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Fig. 1. Map of the 27.5
ha (500 × 550 m) bird
census plot in the
Šrámková National Na-
ture Reserve, the Malá
Fatra Mts., Slovakia.
The exact geographic
coordinates in WGS 84
of the bottom line of the
study plot are indicated
in section 2.1. Study
area. The digital layers
for the map construc-
tion were given by the
National Forest Centre
in Zvolen.
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Species Dominance Density (p/ 10 ha) CF PV
mean (%)

mean SD CV (%)

Chaffinch 21.92 13.03 2.41 18.47 1.22 0.192
European Robin 8.60 5.11 1.00 19.59 1.22 0.199
Blackcap 7.20 4.28 1.00 23.47 1.28 0.241
Coal Tit 7.08 4.21 1.10 26.01 1.31 0.256
Goldcrest 5.92 3.52 0.43 12.33 1.13 0.133
Common Chiffchaff 5.87 3.49 0.54 15.46 1.18 0.165
Dunnock 5.23 3.11 0.47 15.05 1.16 0.154
Collared Flycatcher 4.39 2.61 0.72 27.56 1.31 0.263
Eurasian Treecreeper 3.84 2.28 0.57 24.86 1.30 0.250
Winter Wren 3.06 1.82 0.44 24.27 1.39 0.225
Stock Dove 2.87 1.71 1.10 64.21 2.03 0.510
Woodpigeon 2.79 1.66 0.78 47.29 1.66 0.409
Eurasian Blackbird 2.74 1.63 0.38 23.36 1.27 0.233
Song Thrush 2.45 1.46 0.39 26.79 1.38 0.267
Wood Warbler 2.36 1.40 0.75 53.21 3.24 0.470
Eurasian Nuthatch 2.09 1.24 0.58 46.78 1.63 0.404
Red-breasted Flycatcher 1.18 0.70 0.43 61.65 1.89 0.469
Eurasian Bullfinch 1.13 0.67 0.44 65.73 1.79 0.427
Marsh Tit 1.11 0.66 0.26 39.28 1.53 0.350
Spotted Flycatcher 1.00 0.59 0.54 91.73 3.07 0.601
Hawfinch 0.84 0.50 0.33 66.13 2.08 0.490
Willow Warbler 0.79 0.47 0.28 60.65 2.07 0.482
Mistle Thrush 0.75 0.45 0.24 53.25 1.90 0.439
Firecrest 0.73 0.44 0.30 68.61 3.61 0.496
White-backed Woodpecker 0.64 0.38 0.14 37.98 1.53 0.354
Ring Ouzel 0.55 0.33 0.31 94.72 2.95 0.586
Three-toed Woodpecker 0.49 0.29 0.19 65.62 1.73 0.417
Grey Wagtail 0.42 0.25 0.12 49.41 1.56 0.348
Long-tailed Tit 0.41 0.24 0.31 128.39 3.55 0.657
Eurasian Siskin 0.24 0.15 0.29 202.42 6.12 0.494
Red Crossbill 0.24 0.15 0.19 129.10 6.40 0.519
Blue Tit 0.24 0.15 0.34 234.22 5.33 0.642
Eurasian Woodcock 0.18 0.11 0.18 161.02 5.01 0.644
Common Cuckoo 0.17 0.10 0.16 153.20 1.67 0.326
Great Tit 0.15 0.09 0.15 169.97 4.97 0.569
Tree Pipit 0.12 0.07 0.09 129.10 3.12 0.542
Hazel Grouse 0.09 0.05 0.12 224.98 3.66 0.617
Great Spotted Woodpecker 0.06 0.04 0.11 316.23 3.66 0.462
Tawny Owl 0.03 0.02 0.06 316.23 2.99 0.414
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Species Nesting Migratory Density Max. between Max. between Mean
guilds habits ratio year year coefficient

max / min decrease increase of growth (%)

Blackcap B M 2.09 1.14 1.63 2.64
Chaffinch C M 1.74 1.17 1.34 2.95
Coal Tit H R 2.33 2.19 1.66 0.24
Collared Flycatcher H T 2.33 1.75 1.75 –5.52
Common Chiffchaff G M 1.62 1.08 1.38 0.61
Dunnock B M 1.66 1.26 1.31 3.21
Eurasian Blackbird B M–R 2.21 1.29 1.72 –5.14
Eurasian Bullfinch B M–R 5.63 2.25 2.25 –6.51
Eurasian Nuthatch H R 4.07 3.05 2.22 2.76
Eurasian Treecreeper H R 2.31 1.56 1.37 –5.35
European Robin G M 1.75 1.75 1.66 1.28
Goldcrest C M–R 1.40 1.19 1.39 1.06
Hawfinch C M 10.91 4.00 8.36 –7.41
Marsh Tit H R 2.70 2.50 1.77 9.70
Red-breasted Flycatcher H T 8.60 3.50 2.87 –19.44
Song Thrush B M 3.06 1.72 3.06 9.28
Spotted Flycatcher H T 13.82 13.82 10.91 –4.41
Stock Dove H M 11.00 3.15 7.50 –8.86
Willow Warbler B–G T 9.09 4.40 6.55 18.84
Winter Wren G–B M 3.20 2.50 2.50 2.25
Wood Warbler G T 49.45 4.30 24.00 –1.78
Woodpigeon C M 3.65 3.25 1.67 –8.84
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Fig. 2. Species richness (a) and total density (b) of
the breeding bird assemblage of the primaeval
beech-fir forest in the 27.5 ha study plot in the
Šrámková National Nature Reserve from 1997–
2006.
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Species Regression t-test P Lower Upper Trend
slope ± SE value 95% 95% classi-

confidence confidence fication
limit limit

Species richness 0.00 ± 0.22 0.00 1.0000 –0.51 0.51 uncertain
Total assemblage density 0.10 ± 0.62 0.17 0.8697 –1.32 1.53 uncertain

Foraging guilds

Flycatchers –0.10 ± 0.10 –1.01 0.3434 –0.33 0.13 uncertain
Foliage gleaners 0.73 ± 0.40 1.80 0.1099* –0.18* 1.38* uncertain
Herb layer foragers –0.12 ± 0.07 –1.86 0.0919* –0.21* 0.01* uncertain
Litter foragers –0.05 ± 0.20 –0.24 0.8182 –0.50 0.41 uncertain
Plant eaters –0.23 ± 0.11 –2.15 0.0634 –0.47 0.02 uncertain
Trunk foragers –0.10 ± 0.12 –0.81 0.4417 –0.37 0.18 uncertain

Nesting guilds

Bush nesters –0.07 ± 0.21 –0.33 0.7475 –0.54 0.41 uncertain
Canopy nesters 0.38 ± 0.25 1.55 0.1602 –0.19 0.96 uncertain
Ground nesters –0.11 ± 0.17 –0.64 0.5426 –0.51 0.29 uncertain
Hole nesters –0.11 ± 0.23 –0.48 0.6431 –0.64 0.42 uncertain

Migratory habits

Short distance migrants 0.24 ± 0.48 0.51 0.6245 –0.86 1.34 uncertain
Tropical migrants –0.11 ± 0.16 –0.70 0.5056 –0.49 0.26 uncertain
Residents –0.02 ± 0.21 –0.11 0.9158 –0.50 0.46 uncertain
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Sørensen's similarity index

1997
1998
2000
2001
2002
2005
1999
2003
2006

a) 2004

0.76 0.8 0.84 0.88 0.92 0.96 1

Percent similarity index

1997
1998
1999
2000
2001
2002
2005
2006
2003
2004

76 80 84 88 92 96 100

b)

Fig. 3. Qualitative (a) and quantitative (b) structural similarity of the breeding bird assemblage of the
primaeval beech-fir forest in the 27.5 ha study plot located in the Šrámková National Nature Reserve tested
by Sørensen similarity index and percentage similarity (Czekanowski-Sørensen) index.
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CHECKER C score V ratio

Observed 62 0.73 1.00
SIM1 0.37 (<0.0001) 3.28 (1.000) 0.99 (0.435)
SIM2 65.55 (0.788) 0.69 (0.094) 1.00 (0.458)
SIM3 0.43 (<0.0001) 3.34 (1.000) 0.47 (<0.0001)
SIM4 65.31 (0.773) 0.68 (0.090) 1.02 (0.470)
SIM5 27.34 (0.001) 1.83 (1.000) 0.64 (<0.0001)
SIM6 0.36 (<0.0001) 3.27 (1.000) 1.09 (0.512)
SIM7 26.48 (0.001) 1.76 (1.000) 1.00 (0.429)
SIM8 26.22 (0.007) 1.76 (1.000) 1.07 (0.495)
SIM9 65.09 (0.804) 0.69 (0.003) N.A.
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CA
ST

(WCS) AA
ST

(WTog) MA (Chao)

Observed 0.10 0.49 0.95
IT (rc) 0.12 (0.01) 0.28 (0.01) 0.83 (0.01)
IA (aa) 0.12 (0.08) 0.29 (0.01) 0.83 (0.01)
IR (ss) 0.10 (0.98) 0.17 (0.01) 0.63 (0.01)
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Fig. 4. Time series graphs of guild density (p/10 ha) in the breeding bird assemblage of a primaeval
beech-fir forest in the Šrámková National Nature Reserve in the period 1997–2006 (a, b – foraging guilds,
c – nesting guilds, d – migratory habits).
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Species Regression t-test P Lower Upper Trend
slope ± SE value 95% 95% classifi-

confidence confidence cation
limit limit

Chaffinch 0.55 ± 0.20 2.70 0.0271 0.08 1.02 strong
increase

European Robin 0.02 ± 0.12 0.20 0.8481 –0.25 0.29 uncertain
Blackcap 0.06 ± 0.12 0.53 0.6119 –0.21 0.33 uncertain
Coal Tit 0.02 ± 0.13 0.16 0.8736 –0.27 0.32 uncertain
Goldcrest 0.00 ± 0.05 0.01 0.9889 –0.12 0.12 uncertain
Common Chiffchaff –0.03 ± 0.06 –0.41 0.6930 –0.17 0.12 uncertain
Dunnock 0.03 ± 0.05 0.58 0.5758 –0.09 0.15 uncertain
Collared Flycatcher 0.03 ± 0.08 0.35 0.7348 –0.16 0.22 uncertain
Eurasian Treecreeper –0.04 ± 0.06 –0.69 0.5074 –0.19 0.10 uncertain
Winter Wren –0.03 ± 0.05 –0.53 0.6527* –0.07* 0.06* uncertain
Stock Dove –0.05 ± 0.13 –0.38 0.7215* –0.22* 0.12* uncertain
Woodpigeon –0.20 ± 0.06 –3.42 0.0132* –0.26* –0.11* strong

decline
Eurasian Blackbird –0.01 ± 0.04 –0.31 0.7659 –0.12 0.09 uncertain
Song Thrush 0.01 ± 0.05 0.25 0.8063 –0.09 0.12 uncertain
Wood Warbler –0.03 ± 0.09 –0.34 0.7416* –0.15* 0.08 uncertain
Eurasian Nuthatch –0.03 ± 0.07 –0.38 0.7138 –0.18 0.13 uncertain
Red–breasted Flycatcher –0.06 ± 0.05 –1.22 0.2612* –0.13* –0.002* moderate

decline
Eurasian Bullfinch –0.10 ± 0.04 –2.48 0.0338* –0.19† –0.01† moderate

decline
Marsh Tit 0.08 ± 0.01 5.42 0.0012* 0.05* 0.09* moderate

increase
Spotted Flycatcher –0.07 ± 0.05 –1.34 0.2076* –0.15* 0.01* uncertain
Hawfinch –0.04 ± 0.03 –1.19 0.2598* –0.09* 0.01* uncertain
Willow Warbler 0.00 ± 0.03 0.13 0.9013 –0.07 0.08 uncertain
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Pearson correlation coefficient

Fringilla coelebs 2
Poecile palustris 0
Erithacus rubecula 2,4
Ficedula albicollis 7
Certhia familiaris 0
Ficedula parva 1
Sylvia atricapilla 3
Phylloscopus collybita 3
Regulus regulus 0,2
Prunella modularis 2
Turdus philomelos 2
Sitta europaea 0
Columba oenas 2
Turdus merula 0,2
Troglodytes troglodytes 2
Periparus ater 0
Pyrrhula pyrrhula 0,2
Columba palumbus 2
Coccothraustes coccothraustes 2
Muscicapa striata 8
Phylloscopus sibilatrix 7
Phylloscopus trochilus 6

-0.2 0 0.2 0.4 0.6 0.8 1

Fig. 5. Dendrogram of the 22 most numerous bird species at the Šrámková National Nature Reserve
based on of Pearson’s correlation coefficient of densities in the ten year period (1997–2006). The cluster
analysis used unweighted pair-group average algorithm (UPGMA). Major wintering areas (Cepák et al.
2008) of each species are given with the abbreviation of the species names: 0 – Central Europe (the area
Slovakia and Czechia and near surroundings), 1 – Southern and SE Asia, 2 – SW Europe and NW Africa
(Switzerland, northern Italy, southern and SW France, the Iberian peninsula, Morocco, Algeria), 3 – Medi-
terranean (the whole Mediterranean region), 4 – Southern Europe (central and southern Italy), 6 – West Af-
rica (sub-Saharan belt from Senegal to western Nigeria), 7 – Central and east Africa (eastern Nigeria,
Tchad, CAR, Sudan, Ethiopia, Kenya, eastern DRC, Uganda, Tanzania), 8 – Cameroon, western DRC,
Congo, Gabon, Equatorial Guinea, northern Angola.
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Species Guild types Migratory habits

foraging nesting

Accipiter gentilis Northern Goshawk R C R
Accipiter nisus Eurasian Sparrowhawk R C S
Aegithalos caudatus Long-tailed Tit FG C R
Aegolius funereus Tengmalm’s Owl/Boreal Owl R H R
Anthus trivialis Tree Pipit LF G T
Apus apus Common Swift S – T
Aquila chrysaetos Golden Eagle R C R
Bonasa bonasia Hazel Grouse PE G R
Buteo buteo Eurasian Buzzard R C S
Carduelis spinus Eurasian Siskin PE C S
Certhia familiaris Eurasian Treecreeper TF H R
Cinclus cinclus White-throated Dipper SF G R
Coccothraustes coccothraustes Hawfinch FG C S
Columba oenas Stock Dove PE H S
Columba palumbus Woodpigeon PE C S
Corvus corax Common Raven O C R
Corvus corone cornix Carrion Crow O C R
Cuculus canorus Common Cuckoo FG – T
Delichon urbica Northern House Martin S – T
Dendrocopos leucotos White-backed Woodpecker TF H R
Dendrocopos major Great Spotted Woodpecker TF H R
Dryocopus martius Black Woodpecker TF H R
Erithacus rubecula European Robin LF G S
Ficedula albicollis Collared Flycatcher F H T
Ficedula parva Red-breasted Flycatcher F H T
Fringilla coelebs Chaffinch FG C S
Garrulus glandarius Eurasian Jay O C S
Glaucidium passerinum Eurasian Pygmy Owl R H R
Loxia curvirostra Red Crossbill PE C S
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Motacilla cinerea Grey Wagtail SF G S
Muscicapa striata Spotted Flycatcher F C T
Nucifraga caryocatactes Eurasian Nutcracker PE C R
Parus ater Coal Tit FG H R
Parus caeruleus Blue Tit FG H S
Parus cristatus Crested Tit FG H R
Parus major Great Tit FG H S
Parus montanus Willow Tit FG H R
Parus palustris Marsh Tit FG H R
Pernis apivorus European Honey Buzzard LF C T
Phoenicurus phoenicurus Common Redstart FG H T
Phylloscopus collybita Common Chiffchaff FG G S
Phylloscopus sibilatrix Wood Warbler FG G T
Phylloscopus trochilus Willow Warbler FG B–G T
Picoides tridactylus Three-toed Woodpecker TF H R
Picus canus Grey-headed Woodpecker LF H R
Prunella modularis Dunnock LF B S
Pyrrhula pyrrhula Eurasian Bullfinch HF B S–R
Regulus ignicapilla Firecrest FG C S–R
Regulus regulus Goldcrest FG C S–R
Scolopax rusticola Eurasian Woodcock LF G S
Sitta europaea Eurasian Nuthatch TF H R
Strix aluco Towny Owl R H R
Strix uralensis Ural Owl R C R
Sylvia atricapilla Blackcap FG B S
Tetrao urogallus Western Capercaillie PE G R
Troglodytes troglodytes Winter Wren HF B–G S
Turdus merula Eurasian Blackbird LF B S–R
Turdus philomelos Song Thrush LF B S
Turdus torquatus Ring Ouzel LF B S
Turdus viscivorus Mistle Thrush LF C S


