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Abstract

Protecting habitats for charismatic vertebrates can provide an ‘umbrella’ for less con-
spicuous organisms, especially when these are threatened by the same processes. How-
ever, such a conservation scheme is vulnerable to the extirpation of the focal species. We
studied wider biodiversity values in long protected black stork (Ciconia nigra) nest sites,
which were abandoned by the bird and thus legally subject to de-listing. In 20 abandoned
nest sites in Estonia, we (i) mapped breeding birds within 600 m from the stork nest, and
(ii) carried out time-limited surveys of lichens, polypore fungi, vascular plants and bry-
ophytes in 2-ha plots. The breeding bird assemblages (64 species recorded) included 19
red-listed species, and showed no clear aggregation to the immediate surroundings of the
stork nest. We recorded 740 plant and fungal species, of which 134 (18%) were of conser-
vation concern (nationally protected, red-listed or extremely rare). Across the 2-ha plots,
the numbers of the species of conservation concern varied more than three-fold (maximum
42 species), being affected notably by dead wood accumulation over time and presence of
nemoral broad-leaved trees. The results demonstrate that many abandoned nest sites of the
black stork have broader biodiversity significance, both due to the bird’s habitat require-
ments and the natural development during the protection. Expanding the umbrella function
to sites abandoned by a focal species, but intact from anthropogenic degradation, can thus
be a cost-effective conservation approach due to its low additional administrative burden.
In most jurisdictions, the assessment procedure for such situations should be formalized,
however.
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Introduction

For cultural and historical reasons, better studied taxon groups and iconic (flagship) species
receive disproportionately much attention and funding for their habitat protection (Sim-
berloff 1998; Seddon et al. 2005; McCarthy et al. 2012; Davies et al. 2018). Because the
opportunity costs of biologically rich land are high, the set-asides established for such spe-
cies can reduce future options for protecting additional areas for other species. Yet, sim-
ply allocating resources from iconic species to inconspicuous poorly known biodiversity
may also fail due to a lack of social acceptance. A cost-effective solution could be reached
through careful evaluation of set-aside habitats for socially valued species for wider repre-
sentation of biodiversity (McGowan et al. 2020). Such a perspective is particularly needed
for the cases when a species-based habitat protection system has been already implemented
in areas or ecosystems that are exposed to heavy anthropogenic pressure.

The scientific concept to plan reserve networks based on selected species to provide
reasonable protection (an ‘umbrella’) for full biodiversity emerged more than 30 years ago
(Wilcox 1984), and has been heavily debated since then. The debate has focused on the
ecological, distributional and cultural features of umbrella species; the effectiveness of
this approach compared to the alternatives; and on combining sets of species for a con-
servation system (e.g., Roberge and Angelstam 2004; Caro 2010; Branton and Richardson
2011). However, the practice of creating reserves for priority species is much older, often
legally and politically well established, and has continued in parallel. There are multiple
reasons for why such practices evolved, including their historical selected-species roots
in game management (e.g., Lohmus et al. 2017) and in the casewise building up of the
environmental law (e.g., Brooks et al. 2002). Thus, in most regions with long and diverse
nature conservation traditions, conservation managers are facing practical questions of
how to manage existing set-asides that originally were not planned for broader biodiversity
representation.

The existing networks protected for single (target) species can be substantial and carry
significant opportunity costs in some regions, such as in temperate forests. For example,
the 1994 Northwest Forest Plan in the U.S. reorganized a large share of 10 million ha of
federal forests in the Pacific Northwest as late-successional reserves to protect the northern
spotted owl (Strix occidentalis caurina) and marbled murrelet (Brachyramphus marmora-
tus), and a related network of riparian reserves as salmonid habitat (Spies et al. 2019). In
the Baltic countries, more than 1% of all forest land is protected for a single species, the
western capercaillie (Tetrao urogallus) (Lohmus et al. 2017). Altogether, the sites protected
solely for birds of conservation concern comprise ca. 15% of the Natura 2000 network area
of the European Union (EEA 2020).

Single-species reserves have straightforward management goals as long as they serve
the target species. However, managers may face a conservation dilemma when the target
species is lost, and they have to decide about continuing the protection of abandoned local-
ities. The abandonment may result from an overall population decline of the target species,
creating obvious problems when their protected localities hold a prominent position in the
conservation system and the broader biodiversity is poorly known (Simberloff 1998). Simi-
lar dilemmas can occur due to spatio-temporal dynamics in species distributions when the
reserves are small (Tingstad et al. 2020), or when the target species loses its protection sta-
tus while the other (less known) species in the ecosystem remain threatened. Such dilem-
mas refer to a risk that repealing the protection status can create new conservation prob-
lems by: (i) eliminating the sites needed for the recovery of the target species (Camaclang
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et al. 2015); (ii) degrading sites of a broader biodiversity value; and (iii) by undermining
the public funds and social credibility spent for the establishing the reserve system. A key
question for addressing all those risks is the habitat quality of the sites.

In the current study, we focus on the risk of losing broader biodiversity values in so-far
protected, but abandoned, black stork (Ciconia nigra) nest sites at the northern margin of
the species’ European distribution range. In this region, the stork sparsely inhabits large
forest landscapes with access to streams for foraging (Lohmus et al. 2005; Treinys et al.
2009). Since it can occupy a nest stand for several decades in undisturbed conditions, sev-
eral countries have practised establishing micro-reserves of at least 10-30 ha in size around
the nests to buffer these against forestry impacts (Rosenvald and Lohmus 2003; Strazds
2003; Zielinski et al. 2011). Despite such practices, the northern populations of the black
stork have declined markedly (Konovalov et al. 2019); thus, hundreds of protected nest
sites in this region have been abandoned and have unclear perspectives of re-occupancy.

We sampled the black stork nest sites abandoned in Estonia for five taxon groups (breed-
ing birds, vascular plants, bryophytes, lichens, and polypore fungi), focusing on species of
conservation concern and biodiversity variation among the nest sites (cf Lelli et al. 2019
for general relevance of such approach). Our broad study questions were: (1) Has the strict
protection status provided a long-term umbrella for old-forest assemblages to develop? (2)
Are those assemblages distinct also due to the habitat preferences of the black stork (as
established in a comparison with reference datasets from non-stork sites)? (3) Which stand
structural characteristics explain the variation among the nest sites in their conservation
values?

Material and methods
The study system

The study system comprised 20 abandoned black stork nest sites distributed across the
Estonian mainland where a large population decline has taken place since the 1980s (Sellis
2018). The study region is situated in the European hemiboreal vegetation zone (Ahti et al.
1968). The mean air temperature is 17 °C in July and —4 °C in January; the average precip-
itation is 600-700 mm year™'. The topography is mostly flat and of glacial origin: uplands
and plateau-like areas alternate with lowlands, depressions and large valley-like forms.
Forests cover half of the land area, of which ca. 40% are wet forests; peatlands (both open
and wooded) cover ca. 24%. As of 2019, the Estonian black stork population is red-listed as
Critically Endangered (EELIS 2021) and it is subjected to national monitoring. The Esto-
nian Nature Conservation Act prescribes strict protection within at least 250 m radius for
every known black stork nest in the country; if the site is abandoned, removal of the legal
protection requires special assessment for the potential of re-occupancy.

The 20 sites were selected from a total of 106 abandoned nests recorded in the Esto-
nian Nature Information System in April 2014, excluding the sites degraded by forest cut-
ting. Since our aim was to explore site variation, we first distinguished 63 abandoned nest
sites in four common forest site-types, for which there was sufficient reference informa-
tion on natural biodiversity and forest structure. For each site type, five replicate sites were
selected in mainland Estonia to represent a stand age gradient from 70 to 85 years to the
oldest available (131-176 years; Fig. 1; Online Resource 1). The site types were (sensu
Lohmus 1984): (i) Oxalis—Myrtillus mixed conifer forests with variable share of Norway
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Fig. 1 Locations of the studied nest sites in Estonia (symbols indicate the site types). The dashed ovals
mark the regions where reference datasets for comparison have been collected

spruce (Picea abies) and Scots pine (Pinus sylvestris) on Gleyic Podzols; (ii) eutrophic
boreo-nemoral mixedwood of Aegopodium type, comprising spruce, silver birch (Betula
pendula) and European aspen (Populus tremula) on Gleyic Cambisols and Gleyic Luvisols;
(iii) mixedwood of the Filipendula ulmaria type on Gleysols, and (iv) spruce-dominated
drained peatland forests (decayed-peatland site types).

Of the 20 nest sites, six had been found in the 2000s, seven in the 1990s, and seven
were protected already earlier. Most stands could be confirmed to have developed without
human intervention for at least 30 years or (in three sites) during the whole current stand
development (Online Resource 1). The actual periods without timber cutting were appar-
ently even longer in several cases, as judged by the present structure of the stand. The
reasons for that include both the selection of (undisturbed) sites by the stork (Lohmus et al.
2005) and the protection established after finding the nest. At the time of the study, one
nest site was situated on private land and the rest were in state-owned forests, but all the
sites were similarly under strict protection (13 in sites specifically protected for the species;
seven incorporated into multi-purpose reserves).

Data collection

The field sampling was carried out in 2014 and 2016, using two types of plots. The bird
census areas (23-76 ha in size, mean 46 ha) comprised the whole forest area that was
strictly protected around each nest site. For sessile organisms, a homogeneous 2-ha plot
was delineated around each nest tree. In the latter, we also sampled forest structure using
four 50-m straight, spaced-out sampling lines according to the procedure described by
Lohmus and Kraut (2010). Live trees of > 10 cm in diameter at breast height (DBH) were
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measured within 2 m, and standing dead trees > 1.0 m height and>10 cm DBH (or top
diameter) within 5 m at both sides of these lines. The plot level volume of live tree trunks
(including bark) was estimated according to species-specific diameter functions used in
practical silviculture in Estonia (Padari 2004). The volume of coarse and fine fallen dead
wood (diameter > 10 cm and 0.3-9.9 cm, respectively) was estimated by measuring the
diameter of each item at its crossing point with a transect line, and assuming circular cross-
sections (Van Wagner 1968). A five-point scale was used for wood decay stage (Lohmus
and Kraut 2010); the stages III-V are here termed as ‘well decayed’.

Experienced ornithologists mapped birds on two surveys in each area in spring 2014
(first mapping 9-26 May; second mapping 5-23 June). Each area was covered by walking
slowly at tracks no more than 50-75 m apart in the morning, mapping all bird individuals
heard or seen that could be breeders. The locations of the observations were digitalized
in a GIS and interpreted as nesting territories by the same person (the author R.N.). The
main criteria for the interpretation were (i) simultaneous observations of adjacent territo-
rial birds or pairs, and (ii) distances between the locations depending on species biology
(e.g.,> 100 m observations of singing males of many small passerines were considered dis-
tinct territories). In the Estonian conditions, the numbers of nesting territories obtained
with such methods probably form 60 to 90% (depending on species) of those estimated
with thorough 10-time surveys (Leito et al. 2008). The underestimates are most likely for
early breeders and non-passerines difficult to detect during few top-season surveys (Loh-
mus 2020), and for highly mobile species (e.g., corvids, thrushes, Spinus spinus) for which
mostly the criterion (i) was used.

We surveyed four sessile species groups (vascular plants; bryophytes; lichens and allied
fungi; polypore fungi—each by one field expert) in 2-ha plots following a standardised
fixed-area-fixed-effort protocol (Lohmus et al. 2018a). In each plot, the full assemblage of
each species group was inventoried for four hours in a suitable season (vascular plants in
June—August; bryophytes and lichens in July—October; polypores in September—October).
All types of suitable substrates up to 2 m height from the forest floor were checked, with
the primary aim of finding as many species as possible. According to field estimates, this
approach usually reveals>70% of all species present in the 2-ha plot, ranging from ca.
50% in lichens and polypores in the most diverse forests to>90% in vascular plants (Loh-
mus et al. 2018a). For each detected species, we categorized its abundance on an approxi-
mately logarithmic scale. For bryophytes, lichens, and polypores, a five-point scale was
used (1, one record; 2, 2-5 records; 3, 615 records; 4, 16-100 records; 5,> 100 records).
For vascular plants, a ten-point scale was used, ranging from one shoot (score 1), 2-3 scat-
tered shoots or a clone (score 2) to local dominance (score 8) or total dominance (score 9
for > 50% total cover; score 10 for>90% cover) (see Lohmus and Remm 2017 for % cover
estimates related to this scale). Where necessary, specimens that could not be identified
in the field were collected and examined in the lab using microscope, thin-layer chroma-
tography method to detect lichen compounds or, in the case of polypores, sequencing for
rDNA ITS region for comparisons with references. The nomenclature follows PlutoF data-
base (PlutoF 2017) for vascular plants, Vellak et al. (2015) for bryophytes, Randlane et al.
(2019) for lichens, and Runnel et al. (2021) for polypores. Vouchers of species of particular
interest have been deposited in the collections of the University of Tartu Natural History
Museum (TUF) and the Estonian University of Life Sciences (TAA).

For comparison, we used our reference datasets of the sessile species groups, which
have been collected between 2006 and 2009 in mature managed and old-growth stands
of mainland Estonia using the same survey protocol (Lohmus et al. 2018a). Here, we use
the data from the site types comparable to those around the stork nests; notable exceptions
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being that: the reference match for the Filipendula type had a similar tree composition but
wetter soil (swamp); bryophytes lacked reference datasets for the Aegopodium-type, and
polypores for the drained peatland type. There were six plots per forest type and age com-
bination (except five sites for the swamp type). Thus, we included a total of 23 mature
managed and 23 old growth reference sites for vascular plants and lichens, and 17 mature
managed and 17 old-growth reference sites for bryophytes and polypores. See, e.g., Loh-
mus and Kraut (2010), Remm et al. (2013), Runnel and Léhmus (2017), Léhmus and Loh-
mus (2019) for analyses of the reference data.

Data analyses

Our analyses describe the biodiversity values and their linkages with the protection pro-
vided by the stork nest. A major focus was on species of conservation concern (SPEC),
distinguished as species being nationally red-listed as threatened or Near Threatened, or
legally protected or used as indicators for woodland key habitats (Anonymous 2017). The
national red lists used followed the 2017-2021 assessments (EELIS 2021).

The analyses of birds specifically addressed the scale of the potential umbrella effect
provided by the stork. For that, we distinguished distance zones of 100 m intervals from
the historical nests. We expected that if the effect of protection was mainly the reduction
of forestry disturbance, the bird assemblage parameters would be rather similar across the
distance zones. Alternatively, if the stork would select distinct locations at a smaller scale,
there could be differences or a gradient across the distance zones. The surveyed areas were
sufficient to analyze areas up to 600 m from the nest; this analysis eventually included a
total of 801 ha surveyed (23—62 ha per site; Online Resource 1).

We tested the differences in vascular plant, bryophyte, lichen and polypore assemblages
in the stork plots and the two age classes of reference plots using multi-response permuta-
tion procedures (MRPP). MRPPs test whether Sgrensen (Bray—Curtis) distances between
predefined classes exceed those resulting from random assignment of the sample. The spe-
cies matrix for each species group comprised species abundance class in each plot; the spe-
cies recorded only in 1-2 plots were omitted. Were also excluded the site types for which
reference data were unavailable (in bryophytes—Aegopodium type; in polypores—drained
peatland type). We then carried out indicator species analyses (Dufréne and Legendre
1997) to test for characteristic species in the stork plots. Finally, to visualise the differences
between species assemblages, we used non-metric multidimensional scaling (NMS) based
on the Sgrensen (Bray—Curtis) distances. We used the medium autopilot mode (up to six
axes; 200 runs with real data and 200 with randomized data; stability criterion 0.00001),
and accepted the recommended three-dimensional solutions based on the mean stress
value with real data (12.4-18.7). In the environmental matrix, thirteen potentially impor-
tant structural variables (Online Resources 1-2) were included to explore their correlations
with the formed ordination axes. All these analyses were carried out in PC-ORD vers. 6.07
(McCune and Mefford 2011).

To explore how the number of SPECs per plot may have developed during the protec-
tion, we built generalized linear models (GLM; Type III; Poisson distribution; log link)
separately for each taxonomic group, and cryptogams pooled (since these three groups
covaried, see "Results" sect.). Factor significance was estimated based on likelihood-ratio
tests. The key factor of interest was the stand age (continuous variable), when accounting
for forest type (two categories based on SPEC frequencies: conifer forests of the Oxalis-
Myrtillus or drained peatland types vs. the mixedwood of the Aegopodium or Filipendula
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types). First, we only documented their main effects. Then, we added the volume of coarse
fallen wood (CWD) to test for independent contributions of stand structural development
vs. the remaining stand-age effect. (Note that both stand age and dead wood abundance are
also operational for management decisions.) Finally, we explored factor interactions in the
model indicating the largest impact of the protected status. The analyses were performed
using glm function in R-core package (R version 4.0.2).

Results
Biodiversity in the black stork nest sites

In total, 3850 pairs or territorial birds of 64 species were recorded in the protected forest
areas within 600 m of abandoned black stork nests (n=20). We could not detect statisti-
cally significant gradients in the main bird assemblage characteristics. The fact that some-
what less dense and less diverse assemblages were recorded at distances > 500 m (Table 1)
was attributable to the fact that the protected zones were smaller in more productive sites
(the 501-600 m zone was absent in five such sites sampled). When standardizing the bird
densities in all zones to the value observed in the closest (0—100 m) zone, the variation
among the zones was convincingly non-significant (ANOVA: F, 4,=0.85; P=0.50).

The bird assemblages in the protected zones included 19 red-listed species (14 threat-
ened; 5 Near Threatened). Some Vulnerable species that are generally sparsely distributed
in Estonia, but regularly occurred around the nest sites, included: Tetrastes bonasia (4.1
territories km™2), Picoides tridactylus (1.9), Tetrao urogallus (0.9) and Columba oenas
(0.6). The densities of two putative old-forest passerines, Ficedula parva and Phylloscopus
trochiloides, were 8.7 and 3.6 territories km 2, respectively. Raptors and owls were present
at a total density 1.0 territories km™2 (five species: Buteo buteo and Strix uralensis 3 pairs
each; Accipiter gentilis, Aquila pomarina and Pernis apivorus 1 pair each).

In the 2-ha plots in the black stork nest stands, we recorded a total of 266 species of
vascular plants, 133 species of bryophytes (additionally, unidentified Sphagnum spp.), 229
species of lichenized and allied fungi, and 112 species of polypore fungi (Table 2; Online
Resource 3). According to the NMS ordination, the assemblage structure varied along with

Table 1 Mean breeding bird community characteristics (+ SE) in the protected forests surrounding 20 aban-
doned black stork nests in Estonia

Variable Distance from the nest (m)

0-100 101-200 201-300 301-400 401-500 501-600
No. of pairs ha™! 5.6+0.3 53+04 4.7+0.3 5.1+0.5 55+0.6 4.2+04
Red-listed species (%) 12+2 9+1 13+2 14+2 9+1 12+2
Dominant passerines (%)* 48+3 48+2 48+2 53+2 52+3 52+4
Non-passerines (%) 4+1 7+1 5+1 5+1 4+1 5+1
Shannon species diversity 3.10 3.10 3.12 3.06 3.04 2.92
N (no. of pairs) 325 836 931 867 597 294
No. of species 41 49 56 48 45 33

*Five most abundant species: Fringilla coelebs, Phylloscopus sibilatrix, P. trochilus, Erithacus rubecula,
Regulus regulus
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several stand characteristics (Online Resource 2); notably: (i) the density of large live trees
was a major factor for vascular plant and bryophyte assemblages (Fig. 2a, b), while (ii) the
tree species composition and dead-wood variables were major factors for lichen and poly-
pore assemblages (Fig. 2c, d); (iii) stand age had the largest effect on the assemblages of
polypore fungi.

In three of the four groups (except vascular plants), the assemblages in the stork plots
differed significantly from those in the reference sites (Fig. 2; MRPP test: P<0.001 for
all three comparisons). The nest sites were most distinct for lichens, and in drained peat-
land sites (Fig. 2a—c; the latter not studied in polypores). Additionally, the indicator spe-
cies analyses revealed that several bryophyte species were more likely to occur around
the nest sites: six of seven species with high (>50) and significant indicator values were
bryophytes. These species included three hepatics of conservation concern that primarily
inhabit well decayed downed wood (Crossocalyx hellerianus, Nowellia curvifolia and Ric-
cardia latifrons).

+CICNIG
(a) @®REF_0OG (b)
OREF_MM
° L4 o
1.0 %0 o Qe
o
o 0.5 SN +
© :JQS.:/ X R e Live D30 >
® C o o &+ 4+ F+
@ LiveD30 % & ide0 S ° C ~ o, .
- 00 o tv\g‘f " ° ® i+ o .
o Y ? o ° 17 o®
R —_+t e < o °
é * ° < o5 \ °
+ + + ~p o °
1.0 ~ © °
/ °
) o ° .
¥
[ ] 15
20 20 1.0 0.0 1.0 20
25 15 05 05 15 Axis 2
Axis 1
(c) 1.5
+ (d)
N o
AN 15 o
o
Bt . ° R o°
| ° o c
05 +\* ; © g0 o + 0
8 +8. o ~ o ) o
™ N ¢ o o 9 O o o~ 05 © o+ 5
P s 1) ° + o oe
< + o+ o® 2 © + + ° ©
Z + e % BRY Mean @—@L Live '
o® O <C ° O ¢@ ~
+ ® Agel @ + [e]
-0.5 + |fg5. Broadleaved + ° + Deciyed. logs
-0.5 °
+  Decayed logs R Logs? 4, 4
R ° ° e ©
+ 7 * +
15 15
-15 0.5 0.5 1.5 2.0 1.0 0.0 1.0
Axis 1 Axis 1

Fig.2 Nonmetric multidimensional scaling ordination graphs of the assemblages of vascular plants (a),
bryophytes (b), lichens (c), and polypore fungi (d) in the abandoned nest sites of the black stork (CICNIG)
compared to reference sites in old growth (REF_OG) and mature managed forests (REF_MM) of the same
site types. The arrows denote stand variables correlated with the axes (r220.2; see also Online Resource
2): “Live D30"—density of live trees with diameter at breast height>30 cm, “Broadleaved”—density
of overstorey nemoral hardwoods (Acer, Fraxinus, Quercus, Tilia, Ulmus); “Logs”—volume of all fallen
trunks > 10 cm in diameter; “Decayed logs”—volume of fallen trunks in the decay stages III-V; “BRY
mean”—mean ground cover of bryophytes, “Live H’”—Shannon diversity of live trees; “Age”—mean age
of overstorey trees. The nest sites in drained peatlands are delineated with polygon lines
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Plants and fungi of conservation concern in the nest sites

The recorded assemblages of the four sessile groups included 134 (18%) species of conser-
vation concern (SPEC; Online Resource 3). Their share in the species pool was distinctly
smaller in the conifer dominated Oxalis-Myrtillus and drained sites (11%) than in the
eutrophic mixedwood of Aegopodium and Filipendula types (15-16%; Table 2). The num-
bers of all sessile species recorded per 2-ha plot varied less than two-fold (range 174-334),
while the numbers of SPECs varied more than three-fold (range 13—42), again with clear
differences between the site types (Table 2). The minimum set containing all SPECs found
was 18 plots, which was entirely due to each of these plots hosting at least one species
found in no other plot.

Both in terms of all species, and of the SPECs recorded, the three cryptogam groups
co-varied across the plots, while the numbers of vascular plant species varied indepen-
dently (Table 3). Within taxon groups, the correlations between the numbers of SPECs and
all species were moderate to strong in cryptogams (r=0.52-0.77; P <0.05; n=20), while
such correlation was absent in vascular plants (r=0.37; P>0.1; n=20).

Four groups of SPECs could be distinguished based on their practical value (Online
Resource 3):

(1) Nationally protected species (37 species in total) were present in every plot, and
five plots had > 10 such species. The species of European significance included, for
example, the grass Cinna latifolia (in two plots) and the wood-inhabiting polypore
Skeletocutis odora (in four plots). The iconic macrolichen, Lobaria pulmonaria, was
also recorded in four plots.

(i) 92 species found were nationally red-listed (4 Critically Endangered, 16 Endangered,
33 Vulnerable, 37 Near Threatened), including 66 species that lacked legal protec-
tion. No plot had fewer than four, and seven plots had > 10 red-listed species. Major
ecological groups (> 10 species each) were: lichens inhabiting aspen and nemoral
broad-leaved trees; the species (mostly polypores) inhabiting coarse woody debris;
and thirteen calicioid fungal species (six lichenized) that inhabit specific micro-
habitats. Windthrow mounds—a substrate abundant in these naturally developing
stands—hosted a small group of specialized red-listed species (Chaenothecopsis
nigra, Micarea myriocarpa, Microcalicium arenarium, Psilolechia lucida).

(iii) A subset of (ii) were very rare taxa whose localities have a wider regional signifi-
cance. These included, for example, three macrolichens of the genus Cetrelia (distin-
guished based on lichen substances); a calicioid microlichen Sclerophora amabilis
(one of two records in Estonia); and four of the less than 10 locations of the polypore

Table 3 Cross-taxon covariance (Pearson correlation coefficients) in the total numbers of species (above the
diagonal) and in the numbers of species of conservation concern (below the diagonal) recorded in the 2-ha
plots (n=20)

Taxon group Vascular plants Bryophytes Lichens Polypores
Vascular plants 0.36 0.35 0.25
Bryophytes —-0.14 0.65* 0.67%*
Lichens -0.07 0.73%*** 0.76%#*
Polypores 0.34 0.47* 0.50*

P-values are indicated as: *<0.05, **<0.01, *** <(0.001

@ Springer



Biodiversity and Conservation (2021) 30:3647-3664 3657

Junghuhnia autumnale known in Estonia so far. Some of such species are also poorly
known, e.g., lichens Biatora vernalis and Megaspora verrucosa.

(iv) The 51 official indicator species of woodland key habitats found included 13 bryo-
phytes, 8 lichens, and 10 polypores that are neither protected nor red-listed. Several
of those species have a threatened status elsewhere in North Europe. Individual plots
had 6-22 indicator species (mean: 14 +5 SD).

The general linear modelling showed that per-plot numbers of SPECs among lichens,
polypores, and cryptogams pooled were highest in the mixedwood sites and increased
along with the stand age (Table 4: upper panel). Adding CWD volume to the model
revealed its positive independent effect on SPECs of bryophytes, lichens, and crypto-
gams pooled, while all significant stand age effects became non-significant (Table 4,
lower panel).

Exploring Stand age X Site type interactions for the model with the clearest effects
(cryptogams pooled) indicated similar site-type specific increases both in the numbers
of SPECs and CWD volumes (Fig. 3). The interactions indicating significantly steeper
increases in the mixedwood types were significant in both cases (P=0.038 for SPECs;
P =0.045 for CWD). The mean (x SD) observed CWD volume in conifer-dominated and
eutrophic mixedwood stands was 48.5+30.3 and 93.5+53.6 m*/ha, respectively, and
the mean volume of medium to well decayed CWD (decay stage I1I-V) was 25.0+18.9
and 42.2 +30.2 m*/ha, respectively (Online Resource 1).

Table 4 Generalized linear models (Type III; Poisson distribution; log link) of the stand age and site type
effects (upper panel), and the additional effect of downed coarse woody debris (CWD) (lower panel) on the
number of species of conservation concern in black stork nest sites (n =20 2-ha plots)

Taxon group  Stand age effect Site type effect CWD (m’/ha) effect

estimate + SE P estimate + SE ? P estimate + SE P

Two-factor models

Vascular —0.004£0.004 0.374 —0.084+0.118 0.478
Bryophyte 0.004 +0.003 0.244 —-0.098+0.079 0.212
Lichen 0.009+0.002  <0.001 —0.327+0.078 <0.001
Polypore 0.006 +0.003 0.061 —0.217+0.101 0.030

Cryptogam 0.006+0.002  <0.001 —0217+0.048 <0.001
Three-factor models

Vascular —0.003+0.005 0.547 —0.096+0.140 0.492  —0.001+0.004 0.871
Bryophyte —0.001+£0.003 0.756 0.010+£0.096 0.918 0.005+0.002 0.048
Lichen 0.005+0.004 0.147 - 0.208+0.096 0.029 0.004 £0.002 0.037
Polypore 0.002 £0.004 0.665 —0.106+0.125 0.392 0.004 £0.003 0.127

Cryptogam 0.002 +£0.002 0.345 —0.101+0.060 0.088 0.005+0.001 <0.001

Each row presents a separate model; P-values refer to likelihood-ratio tests (values <0.05 in Bold)

*Refers to conifer forests (Oxalis-Myrtillus and drained peatland types) as compared with mixedwood
(Aegopodium, Filipendula type)
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Fig. 3 Stand age effects in 2-ha
plots around the black stork nests
on: a the number of cryptogam
(lichens, bryophytes, polypores)
species of conservation concern
(SPEC), and b the volume of
downed coarse woody debris.
The symbols distinguish 10
conifer-dominated (Oxalis-
Mpyrtillus, drained peatland) and
10 mixedwood (Aegopodium,
Filipendula) forests; the shaded
areas are 95% confidence inter- 04
vals for the regressions
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Discussion

The conservation literature on the potential use of umbrella species for protecting wider
biodiversity has mainly focused on species co-occurrence patterns (Roberge and Angel-
stam 2004; Caro 2010). In forests, there is much evidence to date that cross-taxon congru-
ence can be weak, particularly at local scales that are relevant for management decisions
(e.g., Simild et al. 2006; Burrascano et al. 2018; Jokela et al. 2018). However, as pointed
out by Caro (2010, p. 119), there seems to be a mismatch between the spatial incongru-
ence problems highlighted and the apparent success in several realized schemes of reserve
establishment for selected species. A likely reason for such difference is that the reserves,
once established and properly protected, can become biodiversity hotspots along with the
impoverishment of the surrounding landscape and, perhaps, also local biodiversity gains in
time. Documentation on such long-term outcomes of realized protection for selected spe-
cies remains rare, and their specific role for diverse set-aside systems has not been assessed.

Our results support the view that many historical nest sites of the black stork in Esto-
nia have broader biodiversity significance, due to a combination of the bird’s nest-site
requirements and natural development under the protection. In terms of total bird densi-
ties (Table 1), these protected forests were intermediate between typical production forest
landscapes (ca. 3 pairs ha~!; Ellermaa 2005; Lohmus 2020) and old-growth stands (6—12
pairs ha™! depending on site type; Rosenvald et al. 2011). Nevertheless, some old-forest
bird species of productive site types were well present, notably Phylloscopus trochiloides,
which is so rare in Estonia that it has generally been missed in plot-based studies (Vili
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and Vaan 2020). Furthermore, across all taxon groups, all the nest stands hosted nation-
ally protected species, and the minimum set hosting all cryptogam species of conservation
concern was 18 sites of the 20 sites studied. This indicates that a reasonable precautionary
approach would be to assume a high conservation value for any protected black stork site
unless shown otherwise.

The ecological key factors involved were best revealed by the comparative surveys of
full cryptogam assemblages in the nest stands (cf. Nitare 2000; Paillet et al. 2010). Those
factors acted in concert (see below), ultimately shaping hotspots of bryophyte, lichen and
polypore species of conservation concern among the sample of nest sites (Table 3). In con-
trast, the assemblage patterns for vascular plants remained independent and unrelated to
the stand structural and stand age factors of interest. An apparent reason for that was that
the main environmental gradients for vascular plants were either standardized (soil-based
site types) or varied little (light and disturbance regimes; management history; landscape
connectivity) in our study system (cf Pirtel et al. 2005; Reier et al. 2005; Palo et al. 2013).
While vascular plants may be informative for some forest conservation planning goals
(e.g., Kati et al. 2004; Lelli et al. 2019), they are apparently less informative for assessing
conservation perspectives for small undisturbed old-forest set-asides in large forests.

Of the major factors affecting the conservation value in our study system, the contri-
bution of CWD to forest biodiversity is perhaps the best documented (Gao et al. 2015),
including the evidence of cross-taxon benefits from dead wood management for target bird
species (Bell et al. 2015). A new insight from our study was an interplay of the CWD pool,
stand age, and the protection status. Specifically, the mean CWD amounts observed in the
youngest nest stands (Fig. 3) were close to those in production forests in Estonia (Lohmus
and Kraut 2010), while the fact that stand age lost its significance in the models contain-
ing CWD (Table 4) is best explained by wood accumulation along with the natural stand
development.

We have shown elsewhere that CWD accumulations can have an impact on wood-inhab-
iting species independent of old growth conditions (Runnel and Lohmus 2017). However,
since the protected stands were developing naturally, the CWD variable in our models
probably co-varied with, and revealed, multiple successional changes in stand structure and
substrate qualities. Additionally, finding of several regionally rare species in the protected
nest stands supports the view that a set-aside may retain rarities also due to a lack of severe
disturbance, not only due to specific habitat conditions provided (Lohmus and Lohmus
2019). Overall, such combined effects may explain the strong and ubiquitous effects of the
CWD and stand age variables. Also, the site-type specific effects of the stand age (Fig. 3)
confirm that eutrophic forests start providing old-growth habitats sooner and, when impov-
erished, can recover more readily without restoration intervention (Lohmus et al. 2020).

For lichens, a distinct assemblage factor present in many stork sites was the share of
nemoral broad-leaved trees; this effect has been explicitly documented based on our refer-
ence dataset (Lohmus and Lohmus 2019). These tree species are generally disfavoured in
the Estonian production forests and their lack in overstoreys is a major limiting factor for
epiphytes in most reserves that have a production-forest history (Lohmus et al. 2020). In a
long perspective, natural tree species composition can recover, but the process is sporadic
and slow (Palo and Gimbutas 2017). Small set-asides with such trees outside the main
reserve system would thus help to sustain a pool of specialized forest species in the coming
decades.

Importantly, the hotspots studied by us had developed largely due the cultural position
of an iconic species. In our study region, the black stork is well known to the wider public
(Sellis 2000), its nest sites have been protected in several countries (Kurlavicius et al. 2004;
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Banas et al. 2019), and it has been listed as a landscape-scale umbrella species for forest
conservation (Angelstam et al. 2004). Thus, our data reveal that many abandoned, but pro-
tected, nest stands of the Black stork are functioning similarly to woodland key habitats,
which are identified based on multiple ‘indicator’ species and structural proxies (Timonen
et al. 2010). For some rare species, such as the poorly known polypore Junghuhnia autum-
nale, the stork’s nest site protection is even the only explicit conservation approach identi-
fied in this region (Lohmus et al. 2018b). Furthermore, our bird surveys suggested that the
habitat qualities can extend to areas at least 500 m away, if protected. Hence, (i) priorities
for preservation are large areas that have been long protected and contain nemoral broad-
leaved trees in the overstorey, but (ii) also somewhat degraded forest sites can passively
recover under the cultural ‘umbrella’ of the black stork in the surroundings.

Using the regulations present for the existing set-asides and their status as “last sites”
of an extirpated iconic species might thus provide a rapid and, perhaps, attractive tool to
protect and develop forest biodiversity hotspots. Similar shifts to biodiversity targets can be
observed, for example, in many rural parks that have initially been protected for their cul-
tural virtues but have developed high habitat values in time (Lohmus and Liira 2013). Also,
habitats of some target species might provide additional non-timber benefits, such as the
potential of bilberry-picking in capercaillie lekking sites later in the season (Remm et al.
2018). However, for legitimate switching from one protection goal to another, a special
habitat assessment procedure for abandoned sites is necessary.

Wider applicability of such an approach is affected by the role of habitat degradation in
the abandonment of the site. If it happened due to other reasons (e.g. human disturbance),
the protection perspectives are obvious, particularly in key locations on landscapes and in
those successional stages (such as maturing forests) that can passively recover. Such sites
could be recolonized if maintained intact. However, we argue that, even when sites are
abandoned due to habitat change, it may still not affect all coexisting non-target species of
conservation concern. Furthermore, the sites can be subjected to habitat restoration, which
is a priority option for the sites protected for priority species listed in the EU Habitats and
Birds Directives.

Practical conclusions

(1) Forest set-asides that have historically targeted specific species are very likely of wider
biodiversity significance. In production forest landscapes, such sites can become irre-
placeable biodiversity hotspots depending on their size, forest type, and time since
protection.

(2) In the Baltic region, the main conservation values in the abandoned, but historically
protected black stork nest sites are related to the natural development of the stands.
A precautionary approach would be to continue with the same protection status and
spatial extent, unless a biodiversity assessment in the specific case suggests otherwise.

(3) Multi-taxon surveys are crucial for understanding overall biodiversity values in forests.
Given the laboriousness of such surveys, a cost-effective survey strategy in the case
of long-protected sites would be to prioritize those sites that are suspected to have a
reduced value (i.e., where changing of the conservation status would be most realistic).

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s10531-021-02268-7.

@ Springer


https://doi.org/10.1007/s10531-021-02268-7
https://doi.org/10.1007/s10531-021-02268-7

Biodiversity and Conservation (2021) 30:3647-3664 3661

Acknowledgements We are grateful to Tarmo Evestus, Priit Voolaid, Joosep Tuvi, Margus Ellermaa, Indrek
Tammekénd, Andrus Jair, Veljo Volke and Sven Aun for assistance in the bird surveys; to Liisa Lohmus
and Hanna-Liisa Nommik for the measurements of forest structure; to Polina Degtjarenko for identifying
the collected microlichen specimens; to Kristel Turja for data digitalization; and to Urmas Sellis for clarify-
ing the historical background of the nest sites. Two anonymous reviewers constructively commented on the
manuscript.

Funding The study was funded by the Estonian Environmental Board (Grant LLTOM16048 to R.N. and
P.L.) and the Estonian Research Council (Grants IUT 34-7 to A.L. and IUT 21-4 to R.R.).

Data availability The summary data provided in electronic online resources accompanied by the manu-
script. Further details available upon request from the authors.

Code availability Not applicable.

Declarations

Conflict of interest The authors declare that they have no conflict of interest.

References

Ahti T, Hamet-Ahti L, Jalas J (1968) Vegetation zones and their sections in northwestern Europe. Ann Bot
Fenn 5:169-211

Angelstam P, Roberge JM, Lohmus A, Bergmanis M, Brazaitis G, Donz-Breuss M, Edenius L, Kosinski Z,
Kurlavi¢ius P, Larmanis V, Lukins M, Mikusinski G, Racinskis E, Stradzs M, Tryjanowski P (2004)
Habitat modelling as a tool for landscape-scale conservation—a review of parameters for focal forest
birds. Ecol Bull 51:427-453

Anonymous (2017) Vidriselupaiga klassifikaator, valiku juhend, véiriselupaiga kaitseks lepingu sdlmim-
ine ja védriselupaiga kasutusdiguse arvutamise tdpsustatud alused. Riigi Teataja I 15.09.2017: 5 (in
Estonian)

Banas$ J, Zigba S, Bujoczek M, Bujoczek L (2019) The impact of different management scenarios on the
availability of potential forest habitats for wildlife on a landscape level: the case of the black stork
Ciconia nigra (Linnaeus, 1758). Forests 10:362

Bell D, Hjiltén J, Nilsson C, Jgrgensen D, Johansson T (2015) Forest restoration to attract a putative
umbrella species, the white-backed woodpecker, benefited saproxylic beetles. Ecosphere 6:1-14

Branton M, Richardson JS (2011) Assessing the value of the umbrella-species concept for conservation
planning with meta-analysis. Conserv Biol 25:9-20

Brooks RO, Jones R, Virginia RA (2002) Law and ecology: the rise of the ecosystem regime. Ashgate,
Hants

Burrascano S, De Andrade RB, Paillet Y, Odor P, Antonini G, Bouget C, Campagnaro T, Gosselin F, Jans-
sen P, Persiani AM, Nascimbene J (2018) Congruence across taxa and spatial scales: are we asking too
much of species data? Global Ecol Biogeogr 27:980-990

Camaclang AE, Maron M, Martin TG, Possingham HP (2015) Current practices in the identification of
critical habitat for threatened species. Conserv Biol 29:482-492

Caro T (2010) Conservation by proxy: indicator, umbrella, keystone, flagship and other surrogate species.
Island Press, Washington, DC

Davies T, Cowley A, Bennie J, Leyshon C, Inger R, Carter H, Robinson B, Duffy JP, Casalegno S, Lambert
G, Gaston K (2018) Popular interest in vertebrates does not reflect extinction risk and is associated
with bias in conservation investment. PLoS ONE 13:¢0212101

Dufréne M, Legendre P (1997) Species assemblages and indicator species: the need for a flexible asym-
metrical approach. Ecol Monogr 67:345-366

EEA (2020) State of nature in the EU: results from reporting under the nature directives 2013-2018. Euro-
pean Environment Agency, Luxembourg

EELIS (2021) Estonian Nature Information System. Estonian Environmental Agency. Accessed 22 Feb
2021

@ Springer



3662 Biodiversity and Conservation (2021) 30:3647-3664

Ellermaa M (2005) Breeding densities of common breeding species in managed mixed and moist forests in
Pirnumaa, Estonia. Hirundo 18:58-66

Gao T, Nielsen AB, Hedblom M (2015) Reviewing the strength of evidence of biodiversity indicators for
forest ecosystems in Europe. Ecol Indic 57:420-434

Kati V, Devillers P, Dufréne M, Legakis A, Vokou D, Lebrun P (2004) Testing the value of six taxo-
nomic groups as biodiversity indicators at a local scale. Conserv Biol 18:667-675

Konovalov A, Vili U, Nellis R, Nurmla A, Sellis U, Nellis R (2019) Solitude at periphery: lack of part-
ners limits reproduction of the black stork (Ciconia nigra) at the margin of the distribution range.
Ornis Fenn 96:13-23

Kurlavic¢ius P, Kuuba R, Lukins M, Mozgeris G, Tolvanen P, Angelstam P, Karjalainen H, Walsh M
(2004) Identifying high conservation value forests in the Baltic States from forest databases. Ecol
Bull 51:351-366

Jokela J, Juutilainen K, Korpela L, Kouki J, Kuntsi S, Koivula M, Siitonen J (2018) Cross-taxon congru-
ence and relationships to stand characteristics of vascular plants, bryophytes, polyporous fungi and
beetles in mature managed boreal forests. Ecol Indic 85:137-145

Leito A, Truu J, Leito T, Poder I (2008) Comparison of breeding bird communities in similar forest
types on Hanikatsi islet and elsewhere Estonia. Hirundo 21:73-86

Lelli C, Bruun HH, Chiarucci A, Donati D, Frascaroli F, Fritz O, Goldberg I, Nascimbene J, Tgttrup AP,
Rahbek C, Heilmann-Clausen J (2019) Biodiversity response to forest structure and management:
comparing species richness, conservation relevant species and functional diversity as metrics in
forest conservation. For Ecol Manag 432:707-717

Lohmus E (1984) Eesti metsakasvukohatiiiibid [Estonian Forest Site Types]. Eesti NSV Agrotdos-
tuskoondise Info- ja juurutusvalitsus, Tallinn (in Estonian)

Lohmus A (2020) Population densities of breeding birds in forests surrounding the drained Kripsi mire
(East Estonia). Hirundo 33:30-52

Ldhmus A, Kraut A (2010) Stand structure of hemiboreal old-growth forests: characteristic features,
variation among site types, and a comparison with FSC-certified mature stands in Estonia. For Ecol
Manag 260:155-165

Lohmus K, Liira J (2013) Old rural parks support higher biodiversity than forest remnants. Basic Appl
Ecol 14:165-173

Léhmus A, Remm L (2017) Disentangling the effects of seminatural forestry on an ecosystem good: Bil-
berry (Vaccinium myrtillus) in Estonia. For Ecol Manag 404:75-83

Loéhmus P, Lohmus A (2019) The potential of production forests for sustaining lichen diversity: a per-
spective on sustainable forest management. Forests 10:1063

Lohmus A, Sellis U, Rosenvald R (2005) Have recent changes in forest structure reduced the Estonian
black stork Ciconia nigra population? Biodivers Conserv 14:1421-1432

Loéhmus A, Leivits M, Péterhofs E, Zizas R, Hofmanis H, Ojaste I, Kurlavi¢ius P (2017) The capercaillie
(Tetrao urogallus): an iconic focal species for knowledge-based integrative management and con-
servation of Baltic forests. Biodivers Conserv 26:1-21

Ldhmus A, Lohmus P, Runnel K (2018a) A simple survey protocol for assessing terrestrial biodiversity
in a broad range of ecosystems. PLoS ONE 13:0208535

Lohmus A, Vunk E, Runnel K (2018b) Conservation management for forest fungi in Estonia: the case of
polypores. Folia Cryptogam Est 55:79-89

Lohmus A, Kont R, Runnel K, Vaikre M, Remm L (2020) Habitat models of focal species can link ecol-
ogy and decision-making in sustainable forest management. Forests 11:721

McCarthy DP, Donald PF, Scharlemann JP, Buchanan GM, Balmford A, Green JM, Bennun LA, Burgess
ND, Fishpool LD, Garnett ST, Leonard DL (2012) Financial costs of meeting global biodiversity
conservation targets: current spending and unmet needs. Science 338:946-949

McCune B, Mefford MJ (2011) PC-ORD: multivariate analysis of ecological data, version 6.0. MjM
Software, Gleneden Beach, OR

McGowan J, Beaumont LJ, Smith RJ, Chauvenet AL, Harcourt R, Atkinson SC, Mittermeier JC,
Esperon-Rodriguez M, Baumgartner JB, Beattie A, Dudaniec RY (2020) Conservation prioritiza-
tion can resolve the flagship species conundrum. Nat Commun 11:994

Nitare J (ed) (2000S) Signalarter—indikatorer pa skyddsvird skog: flora 6ver kryptogamer. Skogssty-
relsens Forlag, Jonkoping

Padari A (2004) Forest assessment software “RaieWin”. Master thesis, Estonian Agricultural University,
Tartu

Paillet Y, Berges L, Hjiltén J, Odor P, Avon C, Bernhardt-Romermann MA, Bijlsma RJ, De Bruyn LU,
Fuhr M, Grandin UL, Kanka R, Lundin L, Luque S, Magura T, Matesanz S, Mészéros I, Sebastia
MT, Schmidt W, Standovar T, Tothmérész B, Uotila A, Valladares F, Vellak K, Virtanen R (2010)

@ Springer



Biodiversity and Conservation (2021) 30:3647-3664 3663

Biodiversity differences between managed and unmanaged forests: meta-analysis of species rich-
ness in Europe. Conserv Biol 24:101-112

Palo A, Gimbutas M (2017) Successional dynamics of tree composition in mixed boreo-nemoral stands
from Habitat Directive Annex I forest types ¥9020, 9050, 9060, *9010. Balt For 23:546-555

Palo A, Ivask M, Liira J (2013) Biodiversity composition reflects the history of ancient semi-natural
woodland and forest habitats—compilation of an indicator complex for restoration practice. Ecol
Indic 34:336-344

Pirtel M, Kalamees R, Reier U, Tuvi EL, Roosaluste E, Vellak A, Zobel M (2005) Grouping and prior-
itization of vascular plant species for conservation: combining natural rarity and management need.
Biol Conserv 123:271-278

PlutoF (2017) PlutoF platform reference-based occurrences. Version 1.11. Occurrence Dataset. https://
doi.org/10.15468/e15jve

Randlane T, Saag A, Suija A (2019) Lichenized, lichenicolous and allied fungi of Estonia. http://esamba.
bo.bg.ut.ee/checklist/est/home.php. Accessed 31 Dec 2019

Reier U, Tuvi EL, Pértel M, Kalamees R, Zobel M (2005) Threatened herbaceous species dependent on
moderate forest disturbances: a neglected target for ecosystem-based silviculture. Scand J For Res
20(S6):145-152

Remm L, Lohmus P, Leis M, Lohmus A (2013) Long-term impacts of forest ditching on non-aquatic
biodiversity: conservation perspectives for a novel ecosystem. PLoS ONE 8:¢63086

Remm L, Riinkla M, Lohmus A (2018) How bilberry pickers use Estonian forests: implications for sus-
taining a non-timber value. Balt for 24:287-295

Roberge JM, Angelstam P (2004) Usefulness of the umbrella species concept as a conservation tool.
Conserv Biol 18:76-85

Rosenvald R, Lohmus A (2003) Nesting of the black stork (Ciconia nigra) and white-tailed eagle (Hali-
aeetus albicilla) in relation to forest management. For Ecol Manag 185:217-223

Rosenvald R, Lohmus A, Kraut A, Remm L (2011) Bird communities in hemiboreal old-growth forests:
the roles of food supply, stand structure, and site type. For Ecol Manag 262:1541-1550

Runnel K, Lohmus A (2017) Deadwood-rich managed forests provide insights into the old-forest asso-
ciation of polypores. Fungal Ecol 27:155-167

Runnel K, Miettinen O, Lohmus A (2021) Polypore fungi as a flagship group to indicate changes in
biodiversity—a test case from Estonia. IMA Fungus 12:2

Seddon PJ, Soorae PS, Launay F (2005) Taxonomic bias in reintroduction projects. Anim Conserv
8:51-58

Sellis U (2000) Will the Black stork remain to breed in Estonia? Hirundo 13:19-30

Sellis U (2018) Black stork (Ciconia nigra). In: Kuus A, Leibak E, Elts J (eds) Estonian breeding bird
atlas. Estonian Ornithological Society, Tartu, pp 166-167

Simberloff D (1998) Flagships, umbrellas, and keystones: is single-species management passé in the
landscape era? Biol Conserv 83:247-257

Simild M, Kouki J, Monkkonen M, Sippola AL, Huhta E (2006) Co-variation and indicators of species
diversity: can richness of forest-dwelling species be predicted in northern boreal forests? Ecol Indic
6:686-700

Spies TA, Long JW, Charnley S, Hessburg PF, Marcot BG, Reeves GH, Lesmeister DB, Reilly MJ, Cer-
veny LK, Stine PA, Raphael MG (2019) Twenty-five years of the Northwest Forest Plan: what have
we learned? Front Ecol Environ 17:511-520

Strazds M (2003) Longevity of black stork (Ciconia nigra) nests and nest site protection in Latvia. Aves
40:69-70

Timonen J, Siitonen J, Gustafsson L, Kotiaho JS, Stokland JN, Sverdrup-Thygeson A, Monkkénen M
(2010) Woodland key habitats in northern Europe: concepts, inventory and protection. Scand J For
Res 25:309-324

Tingstad L, Grytnes JA, S@tersdal M, Gjerde I (2020) Using Red List species in designating protection
status to forest areas: a case study on the problem of spatio-temporal dynamics. Biodivers Conserv
29:3429-3443

Treinys R, Stoncius D, Augutis D, Skuja S (2009) Breeding habitat of the black stork Ciconia nigra in
Lithuania: implications for conservation planning. Balt For 15:33-40

Vili U, Vaan PK (2020) Greenish warbler (Phylloscopus trochiloides viridanus): an overlooked indicator
of old-growth forest? Ornis Fenn 97:165-176

Van Wagner CE (1968) The line intersect method in forest fuel sampling. For Sci 14:20-26

Vellak K, Ingerpuu N, Leis M, Ehrlich L (2015) Annotated checklist of Estonian bryophytes. Folia
Cryptog Est 52:109-127

@ Springer


https://doi.org/10.15468/e15jve
https://doi.org/10.15468/e15jve
http://esamba.bo.bg.ut.ee/checklist/est/home.php
http://esamba.bo.bg.ut.ee/checklist/est/home.php

3664 Biodiversity and Conservation (2021) 30:3647-3664

Wilcox BA (1984) In situ conservation of genetic resources: determinants of minimum area require-
ments. In: McNeely JA, Miller K (eds) National parks, conservation and development: the role of
protected areas in sustaining society. Smithsonian Institution Press, Washington, DC, pp 639-647

Zielinski P, Stopczyniski M, Janic B, Gapys A, Baribura J (2011) Is the zonal protection of the Black Stork
Ciconia nigra breeding places sufficient? Studia i Mater Cent Edukac Przyrodniczo-Lesnej 13:49-56

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

@ Springer



	Value of a broken umbrella: abandoned nest sites of the black stork (Ciconia nigra) host rich biodiversity
	Abstract
	Introduction
	Material and methods
	The study system
	Data collection
	Data analyses

	Results
	Biodiversity in the black stork nest sites
	Plants and fungi of conservation concern in the nest sites

	Discussion
	Practical conclusions
	Acknowledgements 
	References




