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The Three-toed Woodpecker Picoides tridactylus is a mature and old-growth forest spe-
cialist but how the species uses trees for nesting in its breeding sites and whether cavity
trees are a critical habitat feature is poorly known. We studied the nest tree characteristics
of the species in a 170-km” area in southern Finland during 1987-2016. The data included
538 nest trees of eight different species and 665 nest cavities in 86 territory areas. Norway
spruce Picea abies was the predominant nest tree comprising 71% of all nest trees. Pro-
portionally, deciduous nest trees were more common in moist forests on mineral soils and
conifer nest trees more common in spruce swamps. The majority of nest trees (85%) were
dead or decaying trees; higher numbers of dead deciduous nest trees were recorded than
dead conifer trees. The mean diameter of a nest tree at diameter at breast height (DBH)
was 29.4 cm and the mean height of a cavity hole was 5.1 m; size and height were signifi-
cantly positively correlated. The proportion of deciduous nest trees was significantly
higher (45%) in natural forests compared with other areas subjected to variable amounts
of forest management, where the respective proportion was only 9—-17%. In addition, cav-
ity holes were significantly higher in natural forests than in managed ones. In general, the
results highlight the substantial flexibility in nest tree use but also the importance of large
dead and decaying trees (including deciduous trees) as nest cavity sites for the species.
Spruce swamps can be considered as key nesting habitats in managed forest landscapes.

nest tree properties, and they are restricted by the
availability of suitable nest trees in the breeding

The properties of nest trees are important for
woodpeckers, especially to enable the excavation
of strong and safe cavities. The characteristics of
the nest trees selected by woodpeckers are, how-
ever, a combination of the woodpecker needs and
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areas (e.g., Pynnonen 1939, Short 1982, Winkler
& Christie 2002, Cockle et al. 2011).

In this study, we investigated the nest tree char-
acteristics of the Three-toed Woodpecker (Picoi-
des tridactylus) in southern Finland in a landscape
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dominated by managed, mature conifer forests.
The Three-toed Woodpecker has a wide northern
range distribution that largely corresponds with
that of spruce (Picea spp.) and larch (Larix spp.)
trees, and it prefers mature and mixed conifer fo-
rests (Dementiev & Gladkov 1966, Ruge 1997).
Its diet throughout the year predominantly consists
of insects, mainly conifer bark beetles (Coleop-
tera, Scolytidae) or longhorn beetle larvae (Cole-
optera, Cerambycidae) (Dementiev & Gladkov
1966, Glutz von Blotzheim & Bauer 1980,
Pechacek & Kristin 2004), and, as such, the spe-
cies favours forests with a high proportion of re-
cently dead or dying trees, including fallen logs
(Hess 1983, Pechacek 1995, Biitler ef al. 2004,
Stachura-Skierczynska et al. 2009, Kajtoch et al.
2013).

The habitat preferences of the Three-toed
Woodpecker have been relatively widely studied
in its European distribution area (e.g., Pakkala et
al. 2002, Pechacek & d’Oleire-Oltmanns 2004,
Wesotowski et al. 2005, Stachura-Skierczynska et
al. 2009). However, published information in re-
gard to the nest tree characteristics of the species
has been sporadic, especially concerning boreal
forests; the main distribution area of the species
(but see Pakkala et al. 2018a, 2018b). Thus, in this
study, we attempt to fill this gap.

Firstly, we explored and documented the main
characteristics of the nest trees and their growth
sites using a large data set. Secondly, we broad-
ened the study focus to the forest landscape level
by investigating the amount and variation of nest
tree characteristics between various types of forest
areas supporting territories. In particular, we com-
pared the nest tree properties of the Three-toed
Woodpecker between natural and managed forest
areas, which provide different breeding situations
in dynamic forest environments. The results from
our boreal study area were then compared with the
current knowledge of nest tree characteristics from
other areas of the Three-toed Woodpecker’s range
in Europe.

2. Material and methods

2.1. Study area

The study area is located within the southern bo-
real vegetation zone in southern Finland (around
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61°15° N; 25°03” E; Fig.1). The study area (170
km’) is dominated by mature, mostly managed co-
niferous forests on mineral soils, with a mixture of
stands of different ages, some spruce swamps and
pine bogs, and many small oligotrophic lakes. Hu-
man settlements in the area are scarce. The study
area is also characterised by a small-scale topo-
graphic variation that has resulted in a mosaic of
dry and moist forest habitats. The clear-cut log-
ging of mature, fairly continuous forests increased
in the area during the study period and was quite
intensive, especially in privately-owned land
areas.

2.2. Three-toed Woodpecker nest tree surveys

As part of an intensive population study of the spe-
cies (described in detail in Pakkala et al. 2006,
2017), we searched for Three-toed Woodpecker
nests (and nest trees) within the study area annu-
ally between 1987-2016. The annual census typi-
cally lasted from early April to the middle of July
and included systematic mapping of territories
within the study area before the breeding season
with efforts to locate potential nesting sites by ob-
serving the behaviour of the woodpeckers, fol-
lowed by searching for nests during the breeding
season.

Within each territory site, nest searching con-
tinued with systematic mapping of all potential
sites if the behaviour of the woodpeckers indicated
nesting. However, most efforts were allocated to
cavity excavation and nestling periods when the
detectability of nests was better than during the
egg-laying and incubation phases (when visits to
nest sites were limited in order to avoid excess dis-
turbance). Annual territory locations and their ap-
proximate borders were defined by information
from observed locations and the movements of the
woodpeckers, and by the presence of the nest sites.
The centres of territory sites for the study period
were defined by locations of annual territories.

The locations of nest trees were mapped and
each nest tree was linked to an individual territory.
Old nest trees and cavities were checked in each
study year in order to obtain information about
their possible reuse. Old nest trees were annually
monitored from the first year of Three-toed Wood-
pecker nesting until the trees were unsuitable for
nesting (e.g., tree fallen, broken, logged, nest
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Fig. 1. Location of the study area in southern Finland (61°15’ N; 25°03’ E; left) and study area (encircled)
with the locations of natural (bolded circle), managed core (filled circle) and other managed (normal circle)
territory areas of the Three-toed Woodpecker in this study during the study period 1987-2016 (right). Areas
of territory sites (n = 86) were first divided into two classes based on territory occupancy measures; core (n
= 34) and other (n = 52) areas, and then core areas were divided into natural (n = 10) and managed (n =
24) core areas based on their forest management history. Lakes are represented by dark grey and agricul-
tural areas by light grey shading. Roads are marked by thin black lines. Note that the map does not show
the complete distribution or all territory areas of Three-toed Woodpecker, as only territories with observed

active nestings were included in this study.

cavity damaged). All surveys and measurements
of'the nest trees (see below) were carried out by the
first author.

2.3. Nest tree data

2.3.1. Definitions of nest trees

All the trees where nesting of the Three-toed
Woodpecker was observed during the study peri-
od were classified as nest trees. The final data set
only included trees, cavities or nests where the
Three-toed Woodpecker had reached at least the
egg-laying phase. Nesting attempts interrupted
during excavation, even if they included a seem-
ingly complete nest cavity, were not included in
these data.

In nine of the trees, an old cavity of the Great
Spotted Woodpecker Dendrocopos major was
used, and in four nest trees, nest-boxes instead of a
cavity were used. These cases were not included in
the set of “original” nest trees, cavities and nests of
the Three-toed Woodpecker. In addition, where
old cavities of the Great Spotted Woodpecker

were used in two nest trees, cavities of the Three-
toed Woodpecker were also present in the same
trees. These two trees were classified as original
nest trees of the Three-toed Woodpecker, although
the two old cavities used by Three-toed Wood-
pecker and the nestings in them were not included
in the respective numbers of original Three-toed
Woodpecker’s cavities or nestings.

2.3.2. Nest tree species and the forest type

The tree species of all the detected nest trees was
defined. Based on the classifications of Finnish fo-
rest and peatland types (Cajander 1949, Laine et
al. 2012) the main forest type of their growth site
was determined in the field. The proportions of fo-
rest types in the territory sites were calculated us-
ing land cover and forest classification data (Vuo-
rela 1997), digital topographic maps of the area
made by the National Land Survey of Finland, ae-
rial photographs and extensive field information
from the study area (see Pakkala et al. 2014). The
forest types were determined within a 500-m ra-
dius from the centre of each territory site.
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2.3.3. Condition of nest trees

We used three classes to assess the condition of the
nest tree. (1) Healthy: generally a vital tree with no
signs of decay; small wounds or damages by exter-
nal factors possible. (2) Decaying: tree alive, but
signs of decay clearly visible, e.g., dead branches,
defoliation or needle loss detected. (3) Dead: tree
not alive. At the tree level, the condition of the first
cavity made in the tree was used, and at the cavity
level the respective condition of the first year of
each cavity was applied to describe the condition
of the nest tree.

2.3.4. Size of nest trees and height of cavity holes
The size of a nest tree was measured by defining its
diameter at breast height (DBH, 1.3 m above the
ground). The girth of the tree was measured with a
flexible measuring tape, and the diameter of the
tree was then calculated by dividing the girth value
by n (a rounded value of 3.1416 was used). Tree
size in the year when the first cavity was made was
used in the analysis.

The heights of cavity holes below 4.0 m were
measured either with a rigid measuring tape, a tele-
scopic pole or a long stick of known length with an
accuracy of 0.1 m. Heights between 4.0 m and 6.0
mwere estimated by measuring the 4.0 m level and
estimating the remaining height, with an accuracy
of 0.2-0.5 m. Heights over 6.0 m were estimated
by the standard stick method (West 2009) with an
accuracy of 0.5 m; usually two to three repeated
measures of the same cavity from different direc-
tions were undertaken to decrease the error in mea-
surements. All measurements were carried out by
the first author.

2.3.5. Classification of forest areas

We divided the study area into various classes to
analyse the variation in properties of Three-toed
Woodpecker’s nest trees and cavities. The divi-
sion is based on two important ecological factors:
(i) occupancy of the Three-toed Woodpecker terri-
tories that indicates the structural complexity and
quality of the forest landscape (Pakkala et al.
2002); and (ii) the intensity of forest management
and naturalness of the forest area. We used a two-
step classification. In the first step, all territory
sites where Three-toed Woodpecker nesting was
observed during the whole study period (30 years,
n = 86 different territory sites) were classified as
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being either in core or other areas. The division
was based on the occupancy rate of each territory.
This rate was calculated as the proportion of years
with territorial behaviour or nesting during all cen-
sus years (see Pakkala et al. 2017).

Two classes based on occupancy rates were
separated: (1) territories in core areas; 34 territo-
ries with occupancies > 90% (mean 0.98) and (2)
territories in other areas; 52 territories with occu-
pancies < 60% (mean 0.33). In the second step, the
territory sites located in the core areas were di-
vided into two classes, based on their forest man-
agement history: (i) natural and (i) managed core
areas. Natural areas included forests in their natu-
ral stage, either without or with only minimal man-
agement during the last 150 years (Tuominen
1990; S. Tuominen, pers. comm.). Natural core
areas included 10 territory sites in total. All other
core areas (n = 24) were classified as managed
core areas, with a variable intensity of forestry ac-
tivities during the last decades. We use the respec-
tive terms “natural core”, “managed core”, and
“managed other” areas for the three classes of fo-
rest areas (Fig. 1).

2.4. Statistical methods

Forest type and condition of the nest tree between
groups were compared by goodness-of-fit tests.
The distributions of DBH and the height of the
cavity holes were leptokurtic with positive skew-
ness (the ratios of the standard error (SE) of the
kurtosis and the kurtosis, and the respective ratios
of the skewness were > 2) in most of the tree spe-
cies. Therefore, median-based Kruskal-Wallis
tests were used in comparisons of DBH and height
of the cavity holes between groups. In multiple
comparisons between pairs or subgroups after a
significant result, either a Bonferroni-corrected
level p < 0.05 in comparisons of proportions
(goodness-of-fit tests) or a Dunn’s test with
Bonferroni correction (Kruskal-Wallis tests) was
used. All statistical analyses were performed with
IBM SPSS Statistics 23.

3. Results

3.1. Nest tree species and their forest types

A total of 538 nest trees of eight different species,
three coniferous and five deciduous trees, were
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Table 1. The nest tree species of the Three-toed Woodpecker and the percentages and numbers (in paren-
theses) of trees, cavities, and nesting attempts (nestings) in all nest trees (all) and original Three-toed
Woodpecker’s nest trees (ttw). The respective combined numbers are presented separately for coniferous

and deciduous tree species.

Tree species Trees, Trees, Cavities Cavities, Nestings, Nestings,
all ttw all ttw all ttw
Norway spruce (Picea abies) 70.1 (377) 71.8(377) 71.7 (477) 73.4(477) 73.3(635) 74.7 (635)
Scots pine (Pinus sylvestris) 8.4 (45) 7.6 (40) 8.9 (59) 8.0 (52) 8.8 (76) 8.1 (69)
Siberian larch (Larix sibirica) 0.2 (1) 0.2 (1) 0.2 (1) 0.2 (1) 0.1 (1) 0.1 (1)
Aspen (Populus tremula) 15.8 (85) 16.0 (84) 14.6 (97) 14.8 (96) 14.0 (121)  14.1 (120)
Silver birch (Betula pendula) 3.0 (16) 2.7 (14) 2.4 (16) 2.2 (14) 1.8 (16) 1.6 (14)
Grey alder (Alnus incana) 1.5(8) 1.5(8) 1.2 (8) 1.2 (8) 0.9 (8) 0.9 (8)
Black alder (Alnus glutinosa) 0.2 (1) 0.2 (1) 0.3 (2) 0.3(2) 0.3 (3) 0.4 (3)
Rowan (Sorbus aucuparia) 0.2 (1) - 0.2 (1) - 0.1 (1) -
Nest box (Nidus ligneus) 0.7 (4) - 0.6 (4) - 0.6 (5) -
In coniferous trees 78.6 (423) 79.6 (418) 80.8(537) 81.5(530) 82.2(712) 82.9(705)
In deciduous trees 20.6 (111)  20.4 (107) 18.6(124) 18.5(120) 17.2(149) 17.1(145)
Total 100.0 (538) 100.0 (525) 100.0 (665) 100.0 (650) 100.0(866) 100.0 (850)

found in the study (Table 1), of which 525 of seven
species were original nest trees of the Three-toed
Woodpecker. Norway spruce Picea abies was pre-
dominant (70.1-74.7%) in the tree, cavity, and
nesting attempt numbers. Aspen Populus tremula
(14.0-16.0%) and Scots pine Pinus sylvestris
(7.6-8.4%) were relatively abundant as nest trees,
but the proportions were less than 3.0% for all
other tree species (Table 1). The respective pro-
portions of all conifer tree species were between
78.6-82.9%, and those of deciduous trees between
17.1-20.6%; five nesting attempts were observed
in four nest-boxes.

Four main types of forests were associated
with the sites of nest trees. Forests on mineral soil
included (i) moist spruce-dominated forests
(Myrtillus and Oxalis-Myrtillus types) and (ii) dry
pine-dominated forests (Vaccinium and Calluna
types). Forest peatlands included (iii) spruce
swamps and (iv) pine bogs in which the smaller
group type of pine dominated swamps was in-
cluded.

The highest proportion (58.7%) of the original
nest trees was found in moist forests on mineral
soil (Table 2), which was also the most common
(66.0%) forest type among the territory sites.
Spruce swamps were favoured in relation to their
area (14.2%); 46.4% of Norway spruce and 35.6%
of all nest trees were located in spruce swamps.
When the proportions of the four forest types were

compared with their expected proportions, the dif-
ference was highly significant (goodness-of-fit
test: x° =228.8, p <0.001, df = 3).

Individual tree species had specific forest type
profiles, and the sites of coniferous and deciduous
nest trees also significantly differed from each
other (goodness-of-fit test: %* = 57.05, p < 0.001,
df'=3). The difference was mainly due to propor-
tionally higher amounts of deciduous nest trees in
moist forest areas and smaller amounts in spruce
swamps, and the opposite trend for coniferous tree
species (Bonferroni-corrected p < 0.05 for both
pairwise differences, Table 2).

Within the main forest types, 16 nest trees were
situated in swamp and bog areas flooded by the
Canadian beaver Castor canadensis, six nest trees
were located in new prescribed burning areas of
moist forests, and three nest trees were observed as
single trees in clear-cut areas of moist forest, al-
though less than 60 meters from the edge of the
nearest mature forest.

3.2. Condition of the nest trees

The Three-toed Woodpeckers mostly selected
dead (54.1%) or decaying (32.3%) trees for their
nests (Table 3). The proportion of dead trees var-
ied from 48.5% in Norway spruce to 100% in sil-
ver birch Betula pendula. Healthy trees ranged be-
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Table 2. The percentage and number (in parentheses) of Three-toed Woodpecker nest trees in different fo-
rest types. Moist forests represented MT (Myrtillus type) and OMT (Oxalis-Myrtillus type), and dry forests
VT (Vaccinium type) and CT (Calluna type) types of forests on mineral soil; spruce swamps and pine bogs
represent forest mire types. The proportions of forest types (last row) represent their area in the territory
sites. Only original Three-toed Woodpecker’s nest trees are included.

Nest tree species Forest type

Moist forest Dry forest Spruce swamp Pine bog
Norway spruce (Picea abies) 51.7 (195) 0.5(2) 46.4 (175) 1.3 (5)
Scots pine (Pinus sylvestris) 37.5(15) 12.5(5) 10.0 (4) 40.0 (16)
Siberian larch (Larix sibirica) 100 (1) - - -
Aspen (Populus tremula) 97.6 (82) - 2.4 (2) -
Silver birch (Betula pendula) 57.1 (8) - 28.6 (4) 14.3 (2)
Grey alder (Alnus incana) 87.5(7) - 125 (1) -
Black alder (Alnus glutinosa) - - 100 (1) -
All coniferous trees (n = 418) 50.5 (211) 1.7 (7) 42.8 (179) 5.0 (21)
All deciduous trees (n = 107) 90.7 (97) - 7.5(8) 1.9 (2)
Total (n = 525) 58.7 (308) 1.3(7) 35.6 (187) 4.4 (23)
Total percentage of forest type in territory sites  66.0 11.8 14.2 8.0
tween 0-27.5% across the different species, and B Coniferous (N = 418)
were only represented by the three most common 609 [_]Deciduous (N = 107)
nest tree species; Norway spruce (14.6%), aspen ;\j
(7.1%) and Scots pine (27.5%) (Table 3). The co- 2
niferous and deciduous nest trees differed signifi- £
cantly in their condition (goodness-of-fit test: y° = 5
14.1,p=0.001, df=2, Fig. 2). In pairwise compar- ~ §
isons with the Bonferroni-corrected p = 0.05, the 5§
proportion of healthy trees was higher in conifers 3
than deciduous trees. The opposite was the case &
with dead trees, whereas proportions in decaying

trees did not differ from the expected.

The condition distributions of the four most
common nest trees; Norway spruce, aspen, Scots
pine and silver birch, differed significantly from
each other (= 34.6, p <0.001, df= 6). Based on
the Bonferroni-corrected level p = 0.05, the most
important differences were the high proportions of
healthy Scots pine and dead silver birch trees, and
the more stable condition distribution of Norway
spruce compared with the expected proportions
(Table 3). The condition of the nest tree did not de-
pend on the forest type (3 =9.84, p=0.13, df=6).

3.3. Size of the nest trees

The mean size of the nest tree (at DBH) was 29.4
cm (median value 28.5 cm, range 18.5-54.0 cm).
The mean DBH of individual nest tree species var-

Healthy Decaying Dead

Tree condition

Fig. 2. Condition of the Three-toed Woodpecker’s
nest trees. Proportions in the three condition
classes are presented for both coniferous and de-
ciduous trees.

ied from 23.9 cm in grey alder Alnus incana to
30.5 cm in Siberian larch Larix sibirica.

The DBH of coniferous nest trees (median
28.75 cm) was significantly larger than that of de-
ciduous trees (median 26.0 cm, Mann-Whitney U-
test: U=14158.5,p<0.001,n,=418,n,=107).In
a comparison of DBH of the five most abundant
nest trees (Fig. 3), there was a significant differ-
ence in the nest tree size (Kruskal-Wallis test: H=
44.05, p < 0.001, df = 4). Two significant differ-
ences were detected in pairwise comparisons
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Table 3. Percentage and number of nest tree species (in parentheses) of the Three-toed Woodpecker ac-
cording to tree condition. The condition describes the situation when the first cavity is made in the tree.
Only original Three-toed Woodpecker’s nest trees are included.

Nest tree species

Tree condition

Alive, healthy Alive, decaying Dead
Norway spruce (Picea abies) 14.6 (55) 36.9 (139) 48.5 (183)
Scots pine (Pinus sylvestris) 27.5(11) 7.5 (3) 65.0 (26)
Siberian larch (Larix sibirica) - - 100 (1)
Aspen (Populus tremula) 7.1(6) 29.8 (25) 63.1 (53)
Silver birch (Betula pendula) - - 100 (14)
Grey alder (Alnus incana) - 25.0 (2) 75.0 (6)
Black alder (Alnus glutinosa) - - 100 (1)
Total (n = 525) 13.7 (n=72) 32.3 (n=169) 54.1 (n = 284)

Table 4. The numbers (N), mean, standard deviation (SD), median, minimum and maximum heights (m
above the ground) of the Three-toed Woodpecker cavity holes in various nest tree species. The respective
numbers are also presented for all coniferous and deciduous trees. Only original Three-toed Woodpecker’s

nest cavities are included.

Tree species N Mean SD Median Minimum  Maximum
Norway spruce (Picea abies) 477 5.2 3.71 4.5 0.6 21.0
Scots pine (Pinus sylvestris) 52 5.9 3.85 4.8 1.0 14.0
Siberian larch (Larix sibirica) 1 2.7 - 2.7 2.7 2.7
Aspen (Populus tremula) 96 4.2 2.18 4.0 0.9 11.0
Silver birch (Betula pendula) 14 45 5.59 3.1 2.4 14.0
Grey alder (Alnus incana) 8 2.3 0.59 2.3 1.2 3.2
Black alder (Alnus glutinosa) 2 5.0 1.41 5.0 4.0 6.0
Coniferous trees 530 53 3.72 4.5 0.6 21.0
Deciduous trees 120 4.1 2.31 3.5 0.9 14.0
Total 650 5.1 3.53 4.0 0.6 21.0

(Dunn’s test with Bonferroni correction): Norway
spruce vs. grey alder: = 3.49, p = 0.005; Norway
spruce vs. aspen: ¢ = 5.81, p < 0.001; Norway
spruce was larger in both cases. No other pairwise
differences were significant.

The DBH did not differ between the various
forest types (Kruskal-Wallis test: H = 3.23, p =
0.36, df=3), but there was a significant difference
in DBH in tree condition types (H = 52.3, p <
0.001, df=2). Dead nest trees (median DBH 27.0
cm) were significantly smaller than decaying (30.0
cm) or healthy trees (30.0 cm; Dunn’s test with
Bonferroni correction: healthy vs. dead: 1=5.67, p
< 0.001; decaying vs. dead: ¢ = 5.87, p < 0.001;
healthy vs. decaying: = 1.26, p = 0.21).

3.4. Heights of cavity holes

The mean and median heights of all cavity holes (n
=650) above the ground were 5.1 m and 4.0 m, re-
spectively (range 0.6-21 m) (Table 4). There was a
rather large variation in the mean heights between
tree species; 2.3 m in grey alder to 5.9 m in Scots
pine (Table 4). Cavity holes appeared to be higher
in coniferous (median 4.5 m) than in deciduous
trees (3.5 m), but the difference was not significant
(Mann-Whitney U-test: U = 28513, p = 0.08).
There were no significant differences in the me-
dian heights of the cavity holes in the five most
common nest tree species (Kruskal-Wallis test: H
=8.89, p =0.064, df =4, Table 4).
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0.14).

There was a significant positive correlation be-
tween DBH and the height of cavity holes in all
nest trees (Spearman’s correlation: r, = 0.59, p <
0.001, df = 648); this pattern was similar in the
three most common tree species (Norway spruce:
r.=0.58,p<0.001, df=475; aspen: r = 0.41, p <
0.001, df=94; Scots pine: = 0.86,p <0.001, df=
50). ‘

We did not measure or estimate the nest tree
sizes at the height of the cavity holes. However, as
DBH is measured at a height of 1.3 m above the
ground, the selection of nest trees with cavities at
heights of 0.8—1.8 m (n=98) provides a rough esti-
mate for the nest tree size at the height of the cav-
ity. The respective mean diameter was 26.2 cm,
median 25.5 cm, and the range was from 19.0 to
52.0 cm. There was no significant difference in the
size between the tree species (Kruskal-Wallis test:

Dead
Nest tree condition

Healthy Decaying

Fig. 4. Height of cavity hole (m) in the nest trees
with variable condition. Median values with 25 and
75% percentiles presented in boxes and the range
(min, max) in whiskers.

H=15.14, p = 0.16, df = 3); of which 87% were
Norway spruce.

3.5. Nest tree characteristics in forest areas

There was quite a large variation in the properties
of nest trees between the various forest area
classes. The proportions of coniferous and decidu-
ous nest tree species differed significantly be-
tween the classes (goodness-of-fit test: %° = 58.2,
p < 0.001, df = 2). The proportion of deciduous
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Table 5. Properties of Three-toed Woodpecker’s nest trees and cavity holes in various forest areas.
Natural Managed Other All
areas core ares managed areas
Number of territories 10 24 52 86
Number of nest trees 110 237 178 525
Number of cavities 144 317 189 650
Percentage of deciduous nest trees 45.5 17.3 9.0 20.4
Percentage of nest trees in spruce swamps 33.6 30.4 43.8 35.6
Percentage of dead nest trees 51.8 54.9 54.5 54.1
Median DBH of nest tree, cm 28.0 28.5 28.5 285
Median height of cavity hole, m 5.5 4.0 3.5 4.0

nest trees was 45.5% in natural, 17.3% in the man-
aged core areas, and only 9.0% in other managed
areas (Table 5). Based on the Bonferroni-cor-
rected level p = 0.05, there were significant devia-
tions from the overall proportions of coniferous
(79.6%) and deciduous (20.4%) nest trees in the
natural and other managed class areas, but not in
the managed core areas. Moreover, the propor-
tions of the five most common nest tree species
differed significantly between the area classes (3
=74.5,p <0.001, df=8). This pattern was caused
by significant (Bonferroni-corrected level p =
0.05) differences in the proportions of aspen and
Norway spruce in the areas (natural: aspen 40.9%,
Norway spruce 50.9%; managed core: aspen
13.6%, Norway spruce 73.3%; other areas: aspen:
4.0%, Norway spruce 83.6%). No significant dif-
ferences were connected to the other three species;
Scots pine, silver birch, and grey alder.

The proportions of the forest types differed
significantly within each area class (goodness-of-
fit test; natural: x° = 36.1, managed core: y* = 62.3,
other areas: y° = 138.8, p < 0.001, df = 3 in all
cases). In all three areas, the proportion of spruce
swamp forest growth sites was larger and the pro-
portions of other types were smaller than expected.
The proportion of spruce swamps was quite con-
stant (14.0-14.9%) in territory sites of different
area classes, but the proportion of spruce swamp
forest growth sites was significantly (Bonferroni-
corrected level p = 0.05) larger in other managed
areas (43.8%) compared with natural (33.6%) and
managed core areas (30.4%) that did not differ
from each other (x°=8.25,p=0.016, df=3, Table
5). The condition of the nest trees did not differ be-
tween the areas (y° = 3.54, p = 0.47, df = 4), as
shown in the rather constant proportions of dead

nest trees in the areas; 51.8-54.9% (Table 5).

The DBH of nest trees did not differ between
the area classes (Kruskal-Wallis test: H=2.73,p =
0.25, df =2, Table 5), but there was a significant
difference in the height of cavity holes (Kruskal-
Wallis test: H=18.5, p<0.001, df=2). The cavity
holes were higher in the natural class (median 5.5
m) than in the managed core (4.0 m) or other man-
aged areas (3.5 m; pairwise comparisons, Dunn’s
test with Bonferroni correction: natural vs. man-
aged: 1=3.65, p=0.001; natural vs. other: t=4.06,
p < 0.001; managed vs. other: # = 0.89, p = 1.0,
Table 5).

4. Discussion

The Three-toed Woodpecker is a species of the
taiga forest, which, in addition to the dominance of
coniferous trees, is characterised by a spatial mo-
saic of dry, moist and wet habitats that also include
various forest peatlands (Syrjanen et al. 1994,
Shorohova et al. 2009). In our study area, this pat-
tern of coniferous-dominated forest on mineral
land and spruce swamps was detected at the sites
with nest trees. The nest trees, especially Norway
spruce, were located in spruce swamps signifi-
cantly more often than expected on the basis of
their total area thereby indicating their importance
as nest sites for the Three-toed Woodpecker. The
proportion of nest trees in spruce swamps was
highest in the territories of other managed areas
with low occupancy rates. Mature spruce swamps
that typically include large trees and dead trees can
be considered as key nesting habitats in areas with
intensive forest management. Although boreal
spruce swamps have been intensively drained to
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increase their timber production (e.g., Hokka et al.
2002, Kaakinen et al. 2012,), some areas are left
unmanaged as harvesting may be uneconomical or
difficult (Pdivinen & Hanell 2012, Vanhatalo et
al. 2015). If intensive forestry operations threaten
spruce swamps, the Three-toed Woodpecker may
find it difficult to establish even short-term territo-
ries in managed forest landscapes.

We observed a significant difference in the
proportion of deciduous nest trees in natural and
managed areas; deciduous tree use was several
times more common in natural areas compared
with managed areas. The result indicates the dif-
ferences in forest structure between areas with
long natural succession and forest management
areas, but it also highlights the nest tree selection
patterns of the Three-toed Woodpecker: if suitable
deciduous trees are available, they are used almost
as often as coniferous trees even in forest areas
dominated by conifers.

We consider that one of the key factors in nest
tree selection of the Three-toed Woodpecker, as
also observed in several other woodpecker spe-
cies, is a suitable tree structure with a soft interior
and hard outer layer (e.g., Short 1979, Stenberg
1996, Blanc & Martin 2012). This structure per-
mits efficient cavity excavation and provides pro-
tection for the cavity. Various saproxylic fungi
have a major role in modifying the tree substrate
for woodpeckers (e.g., Jackson & Jackson 2004,
Zahner et al. 2012).

4.1. The nest tree species

We detected quite a large number of nest tree spe-
cies (total eight), and the species was also ob-
served to use nest-boxes for breeding. In contrast,
1-4 nest tree species were typically found in other
Three-toed woodpecker studies (von Haartman et
al. 1963—72, Haftorn 1971, Ruge 1974, Weso-
towski & Tomiatoj¢ 1986, Hégvar et al. 1990,
Stenberg 1996, Saari ef al. 1998, Pechacek 2001,
Wesotowski 2011). The large data set in this study
(538 nest trees) was an order of magnitude larger
than the above-mentioned studies (1348 nest
trees each); the large sample size alone has an ef-
fect on the high numbers of nest tree species noted
in our study. In fact, we detected only four abun-
dant nest tree species: Norway spruce, aspen,
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Scots pine, and silver birch, whilst the other tree
species were only occasionally used.

As discussed above, the species composition
of nest trees varies geographically and is depend-
ent on local conditions. In our study area in south-
ern Finland, Norway spruce was the dominant nest
tree (70.1%), although in northern Finland, Scots
pine constituted 60.4% of observed nest trees (n =
48), and the proportion of Norway spruce was only
31.2% (Saari et al. 1998). Similar variation in pref-
erences for nest trees was detected in Norwegian
studies: in Haftorn’s (1971) data (n = 37) the most
common nest trees were Scots pine and aspen,
both with 29.7% of nest trees. Hagvar et al. (1990)
reported that Norway spruce was the most com-
mon nest tree in southern Norway (69.2%, n=13),
whereas Stenberg (1996) found that all Three-toed
Woodpeckers nested in aspen in western Norway
(n=15).

Differences in locations and altitudes, and
small sample sizes may have effects on the results;
Haftorns’s (1971) data were based in more north-
ern and higher regions than the other two Norwe-
gian studies (Hagvar et al. 1990, Stenberg 1996).
In the Biatowieza forest area in Poland, the most
common nest trees were Norway spruce (62%),
and Scots pine (27%) (n =38, Wesotowski 2011).
Ruge (1974) gathered nest tree information from
Switzerland: in mostly mountainous areas all nests
were in coniferous trees, of which Norway spruce
was the most common (71.4%) (n = 35). In south-
ern Germany, Pechacek (2001) reported Norway
spruce as the dominant nest tree species with
92.3% in 13 territories.

4.2. The selection of nest trees

The Three-toed Woodpecker, like many other
woodpecker species, is known to excavate several
unfinished cavities each spring before the actual
nesting cavity is made ready (Blume 1968, Ruge
1974, Cramp 1985, Pechacek & d’Oleire-Olt-
manns 2004, Zahner et al. 2012, Pakkala et al.
2017). Furthermore, old unfinished cavities can be
completed for nesting even several years after they
were started (Blume 1968, Ivanchev 1997, Rol-
stad et al. 2000, Meyer & Meyer 2001, Matsuoka
2010). The suitability of a nest tree, especially its
hardness, is also commonly tested by excavating
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several small “trial” holes in different parts of the
tree (Blume 1968, Matsuoka 2008, 2010, Lorenz
et al. 2015). By this “monitoring” of the potential
nest trees within their territories, the Three-toed
Woodpecker, as with other woodpecker species,
can select suitable tree individuals and locations
for their nest site.

The preference of the Three-toed and other
woodpecker species for dead or decaying trees for
nesting is usually explained by the optimal hard-
ness of the tree: the cavity excavation is not too dif-
ficult because of the soft interior, but the outer
layer of the tree is rigid and provides sufficient
protection (e.g., Short 1979, Jackson & Jackson
2004, Losin et al. 2006, Blanc & Martin 2012).
Saproxylic fungi and micro-organisms can modify
the structure of trees suitable for woodpecker cavi-
ties (Kilham 1971, Conner et al. 1976, Hart & Hart
2001, Jackson & Jackson 2004, Zahner et al.
2012), and the various butt and heart rots that are
common in Norway spruce (e.g., Hallaksela 1984,
Mattila & Nuutinen 2007) are especially advanta-
geous for the Three-toed Woodpecker.

Heart rot caused by several species of fungi,
advances upwards from the basal area in the core
of the tree, and can commonly reach heights of 6—
10 m or more (e.g., Arhipovaetal. 2011). The bark
and outermost core layers usually remain intact
thereby providing hard walls for the cavity. Heart
rot is not always visible and it is probable that a
proportion of the nest trees classified as healthy in
our study were infected. Similar types of fungal
modification are common in deciduous nest tree
species of the Three-toed Woodpecker (Manion
1991, Kérki 1999, Mattila & Nuutinen 2007).

We detected that 86.3% of nests were in dead
or decaying trees, and the proportion was higher in
deciduous trees (94.4%) than in conifers (84.2%).
Our results are consistent with earlier nest tree in-
formation (Glutz von Blotzheim & Bauer 1980,
Cramp 1985). The patterns observed in other stud-
ies were similar to our study or, in some cases,
more pronounced: in northern Finland 93.2% of
nests in conifer trees (n =44, Saari et al. 1998), and
all nests both in southern (n = 13, Hégvar et al.
1990) and in western Norway (n = 15, Stenberg
1996) were in dead or decaying trees; in Poland the
proportion was 97.3% (n =38, Wesotowski 2011);
while in southern Germany, Pechacek (2001) de-
tected that only 46.2% of nest cavities in 13 territo-

ries were in dead trees, although he also recorded
the frequency of heart rot in living nest trees.

We observed a mean DBH of 29.4 cm for nest
trees; coniferous trees were larger than deciduous,
and healthy or decaying trees were larger than
dead ones. In Norway, Hagvar et al. (1990) found
amean DBH of 31.3 cm (at 0.5 m height, n = 11)
for nest trees that were mostly dead or decaying
Norway spruce (87%), and Stenberg (1996) re-
ported a DBH of 28.7 cm in nest trees that were ei-
ther dead or decaying aspens (n = 15, see above).
These measures are very near to the mean DBH
values reported for Norway spruce in our study
(31.0 cm), although the aspen trees in our study
were smaller (27.0 cm) than in Norway. In south-
ern Germany, the nest trees were larger than in our
study area; mean DBH was 36.8 cm in 13 territo-
ries (Pechacek 2001).

4.3. Implications of the cavity height

The Three-toed Woodpecker’s nesting cavities are
commonly found to be lower than those of its rela-
tives (Cramp 1985, Wesotowski & Tomialojé
1986, Hagvar et al. 1990, Stenberg 1996). The
mean height of the cavity hole was 5.1 m in our
study, and there was a strong clustering in the
heights of 2—7 m, although the range was large
(0.6-21 m). The cavities were also lower in dead
and decaying trees than in healthy ones. Although
cavity height was positively correlated with the
size of the nest tree, we think that the condition of
the tree, i.e., suitable structure, is the main reason
for the low cavity heights of the Three-toed Wood-
pecker in northern Europe. The observed height
distribution patterns match well with the respec-
tive patterns of heart rot in Norway spruce. One
reason for the presence of cavities at lower heights
may be explained by the use of snags with broken
tops. The cavities were somewhat lower in decidu-
ous trees compared with conifers, which may indi-
cate reduced availability of suitably high decidu-
ous trees, especially aspen in the managed parts of
our study area.

In northern Finland, the mean cavity height
was 5.6 m (range 1-11 m) (n = 48, Saari et al.
1998). In Norwegian studies the mean cavity
height was 4.0 m (range 1-9 m) (n =32, Haftorn
1971),2.0 m (n =11, Hagvar et al. 1990), and 4.2
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m (n=15, Stenberg 1996), while in the Bialowieza
forest in Poland, the mean cavity height was much
higher; 10.5 m (n = 17), but was still the lowest of
the five studied woodpecker species (Wesotowski
& Tomialoj¢ 1986). In Switzerland, the mean cav-
ity height was 5.5 m (range 1-15 m) (n =33, Ruge
1974), and in southern Germany 3.7 m (range 1.3—
10.5 m) (Pechacek 2001).

Our estimates of the size (diameter) of the nest
tree at cavity height were 26.2 cm (mean) and 25.5
cm (median; n = 98). These were somewhat
smaller than in Hagvar et al. (1990; mean 28.1 cm,
n = 10) but larger than Stenberg (1996) (mean
22.9, median 22 cm, n = 15), which were the only
other studies (to the best of our knowledge) where
this characteristic was measured. The difference in
size compared with the latter study may be caused
by the nest tree species; our estimates and the val-
ues reported by Hagvar et al. (1990) were based
mostly on the size of Norway spruce, whereas the
nest trees in Stenberg (1996) were all aspens that
were even smaller than the aspens in our study (see
above).

4.4 Nest trees in dynamic forest environments

Over its large range, the Three-toed Woodpecker
is adjusted to disturbance dynamics that create
suitable spatially and temporally variable breeding
areas modified by wind, fire, snow damage and
flooding (e.g., Shorohova et al. 2009, Kuulu-
vainen & Aakala 2011). During most of the year,
the Three-toed Woodpeckers feed predominantly
on conifer bark beetles that are found in dead and
dying spruce trees (Hogstad 1970, Fayt 1999,
Pechacek & Kristin 2004).

Thus, if enough suitable spruce trees exist for
feeding and for territory establishment, a nest tree
can also probably be found in and around feeding
areas. However, our results suggest that leaving
deciduous, and dead and dying trees in forests is
important for the Three-toed Woodpecker. As the
quality of trees for breeding varies considerably
within a forest stand, good nest trees are critical for
the Three-toed Woodpecker as indicated by the
high proportion of nesting attempts in the same
trees over long periods in long-term territories in
our study area (Pakkala et al. 2017).
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Pohjantikan pesimiympéristo
ja pesipuiden valinta

Pohjantikka on vanhojen havupuuvaltaisten met-
sien laji, jonka pesédpaikan ja pesédpuun valintaa on
tutkittu vdhéin erityisesti pohjoisella havumetsi-
vyOhykkeelld. Pohjantikan on havaittu vaativan
ravintonsa turvaamiseksi reviirilldén suhteellisen
paljon kuollutta tai huonokuntoista puuta, mutta
sopivien kolopuiden merkitystd elinympéristdssa
el juuri tunneta.

Tutkimme vuosina 1987-2016 pohjantikan
pesipuiden ominaisuuksia 170 km’n suuruisella
alueella Evolla Eteld-Suomessa. Aineisto késittad
538 pesdpuuta (kahdeksan eri puulajia) ja 665 pe-
sdkoloa 86 reviirilld. Téarkein pesdpuulaji oli kuusi
(71 % kaikista pesédpuista). Lehtipuut olivat tuo-
reilla kankailla pesdpuina yleisempid kuin korvis-
sa, missd taas havupuut olivat yleisempid kuin
kankailla. Suurin osa pesistéd (85 %) oli kuolleissa
tai lahovikaisissa puissa; kuolleiden osuus oli suu-
rempi lehti- kuin havupuilla.

Pesépuiden keskimairdinen ldpimitta 1.3 met-
rin korkeudella oli 29.4 cm ja pesikolojen keski-
korkeus 5.1 m. Puun lépimitta ja pesin korkeus
korreloivat positiivisesti. Lehtipuiden osuus pesé-
puista oli luonnontilaisissa metsissd suurempi
(45 %) kuin eriasteisesti hoidetuissa talousmetsis-
sd (9—17 %). Pesidkolot olivat myos merkittdvasti
korkeammalla luonnonmetsisséd kuin talousmet-
sissd. Kaiken kaikkiaan tulokset osoittavat mel-
koista joustavuutta pesdpuun valinnassa, mutta
myds suurten kuolleiden ja lahovikaisten puiden,
niin havu- kuin lehtipuidenkin, merkitysta pohjan-
tikan pesédpaikkoina. Etenkin talousmetsdmaise-
missa kuusivaltaiset korvet ovat térkeitd pesi-
misympéristdja.
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