provide more habitats for surface-
dwelling organisms (Kruys and Jonsson 1999). Such
complex relationships could not be explored with our
data, but the window-trapping of insects in summer
typically also yielded more individuals from larger-di-
ameter snags (Soon 2004) and the tallest snags were
more frequently used by woodpeckers (similar evi-
dence from North America: Hutto 1995, Gunn and
Hagan 2000). Nevertheless, the real value of such
snags for woodpeckers in Estonia was apparently mi-
nor because they were rare (Table 1), the incidence of
extensive foraging by woodpeckers was not related to
tree diameter, and distinguishing the size fractions
never improved the models of woodpeckers’ nest-site
preferences. Given also that the actual responses of
insects to snag size may be highly species-specific
(Lindhe et al. 2005), the significance of small snags
and stumps should not be forgotten while establish-
ing snag conservation targets, which usually have
considered large snags only (e.g. Biitler et al. 2004).

Implications for forest management

We concur with the previous suggestions that the
requirements of specialist woodpeckers can be used
for deriving tentative targets of snag-retention in for-
estry (Biitler et al. 2004, Roberge et al. 2008a). In this
study, their nesting probability increased from 25% to
75% when the densities of snags of >5 cm in diameter
(pine snags excluded) increased from 100 to 200 trunks
per hectare. It should be stressed that those numbers
represent the environments sustaining viable wood-
pecker populations: the trends for all the three spe-
cialist species have been either stable or increasing
since the 1970s in Estonia (Elts et al. 2009). This is a
different situation than in several intensively managed
forest regions where the woodpeckers are declining or
have even gone locally extinct (Roberge et al. 2008a).
Interestingly, in the breeding areas of a Norwegian
viable population of White-backed Woodpeckers the
average abundance of dead trees (154 trees >5 cm in
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diameter per ha; Hogstad and Stenberg 1994) was al-
most identical to that recorded by us (Fig. 1a). How-
ever, that population also used Scots pine, which was
avoided in our study area.

Another finding of management value was the
scale of the most pronounced preferences and snag-
use around the woodpecker nests, i.e. 200-300 m ra-
dius (Fig. 2). This suggests a minimum size of habitat
patches for the specialised species. However, because
the actual home-ranges of the woodpeckers are much
larger, particularly in winter (Angelstam et al. 2004),
there should be a network of such snag-rich patches
in forest landscapes. In this respect, a good connect-
edness of our study area was revealed by considera-
ble snag densities and frequency of their use by wood-
peckers in the random transects.

The target patches for snag management (particu-
larly when enhancing landscape connectivity) are not
necessarily mature stands only because woodpeckers
appeared to frequently use snags of all sizes. In the
absence of thinnings, considerable quantities of snags
spontaneously develop even in first-generation mid-
aged forests, such as alder and birch stands on aban-
doned agricultural lands (Lohmus and Lohmus 2005).
Moreover, several insectivorous woodpecker species,
including the Three-toed Woodpecker, are adapted to
use naturally disturbed areas, such as post-fire com-
munities (Hutto 1995). Hence, in addition to appropri-
ate planning of set-aside stands and thinnings, ecolog-
ically sound snag retention guidelines should also be
elaborated for final fellings and for the salvage logging
of fire- or storm-disturbed areas (Hutto 2006). A prom-
ising technique is to retain dead and dying trees in small
patches or at the edges of the harvested area because
decayed snags are easily destroyed by the machinery
in the main cutting area. Where natural snags are lack-
ing, purposeful creating of high stumps during conven-
tional harvesting operations is a promising technique
(Lindbladh and Abrahamsson 2008).

We propose that, in addition to woodpeckers, two
other taxon groups with distinct requirements should
be considered for integrated snag management: (1)
epixylic lichenized and non-lichenized fungi and (2)
mono- or oligophagous insects. The first taxon group
requires decorticate snags (Holien 1996, Léhmus and
Lohmus 2001) — differently from the bark-covered
snags important to woodpeckers for their invertebrate
fauna in or under the bark (Aulén 1991). Combining
those requirements highlights the importance of retain-
ing large snags, which more probably have both bark-
covered and decorticate patches and also persist long-
er to enable passively dispersing species to colonize
them (Lohmus and Lohmus 2001). Snag persistence
and large size are also crucial for vertebrates nesting

there (e.g. Lohmus 2003). Insect communities in snags
vary according to tree species, decay stage, the de-
composing fungal species and canopy closure (e.g.
Kaila et al. 1994, 1997, Saint-Germain et al. 2007, Lind-
bladh and Abrahamsson 2008). For this taxon group,
diverse snag supply should be provided on the land-
scape scale (Lindbladh and Abrahamsson 2008) — a
requirement different from that of woodpeckers, which
primarily benefited from abundance, not the diversity
or location of snags.

Finally, we draw attention to that dead wood also
includes dead branches in the crowns of old live trees,
which were not considered in our study but may pro-
vide important prey for specialist woodpeckers (Petters-
son 1983, Smith 2007). Such trees are relatively rare in
forests managed with clear-cuttings but they may play
a substantial role for dead-wood dependent organisms
in uneven-aged silvicultural systems and traditional
cultural landscapes (note the two woodpecker pairs
nesting in cemeteries in our study as well). Hence, se-
nescent trees should be included when considering
snag-retention targets for uneven-aged systems.
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3HAYEHHUE CYXOCTOA JisAA AATJIOB B 9CTOHUU

Acko JIbixmyc, Puxo Kunke, Muxkeab CooH

Pe3ziome

MBI HCcCIen0BaNIH, KAKHE BUIBI IATIOB 3aBUCAT OT CYXOCTOS B DCTOHMHU M KaK 9Ta 3aBUCHUMOCTb CBS3aHa C X KOPMOBOI
6a3oit 6ecrno3BoHOYHBIX. Ha Tepputopui, miomaapio 900 KM? B BOCTOUHO-IIEHTPATbHON DCTOHUH OBLIO H3YYCHO KOJIUYECTBO
cyxocTos B paguyce 600 M BOKpYT 73 THe3/ IIECTH BHIOB IATIOB M Ha 30 ciy4aiiHbIM 00pa3oM pacroiOKEHHBIX TPAHCEKT,
KOTOpBIE XapaKTepu3yloT NaHHBIH JiecHOW naHxmadt. Msl (1) BEIBEIM MOJENb NMPEANOYTCHUSI MecTa OOUTAHUS JSTIAMH,
CPaBHMB XapaKTEPUCTHKH CYXOCTOS BOKDPYT THE3J ASTIOB M CIy4alHO PACIOJIOKEHHBIX TPAHCEKTaX, (2) Mo HaIUYHUIO
NPH3HAKOB JOOBIYM KOpMa IATIaMH NPOAHATH3HPOBAJIN, KAKUE XaPAKTEPHCTUKH NPEBECHHBI AATIBI IPEANOYUTAIOT, U (3)
OTIpeNIeNININ YHCICHHOCTh YWIEHHCTOHOTHX 10 COOpaHHOH B KOHIIE 3UMBI Kope cyxocTos. bbuio xapakTepHo, 4TO o0umine
CYXOCTOSI Ha TEPPUTOPHSIX 'HE3T0BAHHS TPEX BUJIOB-CHENHAINCTOB - OenocimHHOro 1i1ia (Dendrocopos leucotos), manoro
nectporo jniatia (D. minor) n Tpexmnanoro asmia (Picoides tridactylus) - BeIpakaeTcs B OOIBIIOM KOJTHYIECTBE OJIbX U elell, U
TOJIBKO B HECKOJBKHX COCHAaX, YTO B OOLIEM COOTBETCTBOBAJIO OTHOCHTEIbHON 4acTOTE NMOMCKA MUINK IATIAMH U
MHOTOYHCIIEHHOCTH WICHUCTOHOTMX B 3THX BHJAX JIEPEBbEB. MaJOUHCICHHOCTh YWICHUCTOHOTHX B KOpe Gepesbl coBHanaa ¢
HM3KOHM 4acTOTOI IMPH3HAKOB JOOBIUM MMM HA MX CTBOJAX; OJHAKO STl HE n3deraian Oepesy OKOJIO THE3I, M OHA MOXET
OBITH BaXKHOH M3-32 HACEKOMBIX B MHOTOYMCIICHHBIX IUIOJIOBEIX Telax IpuOoB. bonee kpymHBIE CTBOJIBI MMeNnn OoJblIe
YWICHHCTOHOTHX Ha €AMHHUILy KOPBI, HO MX 3HAYUMOCTH JJIS ISTIOB He OblUIa sicHa. MBI COITacHBI C NMPEIbIIyIUMU
HPEIONI0KECHUSIMHU, YTO HOTPEOHOCTH AATIOB-CHELHAINCTOB MOTYT OBITh HCIOJIB30BAHbI ISl CO3/AHUS PyKOBOACTB II0
COXPAaHEHHUIO CyXocTos. B 3ToM HcciieoBaHMM BEPOSITHOCTh THE3JOBAHUS JSTIOB-CIEIMAINCTOB YBEIHUHIACh 0T 25% 10
75%., Koraa KOJUYECTBO CyXOCTos (=5 cM auameTpoM, =0.5 M B BBICOTY; COCHBI HE YYHUTHIBAIHUCH) BeIpocso ot 100 no 200
CTBOJIOB Ha rekrap. OmHaKo COXpaHEHHe CyXOCTOsI JOIDKHO OBITh 3aIJIAaHMPOBAHO Ha JIAHANIA()THOM YPOBHE, II0CKOIBKY TaKOe
KOJINYECTBO CTBOJIOB Ha TeKTap HEBO3MOXKHO IMOIJEPXKHUBATh Ha Bcel Tepputopuu. [ToMHMO ISTIOB CleqyeT yYUTHIBaTh
TaKKe rPHOBI-3IUGUTHI U CrielH(IYeCKUX HACCKOMBIX, KOTOPBIC HYKIAIOTCS B IPYTUX THIIAX CYyXOCTOS.

KimroueBble ci10Ba: 14Te, JTIECHOE XO3IUCTBO, MPEAMOYTCHUS MECTa OOMTaHHS, CYyXOCTON
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