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ANNOTATION

The author analysed some aspects important in the conservation ecology of
owls in Latvia between 1990 and 2021. This analysis includes owl diet, popu-
lation dynamics of the main owl prey items (small mammals), owl breeding
performance and population trends, as well as species distribution modeling to-
gether with site prioritisation for conservation. The last set of analyses was first
developed on the Pygmy Owl and further applied to other owl species and also
to woodpeckers, as these taxonomic groups are ecologically associated. Thus,
allowing for a broader ecological perspective for evaluation of forest protection
in Latvia and of the existing conservation area network.

The populations of small mammals showed cyclicity in the late 20* and early
21* centuries, but cycles have been dampened since approximately 2004. This
had different numeric responses in different owl species, with stronger declines
in more vole-specialised and forest-dwelling species. Owl habitat suitability
revealed an association of habitats with higher vole densities and preference for
owls, indicating cumulative effects of land use and habitat management on owls
directly and via pressures on voles. Therefore, the spatially explicit importance
of habitat conservation for owl protection was suggested by site prioritisation
for conservation.

The majority of priority sites for owl and woodpecker conservation were
outside existing nature conservation areas. Furthermore, more than 37% of for-
ests in nature conservation areas appeared to have low importance for mature
and less-managed forest specialist owls and woodpeckers. Analysis of preference
and priority sites for species conservation location suggested the most suitable
conservation regime being nature reserve and strict nature reserve with forbid-
den forestry.

The thesis is one of few studies on owl ecology in the boreo-nemoral re-
gion and the first one during a prolonged period of dampened small mammal
populations. Furthermore, the introduced conservation planning approach can
be extended to broader regions and other ecosystems (with appropriate model
species selection).
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INTRODUCTION

Topicality of the study

The importance of evidence-based practice in biodiversity conservation is
well known. Nevertheless, access to necessary evidence is challenging (Sutherland
et al., 2004; Stewart et al., 2005; Gutzat and Dormann, 2020; Hoffmann, 2022;
Angelstam et al., 2023). In this study, I provide an ecological niche analysis-based
workflow for site prioritisation for natural capital management planning. As a
model organism examined while developing the workflow, I use a mature forest
specialist species — Eurasian Pygmy Owl Glaucidium passerinum. For practical
conservation needs, I applied the workflow on a group of species with various
levels of habitat specialisation with many recognised as biodiversity indicators and
nature conservation umbrella species — owls (Sergio et al., 2006, 2005; Korpiméki
and Hakkarainen, 2012; Brambilla et al., 2013; Rueda et al., 2013; Pakkala et al,,
2014; Penteriani and del Mar Delgado, 2019). Due to high ecological associa-
tion of owls and woodpeckers and high biodiversity indicator value of the latter
(Angelstam and Mikusinski, 1994; Fayt, 2004; Bobiec et al., 2005; Virkkala, 2006;
Czeszczewik, 2009; Rueda et al., 2013; Pakkala et al., 2014; Virkkala et al., 2022)
in fourth chapter of thesis, I evaluated results on both groups, thus covering the
majority of most important forest conservation umbrella bird species.

To reduce noisy interpretations of habitat suitability analysis due to the strong
functional and numerical response of owls to the availability of their main prey -
voles (see Ratajc et al., 2022 and Avotins et al., 2023, and references therein), this
association was investigated. My research proves the depletion of the population
cycles of small mammals in Latvia, highlighting the importance of taking into
account predator-prey relationships in species conservation planning.

Scientific novelty

This study is the first from the boreo-nemoral region to quantify the ef-
fects of depleted small mammal populations on the dynamics of owl population
size and breeding performance. One of the important results suggests a strong
carry-over effect of the abundance of small mammals in the previous autumn
on the breeding performance of the Eagle Owl. Habitat association of the most
important small mammals for the owl species with declining populations or
negative trends in breeding performance, correspond to the most important
habitats for owls, suggesting the importance of habitat conservation.

The developed workflow not only provides an evaluation of habitat suit-
ability but also provides evidence for the importance of different conservation
regimes with respect to forestry restrictions, thus evaluating the existing nature
conservation network. Furthermore, the implementation of the workflow cover-
ing six owl and seven woodpecker species should be considered a comprehensive



result of forest prioritisation for nature conservation. Besides, this approach can
be extended to other ecosystems and wider regions.

The hypothesis of the thesis

Owl species with a higher level of specialisation on the voles and narrower
food niches have a stronger negative numerical response to the dampening of
the small mammal population cycles. These species are more associated with
certain habitat or landscape features, that need to be conserved, in order to
protect the owl species and ecosystem values indicated by them.

Aim of the thesis

The overarching aim of the thesis is to provide an information basis for bet-
ter nature conservation planning and management of natural capital in Latvia,
using owls as model organisms.

Tasks of the thesis

The following tasks were defined:

1. To quantify the dynamics of owl population change at the national level and
to describe their breeding performance.

2. To analyse the importance of the dampening of the small mammal popula-
tion cycles on owl populations.

3. To develop and test a workflow for ecologically meaningful spatially explicit
conservation planning.

4. 'To suggest priority areas for forest biodiversity conservation while evalua-
ting the importance of existing nature conservation regimes.

List of original publications

This thesis is based on the following articles:

I Avotins, A., Avotins sen., A., Kerus, V., Aunins, A., 2023. Numerical
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in Latvia. Life 13, 572. doi:10.3390/1ife13020572.

IT Vrezec, A., Saurola, P., Avetins, A., Kocijancic, S., Sulkava, S., 2018. A com-
parative study of Ural Owl Strix uralensis breeding season diet within its
European breeding range, derived from nest box monitoring schemes. Bird
Study. doi:10.1080/00063657.2018.1553026.

IIT Avotins, A., Kerus, V., Aunins, A., 2022a. National scale habitat suitability
analysis to evaluate and improve conservation areas for a mature forest
specialist species. Global Ecology and Conservation 38. doi:10.1016/j.gec-
c0.2022.e02218.

IV Avotins, A., Kerus, V., Aunins, A., 2022b. Ecogeographical variable dataset
for species distribution modelling, describing forest landscape in Latvia,
2017. Data in Brief 44. doi:10.1016/j.dib.2022.108509.
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Practical applications of the thesis results

The most important application of this thesis is the official approval of the
conservation action plans for six owl and seven woodpecker species in Latvia.
These two documents contain the results of habitat suitability analysis, site
prioritisation for species conservation and evaluation of the existing nature
conservation network in Latvia. This is important as documents are not only
officially approved, but they are also at least partially implemented, resulting in
mandatory detailed site inventories before industrial development (e.g. wind-
farms) and more stringent spatial planning procedures. Furthermore, these re-
sults are implemented through several nationally funded projects for Eagle Owl
conservation. Slightly modified approaches are used in conservation planning in
fisheries (project “Research of marine protected habitats in EEZ and determi-
nation of the necessary conservation status in Latvia” LIFE19 NAT/LV/000973
“Life Reef”) and bird species evaluation for conservation and threatened status
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(project “Threatened species in Latvia: improved knowledge, capacity, data and
awareness’ LIFE19GIE/LV/000857 “Life for Species”).

Besides above, the implementation of the habitat suitability modelling and

site prioritisation workflow for dozens of bird and tens of other animal species
is introduced in two project proposals aiming at broader analysis and sugges-
tions for more robust nature conservation network evaluation and suggestions
of most important sites for targeted nature conservation.

Projects during the doctoral thesis preparation (related to owls or
biodiversity conservation)

L.

10.

Improvement of monitoring methods and habitat suitability analysis of
Northern Goshawk Accipiter gentilis, joint stock company Latvian State
forests, 2023- currently, project leader, data analyst.

. Research of marine protected habitats in EEZ and determination of the

necessary conservation status in Latvia, LIFE19 NAT/LV/000973, 2022 -
currently, researcher.

. Threatened species in Latvia: improved knowledge, capacity, data and

awareness, LIFE19GIE/LV/000857, 2021 - currently, expert.
Monitoring for Birds of Prey and Owls, State biodiversity monitoring pro-
gram, 2014 - currently, project leader, expert.

. Species conservation action plan for species group Woodpeckers, a part of

EU cohesion fund project No. 5.4.2.1/16/1/001, 2019-2020, data analyst.
Analysis of bird populations for the report of Article 12 of the Birds
Directive, State funded, 2019, data analyst.

Bird populations in Latvias Natura 2000 sites, State funded, 2017-2019,
expert, data analyst.

Species conservation action plan for species group Owls, a part of EU
cohesion fund project No. 5.4.2.1/16/1/001, 2017-2019, project leader, data
analyst.

Information on the specially protected species Northern Birch Mouse
Sicista betulina, Latvian environmental protection fund administration,
2016-2017, project leader, data analyst.

The value and dynamic of Latvias ecosystems under changing climate
“EVIDENT”, State research program for 2014-2017, 2016-2018, scientific
assistant.
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1. THEORETICAL BACKGROUND

11. Owls in Latvia

Of 13 owl species ever recorded in Latvia, only six are regularly (on an annual
basis) breeding - Eurasian Pygmy Owl Glaucidium passerinum (hereinafter,
GLAPAS), Boreal Owl Aegolius funereus (AEGFUN), Long-eared Owl Asio
otus (ASIOTU), Tawny Owl Strix aluco (STRALU), Ural Owl Strix uralensis
(STRURA), Eagle Owl Bubo bubo (BUBBUB). Most of those species are mainly
nocturnal (with the exception of GLAPAS, which is crepuscular) with a hidden
lifestyle. Therefore, these species were poorly studied until the second half of
20™ century in Europe (see Mikkola, 1983 for an overview) and even later in
Latvia (see Avotin$ jun., 2019 for an overview). Many comprehensive studies
detailing breeding biology, population ecology, as well as habitat selection and
even nature conservation planning have been published since then, particularly
from the boreal zone of Northern Europe (see Korpiméki and Hakkarainen,
2012; Mebs and Scherzinger, 2000; Mikkola, 1983; Penteriani and del Mar
Delgado, 2019 for overview). However, very few studies are from the boreo-
nemoral region, particularly the Baltic States, including Latvia. The onset of owl
studies in Latvia can be dated to the late 1980s, when the first sample areas
with nocturnal census and nest searches were established (Avotin$ sen., 2000,
1999a, 1999b, 1996, 1991, 1990a, 1990b, 1989; Avotins sen. et al., 1999; Avotins
sen. and Kemlers, 1993). These formed the knowledge basis and foundation
for population monitoring nowadays (Avotin$ and Reihmanis, 2020), citizen
science projects and this thesis.

Table 1

Population size, short-term, long-term change of population size and Red List
category (based on Eionet, 2020 and Kerus et al., 2021)

Species  Population size (95% Short-term trend Long-term trend Red List
CI) (2007-2018) (period) category
GLAPAS 5883 (3671-9464) -23% -58% (2003-2018)  Vulnerable
AEGFUN 1991 (1088-3651) 77% -92% (1990-2018)  Endangered
ASIOTU 6788 (3766-12362) -26% -11% (1990-2018)  Vulnerable
STRALU 16604 (12512-23925) 31% -22% (1990-2018)  Least
concern
STRURA 3033 (1825-5381) -48% 44% (1990-2018) Vulnerable
BUBBUB 24 (8-73) -30% Unknown (1980-2018) Critically
endangered
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Some of the most notable citizen scientist studies in Latvia involve breeding
bird distribution atlases (1980-1984, 2000-2004, 2013-2017 and their compari-
son) results (Fig. 1), as well as a rather comprehensive population monitoring,
providing information on the population size and its temporal change, that is
used in the reports on the Article 12 of the Birds Directive (Table 1). These
two sets of information allow for the evaluation of the Red List category, based
on IUCN regional criteria (Table 1). As can be seen, most of the owl species
are threatened and with declining populations. However, population sizes are
relatively large (Table 1), and the known distribution covers most of the country
(except for STRURA that has nearly no observations in the Western part of
Latvia; Fig. 1).

@ (®)

(c) (d)

(e ®

Figure 1. Registered breeding distribution and its change in two breeding bird atlases
(2000-2004 and 2013-2017) of six owl species in Latvia: (a) GLAPAS, (b) AEGFUN,
(c) ASIOTU, (d) STRALU, (e) STRURA, (f) BUBBUB. Reduction with red, increase

with blue, presence in both periods with orange (Kerus et al., 2021).
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According to the European breeding bird atlas results (Keller et al., 2020)
Latvia lies within the continuous distribution range of every species analysed in
this thesis. Analysis of climatic niche at the European level suggests favourable
climatic niche of every owl species in Latvia currently and until the end of the
21* century (Huntley et al., 2007).

The declining populations and poor conservation status are reasons for
studies on species conservation ecology. The importance of such studies is sup-
ported by the fact that many owl species are considered biodiversity indicators,
biodiversity rich habitat specialists and even umbrella species in nature conser-
vation (Sergio et al., 2006, 2005; Korpimdki and Hakkarainen, 2012; Brambilla
et al,, 2013; Rueda et al., 2013; Pakkala et al., 2014; Penteriani and del Mar
Delgado, 2019). However, owls have strong functional and numerical response
to fluctuating abundance of the small mammals, particularly voles, in nature,
which need to be accounted for when dealing with owl conservation planning.

1.2. Importance of voles in ecosystems and owl population
processes

Small mammals play a pivotal role in ecosystem functioning and various
ecological processes. Their impact spans from influencing natural succession
(McCaffery et al., 2020) to shaping the composition and chemistry of plant
and microorganism communities (Moorhead et al., 2017), and affecting de-
mographic processes of their predators (Solonen, 2005; Karell et al.,, 2009;
Lehikoinen et al., 2011; Saurola and Francis, 2018). Notably, the effects of small
mammals on the demography of birds of prey are so profound that analysing
the breeding performance of the latter can unveil significant spatial-temporal
patterns in the former (Sundell et al., 2004). In boreal regions, small mam-
mal populations exhibit distinct cyclic patterns over extensive time periods
and distances (Hansson and Henttonen, 1985; Lindén, 1988; Sundell et al.,
2004). Such synchrony of cycles is also observed in Western Europe (Lambin
et al., 2006) and the boreo-nemoral region encompassing the Baltic states (Vali
and Ténisalu, 2020; Balciauskas and Balciauskiené, 2022a; Balciauskas and
Balc&iauskiené, 2022b).

There is substantial evidence highlighting the significance of small mam-
mals, especially voles, for owls. Voles are a significant component of the owl
diet, ranging from vole-specialized species such as the ASIOTU (Village, 1981;
Tome, 2003; Balc¢iauskiené et al., 2006; Birrer, 2009; Tome, 2009) and AEGFUN
(Korpiméki and Hakkarainen, 2012), to more generalist species such as the
GLAPAS (Mikkola, 1983; Masoero et al., 2020), STRURA (Mikkola, 1983; Vrezec
et al.,, 2018), STRALU (Mikkola, 1983; Bal¢iauskiené et al., 2006; Grasyté et al.,
2016), and BUBBUB (Penteriani and del Mar Delgado, 2019). Additionally, voles
play a crucial role in promoting higher breeding performance (Mikkola, 1983;
Lehikoinen et al., 2011), survival rates (Village, 1981; Solheim, 1984; Korpimaki
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and Hakkarainen, 1991; Brommer et al., 2002; Hakkarainen et al., 2002; Saurola
and Francis, 2004; Tome, 2011; Pavon-Jordan et al., 2013; Masoero et al., 2020b),
and affecting owl behaviour (Kontiainen et al., 2009), migratory decisions
(Korpimiki and Hakkarainen, 2012), and life history through carry-over effects
(Brommer et al., 2004). Most of the research on this subject has been conducted
in cyclic environments of Fennoscandia, with limited studies from the Baltic
states (but see Bal¢iauskiené et al., 2006 and Grasyté et al., 2016).

1.3. The role of owls in nature conservation

Many owl species studied in this thesis are associated with more natural
landscapes and less managed features. For example, ASIOTU prefers agricul-
tural landscape with long field-forest edges, domination of grasslands or other
extensively managed fields with high abundance of different landscape features
(Wijnandts, 1984; Galeotti et al., 1997; Glue and Nilsson, 1997; Holt, 1997;
Butet and Leroux, 2001; Martinez and Zuberogoitia, 2004; Aschwanden et al,,
2005; Sergio et al., 2008). The preference for less managed areas is even stronger
in forest dwelling species, to whom even local habitat structural diversity and
site-conservation history is important, like GLAPAS (Strom and Sonerud, 2001;
Ciach, 2005; Shurulinkov et al., 2007; Pacenovsky and Sotnar, 2010; Baroni et al.,
2021, 2020), AEGFUN (Sorbi, 1995; Ravussin et al.,, 2001; Shurulinkov and
Stoyanov, 2006; Hakkarainen et al., 2008, 1997; Korpiméki and Hakkarainen,
2012; Santangeli et al., 2012; Brambilla et al., 2013) and STRURA (Lahti, 1972;
Sonerud, 1986; Priednieks et al., 1989; Lohmus, 2003; Vrezec, 2003; Tuule et al.,
2007; Tutis et al., 2009; Bylicka et al., 2010). Even the distribution and large-scale
persistence of forest species is linked to landscape-level management, i.e., forest
fragmentation (Rueda et al., 2013). Besides associations between owl species
and habitats important in nature conservation, owls as predators are recognised
and proved in field studies as biodiversity indicators and umbrella species in
forest biodiversity conservation (Sergio et al., 2006, 2005; Pakkala et al., 2014).
Even more, these habitats are important in the mitigation of climate change
(Chen et al., 1995, 1993; Frey et al., 2016) and its induced species range shifts
(Lehikoinen et al., 2018).

As such, multiple owl species are included in nature protection legislation at
European (Directive 2009/147/EC of the European Parliament and the Council
adopted 30 November 2009 on the conservation of wild birds (Birds Directive))
as well as national (Latvia; Cabinet of Ministers regulation No. 396 adopted
14 November 2000 on “Noteikumi par ipa$i aizsagdjamo sugu un ierobeZoti
izmantojamo Ipasi aizsargajamo sugu sarakstu” [Regulations Regarding the List
of Specially Protected Species and Limitedly Used Specially Protected Species
List]; Cabinet of Ministers regulation No. 211 adopted 27 March 2007 on
“Noteikumi par putnu sugu sarakstu, kuram pieméro ipasus dzivotnu aizsadzibas
pasakumus, lai nodrosinatu sugu izdzivo$anu un vairosanos izplatibas areala”
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[Regulations Regarding the List of Bird Species, to which Special Habitat
Conservation Management to Ensure Survival and Reproduction within its
Distribution Range is Applicable]; Cabinet of Ministers regulation No. 940
adopted 18 December 2012 on “Noteikumi par mikroliegumu izveido$anas un
apsaimniekosanas kartibu, to aizsardzibu, ka ari mikroliegumu un to buferzonu
noteiksanu” [Regulations Regarding the Establishment and Management of
Micro-reserves, their Conservation, as well as Designation of Microreserves
and Their Buffer Zones]) level. Nevertheless, from at least 20 bird species found
underrepresented in the Europe-wide nature conservation network known as
Natura 2000 (hereinafter — N2k), nine are forest dwelling species, and four of
them are owls (Van Der Sluis et al., 2016).

1.4. The Natura 2000 network and forest conservation
in Latvia

In Latvia, a member of the European Union, the network of nature con-
servation areas (NCA) primarily consists of N2k sites, which form the largest
network of protected areas globally (Evans, 2012). Extensive research has shown
that the N2k network has positively impacted bird populations, including spe-
cies listed in Annex 1 of the Birds Directive (Donald et al.,, 2007), nationally
protected species (Opermanis et al., 2008), and non-target species (Pellissier
et al,, 2019). However, there is considerable variation in the coverage of the N2k
network among different European Union member states (Evans, 2012; Gruber
et al., 2012).

Despite its achievements, the N2k network has faced criticism due to in-
adequate implementation, resulting in gaps in habitat and species conservation
(Jantke et al., 2011; Gruber et al., 2012; Van Der Sluis et al., 2016). Furthermore,
principles governing site designation are inconsistent across member states
and may lack proper governance (Apostolopoulou and Pantis, 2009; Ioj et al.,
2010; Grodzinska-Jurczak and Cent, 2011). The N2k network has occasionally
suffered from shortcomings in the use of ecologically and statistically robust
site selection methods (Gruber et al, 2012; Moilanen and Arponen, 2011).
Additionally, a lack of necessary governance has led to inappropriate manage-
ment practices that have contributed to declines in biodiversity (Tsiafouli et al.,
2013; Kallimanis et al., 2015; Rada et al., 2019).

Studies have revealed that approximately 86% of N2k sites in Latvia are
affected by agriculture and forestry activities, with forestry being the dominant
human activity present in about 59% of these sites (Tsiafouli et al., 2013). This
is possible due to functional zones with different site management restrictions
(Table 2). The variability of forestry restrictions registered in the stand level
inventory database “Forest State register” at different functional zones of Latvias
N2k sites is available in Table 2 and Table 3.
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Table 3 shows that forestry restrictions occur not only in N2k sites — approx.
3.98% of forest lands (forest stands and clearcuts) have forestry restrictions even
though they are outside N2k network. It can also be seen that large proportion
(approx. 11.9% of total forest land (forest stands and clearcuts)) of protected
areas have less restrictions, than anticipated by general regulation. This high-
lights potential mismatch between site designation targets and practical applica-
tions, e.g. a formal conservation, that cannot meet its goal. To evaluate sites of
conservation gaps and inappropriate management practices, species distribution
modelling is proposed (Guisan et al., 2013).

Table 2

Description of nature conservation regimes according to forestry restrictions and
their area proportion of the country, NCA and N2k. Summary based on spatial
layers provided by the Nature Conservation Agency in 2018

Regime Description Proportion Proportion Proportion
of country  of NCAs of N2k
(%) (%) (%)
Neutral zone  The same forestry regulation as 4.34 22.63 3.54
outside NCAs
Landscape In some areas, seasonal (from 15% 5.66 31.27 29.36
protection of March to 31* of July) ban on
area logging. Otherwise mainly regulates
the size of clear-cuts, typically up
to 3ha. Clear-cut forbidden in some
forest types
Nature Park  In some areas, seasonal (from 15" 2.80 14.77 24.43
of March to 31* of July) ban on
logging, clear-cuts and creation
of openings larger than 0.1ha
forbidden, other cuts (including
final felling) are allowed
Nature Seasonal forestry restrictions (from 3.63 17.75 29.38
Reserve 15" of March to 31* of July), in
most of the areas final felling and
improvement felling is forbidden in
any forest stand and selective felling
in stands exceeding half of the legal
age for final felling
Strict Nature  Forestry is forbidden 1.29 6.88 11.39
Reserve
Micro-reserve Seasonal (depending on target 0.69 3.16 0.27
buffer zone species) ban on forestry activity
Micro- Forestry is forbidden (with 0.67 3.54 1.63
reserves exceptions), small area
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Table 3

Forestry restrictions (proportion (%) of national forest land (forest stands and
clearcuts)) at different functional zones of Latvia’s N2k sites (and micro-reserves) at
2017. Cells denoting less restriction than expected (Cabinet of Ministers regulation

No. 264 adopted 16 March 2010 on “Ipasi aizsargajamo dabas teritoriju visparéjie

aizsardzibas un izmantosanas noteikumi” [General Regulations on Protection and
Use of Specially Protected Nature Territories] and Cabinet of Ministers regulation
No. 940 adopted 18 December 2012 on “Noteikumi par mikroliegumu izveidosanas
un apsaimniekos$anas kartibu, to aizsardzibu, ka ari mikroliegumu un to buferzonu
noteik$anu” [Regulations Regarding the Establishment and Management of Micro-
reserves, their Conservation, as well as Determination of Microreserves and Their

Buffer Zones]) are shaded in grey with lighter grey indicating some exceptions

= = -
=] =} =]
& & > g
E g §E g g 5 3
5 oS g & ¥ ] < ¥ = 2 g
= S E S W= S S = g - ]
s g 2§ 2 £ § 2 £ = E g = =
28 EZ E2E EE EE i s
= R = & Z &S AR & S @ & Z
Not protected 0.25 0.04 0.32 331 0.06 74.82
Micro-reserve 1.31 0.0004 0.0006 0.004 0.008 0.016
Micro-reserve$ 0.04 0.006 0.006 0.02 1.10 0.04
buffer zone
Neutral zone 0.01 0.004 0.01 0.17 0.0006 4.13
Landscape 0.06 0.19 0.17 0.78 0.0008 5.65
protection zone
Nature park 0.02 0.02 0.06 1.56 0.02 0.93
Nature reserve 0.17 1.58 0.93 0.61 0.002 0.04
Strict nature 131 0.17 0.06 0.004 0 0.02
reserve
Forest lands in 3.17 2.00 1.55 6.46 1.19 85.64

total

1.5. Species distribution modelling and site prioritisation for
conservation

In conservation biology and biogeography, an important technique involves
predicting the geographic distributions of species based on the environmen-
tal conditions of known occurrence sites (Phillips et al., 2004). However, the
abundance of presence-only data from natural history collections and citizen
science projects (Gomes et al., 2018), along with the lack (Graham et al., 2004)
or questionable quality (Anderson et al., 2003) of absence data, has necessi-
tated the development of presence-only data analysis methods. Among these
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methods, maximum entropy analysis (Phillips et al., 2006) has gained popularity
and outperformed similar approaches when applied responsibly (Phillips et al.,
2009; Warren et al., 2010; Warren and Seifert, 2011; Elith et al., 2011; Morales
et al,, 2017).

When dealing with datasets that contain information on the abundance of
species, traditional biostatistical modelling methods like Poisson regressions
may lead to problems due to imperfect detection, resulting in underestimated
distributions or abundances. To address the imperfect detection of unmarked
animals, hierarchical latent variable modelling methods have been developed,
enabling separate modelling of detection processes from ecological processes
(Kéry, 2011; Dénes et al., 2015). These methods allow for accounting for differ-
ences in detection related to census conditions and detection probability based
on the observer’s distance (Kéry and Royle, 2016). However, their application is
contingent on a statistically robust sampling design (Buckland et al., 2004; Kéry
et al.,, 2008). Recent advancements in computational biology have led to the
development of the joint species distribution modelling (JSDM) system, which
integrates phylogenetic relationships, traits, and co-occurrences with more com-
mon species, accounting for abundances of rare species in relation to a shared
environment (Ovaskainen and Abrego, 2020).

The resulting outputs from the described analysis methods, such as habitat
suitability and density distribution maps, can be combined (Gomes et al., 2018)
within a framework and software for prioritizing conservation sites (Moilanen
et al., 2005, 2009). The integration of habitat suitability and site prioritization
methods provides a powerful tool for evaluating the existing protected area
network and suggesting improvements.
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2. MATERIALS AND METHODS

2.1. Population dynamics of the main owl prey - the small
mammals (Article 1)

The survey of small mammal populations was conducted using snap-traps
from 1991 to 2016. Two monitoring schemes were employed: the first in-
volved two transects per site, one in a forested area and another in a grassland
(Scheme 1). The second scheme included 11 transects per site, with one in
grassland and ten in various forest habitats (Scheme 2).

Scheme 1 was officially carried out between 1991 and 2011. Each transect
was equipped with 100 snap-traps (placed aprox. 5 m apart) during the autumn
season (August-September) for a duration of three to four days. Volunteers
partly repeated this monitoring during 2015-2016. The entire scheme was
implemented in four sites, but not all sites were monitored every year.

Scheme 2, carried out by volunteers during the autumn seasons of 2012—
2016, involved 20-25 snap-traps per transect, spaced approximately 5 meters
apart, and distributed across four areas. However, not all areas were monitored
every year. The forest transects were categorized based on soil fertility (two
groups), drainage (drained vs. non-drained), and stand age (<7 years, <80% of
the rotation age, > = 80% of the rotation age), utilizing data from the State
Forest Registry (stand level inventories).

Possible differences in peaks and depressions were evaluated with graphical
analysis of the raw data and generalized linear mixed effects models (GLMMs)
with Poisson family and log-link function (Zuur et al, 2009). As no differ-
ences between areas were observed, all the data were combined for population
level index with TRIM (full time-effects model; Pannekoek and Strien, 2005;
Pannekoek et al., 2018) in three sets of species groups:

1) pooled for all the small mammals trapped,

2) Bank Vole Clethrionomys glareolus,

3) voles from genus Microtus. For more information, see Article I of the

thesis (Avotins et al., 2023a).

2.2. Diet and food niche of owls
(Articles 1 and I1I)

Owl dietary analysis was conducted by examining prey remnants and pel-
lets recovered from nests or their vicinity. Only data from a single breeding
event were used, obtained through annual inspections of nest-boxes and cavities
(GLAPAS, AEGFUN, STRALU, STRURA), or by considering that pellets would
not persist for extended periods in open nests or on the ground (in the case
of ASIOTU). The collection of materials took place during autumn or winter
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from nest-boxes and cavities, and during chick ringing visits from ASIOTU
nests. During the material collection process, all soft contents of nest-boxes
and cavities were carefully extracted, and for ASIOTU, all usable materials were
gathered.

First, I calculated Levin’s niche breadth (FNB; Smith, 1982) to describe the
level of specialisation of each owl species (with bootstrapped 95% CI; hereinafter
95% bCI) and estimated its change over time with linear regression (LM) and
linear mixed effects modelling (LMM; Zuur et al., 2009). Next, I used generalized
linear and generalized linear mixed models (GLMs and GLMMs) with binomial
family and logistic link function (Zuur et al., 2009) to relate biomass proportion
of Bank Voles and Microtus voles in owl’s diet with estimated population indices
to describe prey preference.

For more information, see Articles I and II of the thesis (Vrezec et al., 2018;
Avotins et al., 2023).

2.3. Population size dynamics and breeding performance
of owls (Article I)

Owl population monitoring to assess changes over time was carried out
using territory mapping with playback broadcasting (Avotins sen., 2000, 1999a,
1996; Avotins$ sen. et al., 1999; Avotin$ sen. and Kemlers, 1993), in designated
permanent sample areas from 1991 to 2020. Additionally, fully standardized
point-counts, incorporating playback broadcasting, were conducted as part of
the national Breeding Birds of Prey Monitoring program during the years 2015
to 2021 (Avotin$ and Reihmanis, 2020).

Data from both monitoring programs were pooled to create a population
level index with TRIM (full time-effects model), providing yearly indices as well
as overall population change (Pannekoek and Strien, 2005; Pannekoek et al.,
2018). To evaluate the effect of dampening of small mammal population cycles,
I compared owl population trends before and after the year 2004 (1991-2004
and 2004-2016 respectively), which was the last year of strongly peaking small
mammal dynamics. I conducted a linear regression analysis on In-transformed
yearly indices of relative owl population size (Sokal and Rohlf, 1995). Whereas
to evaluate the effect of the small mammal abundance on owl’s breeding per-
formance, I used two sets of Spearman’s rank correlation analysis (Sokal and
Rohlf, 1995):

1) breeding performance and small mammal population indices in the

year of breeding to describe adaptability; and

2) breeding performance and small mammal population indices one year

before to evaluate a possible carry-over effect.

The overall description of owl’s breeding performance was calculated as
mean and 95% bCI. For more information, see Article I of the thesis (Avotins
et al., 2023a).
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2.4, Pan-European comparison of diet and breeding performance
of the Ural Owl (Article II)

Data on the breeding performance (brood size) and diet were compared
between Slovenia, Latvia and Southern Finland (split into good and bad years
based on breeding performance), between 2005 and 2016. In order to exam-
ine biogeographical and regional functional response patterns in the diet of
STRURA, taxonomic prey groups (% by biomass and diversity of prey species)
and species trait groups of prey (% by number) were employed as explanatory
factors. The dissimilarities among regions were assessed by computing squared
Mahalanobis distances (D?) between the means of canonical variables. This
statistical measure indicates how effectively the groups can be distinguished
based on the included explanatory variables (Tabachnick and Fidell, 1996). For
analysis of the relationship between breeding performance (brood size) and diet,
the classical GLM (Poisson family with a log-link function) approach was used
(Sokal and Rohlf, 1995).

For more information, see Article II of the thesis (Vrezec et al., 2018).

2.5. Habitat suitability analysis (Articles Ill and IV)

2.5.1. Presence data

Data for this study were gathered from two primary national databases that
store geographically positioned species information. The first database is an
online observation portal called “Dabasdatilv;’ which contains data collected
from citizen science projects, as well as opportunistic observations. The second
database is a governmental nature data repository that houses information
from national inventories and monitoring projects. The observations between
2010 and 2017 were extracted from these two sources. For the analysis, only
observations potentially associated with breeding activities were considered.
Additionally, observations that were accurately positioned on the map and
collected from sites with no evident changes in land cover within a 500-meter
radius after the observation were included.

2.5.2. Ecogeographical layers

In this study, countrywide data from various sources were used to create
variables describing habitat and landscape characteristics at different scales: site
(500 m or 25 ha raster grid cell), home-range (1250 m radius or 490 ha), and
landscape (2500 m radius or 1960 ha). To ensure consistency in data processing,
all vector datasets were rasterized to a 25 m grid cell, maintaining matching
pixel placement, coordinate reference system, and covering the entire national
inland territory. These 25 m grids were used as input data for further process-
ing, including aggregations to 25 ha raster grid cells, which were employed as
ecogeographical variables (EGVs) in the analysis.

22



A detailed description of each variable used and the procedures employed
to produce them can be found in Article IV (Avotins et al., 2022b) and species
conservation action plans (Avotins$ jun., 2019; Bergmanis et al., 2021). Prior to
analyses, all variables underwent a Box-Cox transformation (Sakia, 1992) to fa-
cilitate model convergence and reduce processing time. From a total of 635 EGV's
created, ecologically meaningful variables based on existing knowledge about
species ecology and their relevance in capturing heterogeneity across multiple
scales were selected (overview at Avotin$ jun., 2019; Bergmanis et al., 2021).

Although MaxEnt analysis is generally considered robust against predic-
tor variable correlations (Phillips et al., 2006), I conducted checks for multi-
collinearity among these variables. To ensure that predictor variables did not
exert excessive influence on parameter estimates (Montgomery et al., 2012),
I selected a subset of variables with variance inflation factor values below 10
(Avotins et al., 2022b).

2.5.3. Bias layer

To mitigate the sampling bias resulting from an overrepresentation of
protected areas, project sites, and popular birding locations that are typical for
opportunistic and citizen science data, I employed a bias layer (Phillips et al.,
2009; Elith et al., 2011). Within this bias layer, I assigned a value of “1” to all
sites where it is confirmed that the species in question has been actively sought
using species-specific methods during its activity time. By incorporating this
bias layer, I aimed to address and correct for any biases introduced by the non-
random distribution of observations and ensure a more representative dataset
for analysis.

2.5.4. MaxEnt presets and model selection

To identify the most suitable model, a set of 31 models was created, con-
sidering all possible combinations of feature-type algorithms with default beta
multiplicators while keeping other presets fixed. Each model was subjected to
10 cross-validations using the MaxEnt 3.4.1 interface for maximum entropy
analysis, and the raw outputs were saved for evaluation.

To assess overfitting, I visually inspected the parameter estimators of each
model. Models displaying ecologically meaningless parameter responses (e.g.,
saw-tooth like curves) and omission rate responses that did not align with the
predicted omission were deemed to be overfitted. Consequently, models with
machine-defined threshold features were rejected. For further model evaluation
and comparison, I preferred using AICc (Akaike Information Criterion cor-
rected for small sample sizes) values over AUC (Area Under the Curve) (Warren
and Seifert, 2011; Morales et al., 2017). AICc values were calculated from the
raw output files of each model. Specifically, I computed the AICc value for each
of the 10 replicates for every feature combination and compared the median,
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mean, and range of AICc values among the models. The model with the lowest
AICc median and AICc mean values was selected as the best model. This best
model was then refitted to generate a clog-log output map, which was subse-
quently used in conservation priority site zonation and further evaluations.

2.6. Prioritisation for conservation (Article 111)

As measures of fragmentation are already included in the habitat suitability
map, the core area algorithm within the conservation priority site identification
framework Zonation was employed, as described by Moilanen et al. (2005, 2009).
To determine conservation priority sites, the clog-log transformed model average
and its standard deviation maps were used in uncertainty analysis by iteratively
removing 10 cells per step. During the analysis, my goal was to prioritize sites
that would reduce the risk of extinction for the species, considering default
species-area relationship settings in the Zonation software (Moilanen et al.,
2009). To identify priority sites, different boundary length penalty strength values
(0, 0.0005, 0.005, 0.05, 0.1, 0.2) were compared, allowing cell removal from within
the remaining clusters rather than just the edges. A threshold based on the point
of overlap between the proportion of apparent distribution and extinction risk
of the species relative to the proportion of landscape lost was used. Priority sites
(PSs) were identified to the right of this “balance” point.

Additional criteria for selecting PS was that they should either include
at least one breeding territory or serve as essential steppingstones for species
dispersion. In the model-species, GLAPAS, sites smaller than 100 hectares
were excluded (but not in others during the application of the workflow). The
chosen threshold of 100 hectares is supported by research with tagged birds
(Strom and Sonerud, 2001) and has been found to be relevant for Latvian
conditions (Avotin$ jun., 2019). The removal of priority sites did not lead
to a loss of connection among the remaining sites within the median natal
dispersal distance (14 km, the average among males and females in Finland, as
per Valkama et al., 2014).

To compare different zonations, the sum of their relative scores, consider-
ing extinction risk, remaining population distribution, proportion of landscape
lost, cumulative sum, average, and standard deviation of habitat suitability in
the remaining priority sites were calculated. The objective was to minimize
extinction risk and the number of local sites with low species suitability while
maximizing remaining distribution, unaffected land for conservation, and cu-
mulative and average habitat suitability. Relative scores rather than ranks were
used to account for the continuously varying differences between outputs. The
selection procedure for the best zonation was performed at the analysis resolu-
tion of 25 hectares per cell. However, for improved border precision, the nature
conservation areas were evaluated on a grid resampled to a finer resolution of
25 meters per cell.
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2.7. Evaluation of the existing conservation area network
(Article 111)

To assess the existing network of Nature Conservation Areas (NCAs), the
habitat suitability map was overlaid with the NCA map and descriptive statistics
of habitat suitability within these areas were computed. This analysis allowed
an understanding of the distribution and characteristics of suitable habitats
within the NCAs. Next, the PS map was overlaid with the NCA map, taking
into account any overlapping areas between different NCA regimes. In cases of
overlap, the strictest category (lower in Table 2) was used to assign the site to
a specific NCA regime. The fractional habitat suitability and area between these
spatial layers was compared to evaluate the extent of habitat suitability within
the NCAs and PSs.

To estimate the proportion of species population that is currently protected,
cumulative habitat suitability was used as a proxy for the apparent population. By
doing so, the expected contribution of the suggested PSs for species conservation
could be accounted, as well as the combined effect of the PSs and the existing
conservation regimes. In order to describe the importance of a protection regime,
the conventional index of preference, following the methodology of Duncan
(1983) and Hunter (1962) was applied. This index ranges from 0 (indicating
total avoidance) to 1 (suggesting that the population is distributed proportion-
ally to the regime availability), with increasing values indicating preference.
Additionally, the odds ratios for the likelihood of a conservation regime falling
into the priority sites for species conservation were calculated, based on the area
proportions of regimes and the results from the zonation analysis. By combining
the conventional index of preference and odds ratios, the most suitable regimes
for species conservation were identified.
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3. RESULTS

3.1. Population dynamics of the small mammals (Article I)

As there were no meaningful differences between sampling areas in graphi-
cal evaluations or GLMM analysis (Avotins et al., 2023a), all the trapping data
were pooled to conduct population change analysis. All the models suggested
statistically significantly declining populations (total number of small mammals
S =0.9671 £ 0.0083, p = 0.0007; Microtus voles S = 0.9306 + 0.0167, p = 0.0005;
bank vole Clethrionomys glareolus S = 0.9706 = 0.0128, p = 0.0325). Of course,
small mammal population dynamics were not linear — yearly abundance indices
are shown in Figure 2 (a-c).

The small mammals Microtus sp.

Population index (baseyear=1991)

Bank vole

Population index (baseyear=1991)

(0) (d)

Figure 2. Population indices with standard errors of: (a) the small mammals pooled;
(b) voles of genus Microtus; (c) bank voles; and (d) Autocorrelation function analysis
of the small mammal yearly indices, dotted lines indicate
the threshold of significance

There was some cyclicity apparent in the late 20" to early 21* century,
but its amplitude and frequency was lost later (Fig. 2 (a—c)). The last peak in
Microtus voles (Fig. 2(b)) and the small mammals altogether (Fig. 2 (a)) was in
2004 and even earlier in the case of bank vole (Fig. 2(c)). There was a moderate
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(r = 0.5604) and statistically significant (f,,, = 3.3146, p = 0.0029) correlation
between population indices of bank vole and Microtus voles, yet no meaning-
ful or statistically significant autocorrelation was found in indices of any group

(Fig. 2 (d)).

3.2. Owl breeding season diet (Article I)

Analysis of FNB revealed STRALU and STRURA as generalists with
overall FNB 5.125 (95% bCI 4.867-5.423) and 4.485 (95% bCI 4.201-4.758),
respectively. Besides, in both species, FNB wvalues increased over time
(LMM: B = 0.0840 + 0.0198; fi3050, = 4.24% p < 0.0001 in STRALU
and LM: B = 0.0499 + 0.0227; fs, = 2.194 p = 0.0325 in STRURA).

Table 4

Description of prey weight proportion in owl diet with its abundance index in
nature (first two rows per owl species) or their cross-correlation

Owl Prey B + SE Test  p-value AICc  *R%;/ R’ ICC
species  (index)* statistic R

STRALU Bank 0.0248 + 0.0057 4.359 <0.0001 5693.822 0.0005 0.134 0.133
Vole
Microtus  0.1302 + 0.0061 21.520 <0.0001 14934.823 0.004 0.191 0.189
voles
Bank~ -0.0138 £ 0.0116 -1.189 0.2340 5711.112 <0.0001 0.134 0.134
Microtus

STRURA Bank -0.1116 £ 0.0072 -15.570 <0.0001 4693.187 0.0581
Vole
Microtus  0.1275 + 0.0100 12.720 <0.0001 6132.077 0.0268
voles
Bank~ -0.1658 + 0.0175 -9.497 <0.0001 4865.001 0.0208
Microtus

GLAPAS Bank -0.4168 £ 0.0717 -5.812 <0.0001 261.048 0.178
Vole
Microtus  0.2136 + 0.0556 3.839  0.0001 220.591 0.073
voles
Bank~ -0.9097 +£ 0.0811 -11.220 <0.0001 145.446 0.613
Microtus

ASIOTU Bank -0.5294 + 0.0497 -10.640 <0.0001 761.318 0.215
Vole
Microtus  0.0611 + 0.0138 4.419 <0.0001 599.700 0.044
voles
Bank~ -1.2718 £ 0.1208 -10.530 <0.0001 705.794 0.276
Microtus

*  Prey type Bank~Microtus represent proportion of bank voles in diet depending on

Microtus sp. vole abundance in nature.
** RPcraagen Teported in case of GLM; R?,,, i, in case of GLMM.

27



GLAPAS showed moderate FNB of 3.526 (95% bCI 2.355-4.756) and insig-
nificant change over time (LM: B = 0.0420 + 0.1136, ¢ = 0.369, p = 0.727),
indicating a higher level of specialisation when compared to previous species.
The highest level of specialisation (narrowest FNB) was in ASIOTU with FNB of
1.629 (95% bCI 1.429-2.002) and no temporal trend (LM: p = 0.0010 + 0.0176,
tay = 0.059, p = 0.953). The two analysed samples of AEGFUN had FNBs of
1.588 and 4.318.

When comparing the proportion of voles (per species group) in owls
diet with their respective population indices, strong positive correlations for
Microtus voles can be seen (Table 4) and various sign directions of correlation
in the bank vole (Table 4). The proportion of Bank Vole in STRALU’s diet is
correlated positively with its abundance in nature, which further supports the
high plasticity of the species as the FNB were significantly lower in every other
owl species and the direction of correlation is negative. The negative direction
of the Bank Vole abundance in owl diet and its population index value can be
argued as species is of high importance for breeding to occur, but some other
species are preferred. To examine this preference, correlation between Microtus
vole abundance index value and the proportion of Bank Vole in owl diet was
performed and showed a clear negative correlation that was relatively strong and
significant in every species besides STRALU (Table 4).

3.3. Owl population change (Article I)

The results of population change vary in different owl species. A stable over-
all population trend was observed in STRALU, STRURA and ASIOTU between
1990 and 2021 (or 1993-2021 in the case of STRURA; S = 1.002 + 0.005, S =
1.014 + 0.012, S = 0.992 * 0.010). But a strong decline in GLAPAS (2004-2021;
S =0.965 + 0.017) and AEGFUN (1990-2021; S = 0.934 + 0.020) was observed.
When comparing trends in owl’s population relative size before and after the
dampening of the small mammal cycles in 2004, tendencies related to food
niche can be found (Table 5). See Article I for yearly indices of every species
analysed (Avotins et al., 2023a).

The trend of the relative population size of the STRALU before and after
the small mammal cycle dampening does not imply any statistically significant
differences (Table 5). Whereas in the case of STRURA before dampening, there
was a strong increasing trend, followed by a decline since the dampening of
the small mammal population cycles (Table 5), which holds significance even
longer - until 2021 (Avotins et al., 2023a). It is worth mentioning that the
trend of GLAPAS between 2004 and 2016 had the same slope as between 2004
and 2021, indicating prolonged negative effects that can be linked with the
dampening of the small mammal population cycles (Table 5; Avotins et al.,
2023). This is partially supported by the trends of ASIOTU and AEGFUN rela-
tive populations.
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The declining AEGFUN population appeared to have a relatively less pro-
nounced decline in 2004-2016 (Table 5), however, when analysed between 2004
and 2021, the slope was the same as in 1990-2004 and 1990-2021 (Avotins
et al.,, 2023a). As the species is known to be migratory with adaptive migra-
tory behaviour (Korpimiki and Hakkarainen, 2012), it is plausible, that the
sub-population of Latvia was for a time-being supported by immigration from
Northern parts of the meta-population. Similarly, with even more distinctively
migratory species ASIOTU - the population trend between 2004 and 2016 was
not significantly different from 1990-2004, but the decline becomes significantly
steeper when calculated between 2004 and 2021. Again, this suggest possible
benefits of population connectivity as well as (survival-driven) delayed response
of declining breeding performance.

Table 5

Description of owl population change trends with small mammal cycles (“before”)
and since they vanished (“after”). Model coefficients are in log-odds scale

Owl species  Parameter B + SE Test statistic  p-value df*  R%y
STRALU Intercept 0.1178 £ 0.0396 2.978 0.0062 26 -0.1096
Time 0.0016 + 0.0043 0.368 0.7159
Before reference
After <0.0001 + 0.0059 <0.0001 1
Time: After  <0.0001 + 0.0006 <0.0001 1
STRURA Intercept 0.1389 + 0.1361 1.020 0.319 21  0.5837
Time 0.0319 £ 0.0179 1.783 0.089
Before reference
After 1.1350 + 0.1925 5.898 <0.0001
Time: After ~ -0.1354 + 0.0253 -5.361 <0.0001
GLAPAS*™* Intercept 0.0069 + 0.07470 0.093 0.9279 11 0.4368
Time -0.0339 + 0.0106 -3.210 0.0083
ASIOTU Intercept -0.8450 + 0.2688 -3.144 0.0046 23 -0.0302
Time -0.0143 + 0.0328 -0.436 0.6666
Before reference
After 0.3087 + 0.3801 0.812 0.4250
Time: After ~ -0.0080 + 0.0464 -0.172 0.8651
AEGFUN  Intercept -0.5246 + 0.0331 -15.855 <0.0001 23 0.9740
Time -0.0607 + 0.0040 -15.033 <0.0001
Before reference
After -0.7508 + 0.0468 -16.043 <0.0001
Time: After 0.0183 £ 0.0057 3.211 0.0039

* df are the same in each variable.
** values represent whole model.
*** GLAPAS had only data since 2004.
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3.4. Owl breeding performance (Article I)

On average, STRALU had 2.32 (95% bCI 2.23-2.40) and STRURA had 1.69
(95% bCI 1.58-1.80) fledgelings per successful nest. In none of those species,
there was a definite temporal change (LM: p: —-0.0041 + 0.0088, t,q = -0.467,
p = 0.645 and LM: : -0.0014 + 0.0122, ¢, = 0.112, p = 0.912 respectively for
STRALU and STRURA). There were also no correlations with vole abundance

indices in nature during the breeding year or the year before (Table 6).

Table 6

Spearman's correlation analysis results of the annual mean number
of fledglings and small mammal abundance indices in the year of breeding
and the year before (annotated as ')

sp(;gles Prey (index) 1, p-value Nu;n:::: of S
STRALU  Small mammals -0.1152 0.5737 26 3262
Microtus voles -0.1391 0.4962 26 3332
Bank vole 0.0338 0.8700 26 2826
Small mammals™! 0.1300 0.5341 25 2262
Microtus voles™ 0.1377 0.5100 25 2242
Bank vole™! 0.1946 0.3496 25 2094
STRURA  Small mammals -0.0179 0.9340 24 2341.1
Microtus voles 0.0545 0.8005 24 2174.8
Bank vole -0.0863 0.6886 24 2498.4
Small mammals™! -0.1788 0.4145 23 2385.8
Microtus voles™ -0.2104 0.3351 23 2449.9
Bank vole™! 0.0218 0.9214 23 1979.9
ASIOTU  Small mammals 0.0805 0.7755 15 514.92
Microtus voles 0.1252 0.6566 15 489.87
Bank vole 0.0787 0.7804 15 515.92
Small mammals™! 0.3062 0.2871 14 315.69
Microtus voles™ 0.0529 0.8576 14 430.95
Bank vole™! -0.2643 0.3612 14 575.26
BUBBUB  Small mammals 0.5329 0.0408 15 261.59
Microtus voles 0.3817 0.1604 15 346.28
Bank vole 0.3402 0.2146 15 369.49
Small mammals™! 0.6438 0.0130 14 162.09
Microtus voles™ 0.5527 0.0404 14 203.50
Bank vole™! 0.2020 0.4886 14 363.09

-I abundance index in previous autumn.
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However, in ASIOTU with 2.54 (95% bCI 2.38-2.72) fledgelings per success-
ful nest on average, this population parameter had declined by approximately
one fledgeling in 16 years (B: -0.0627 + 0.0297, t,,, = -2.109, p = 0.0466). Even
though this overlaps with the dampening of the small mammal population
cycles, there were no correlations with the vole abundance indices in the year of
breeding nor the year before (Table 6).

This was different in BUBBUB, which had 2.26 (95% bCI 2.04-2.46) fledgel-
ings per successful nest on average. BUBBUB had a decline by approximately
one fledgeling in 22 years (p: -0.0450 + 0.0137, t,, = -3.293, p = 0.0036)
overlapping with the period of the dampening of the small mammal popula-
tion cycles. Besides, the breeding performance correlated positively with the
abundance indices of the small mammals in the year of breeding and the year
before (Table 6). Even more, this correlation was even stronger if the year before
breeding was used (Table 6), thus indicating a carry-over effect of the small
mammal (particularly, vole) abundance on the breeding performance of the
species next year.

3.5. Pan-European comparison of Ural Owl’s diet and brood size
(Article 11)

The discriminant function analysis was able to successfully separate boreal,
boreo-nemoral and temperate regions, based on both the taxonomic and trait
groups of prey (Fig. 3). This analysis implied temperate region to be the most
distant from both others, with poor-breeding seasons in the boreal region being
the most similar to boreo-nemoral (Latvia).

(a) (b)

Figure 3. Plots (a - Root 1 vs. Root 2; b - Root 1 vs. Root 3) of the individual scores
for the two roots discriminating between breeding STRURA diet from different
regions across the species’ range gradient in Europe (SLO - Slovenia, FIN-GOOD -
Finland in good years, FIN-BAD - Finland in bad years, LAT - Latvia)

31



Even though the breeding performance was related to regionality, indicating
a high plasticity of STRURA, some of the most important correlates were voles
(in boreal and boreo-nemoral regions) and mice (in temperate region). Even
more, both the proportion of voles in the breeding season diet as well as brood
size in Latvia (boreo-nemoral region) was the lowest among the studied regions.

3.6. Habitat suitability and priority sites for GLAPAS
conservation (Article Il and 1V)

The best habitat suitability model, which avoids overfitting is based on
Linear-Quadratic features. This particular algorithm constrains the output dis-
tribution to match the environmental variables in terms of expectation and vari-
ance, as observed in the samples (Phillips et al., 2004). The model displays small
standard deviation, with an average of 0.019 and a maximum value of 0.143.
It is consistent with predicted omission throughout the 10 cross-validations.
Figure 4 displays the predicted habitat suitability for the species in Latvia.

The most important ecogeographical variables forming the distribution of
habitat suitability for GLAPAS were indicating abundance of mature (exceeding
rotation age) forests at every scale of analysis (site, home-range and landscape).
In contrast, the abundance of young forests and clearcuts had a negative cor-
relation. However, the importance of stand age was lower than its correlate the
tree size (diameter at breast height, DBH), and the large trees must be spaced
throughout the patch, rather than the patch contains a large tree as indicated by
the variable importance and beta coefficients.

Figure 4. Predicted habitat suitability of GLAPAS in Latvia
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The most important tree species were spruce Picea abies and aspen Populus
tremula. Article III provides a more detailed description as well as variable
importance measures, coeflicients of the model, and response curves explaining
the distribution of habitat suitability (Avotins et al., 2022a).

After removing patches smaller than 100 ha, I found that core area zonation
with a boundary length penalty strength of 0.05 provided the best result. Prior
to removal, priority sites covered 11.12% of the land area, balancing at 27.5%
species distribution (apparent population) and area-related extinction risk.
Patches smaller than 100 ha accounted for 5.12% of the priority sites (0.57% of
the national landscape). Eliminating patches smaller than 100 hectares resulted
in priority sites covering 10.55% of the landscape, with a species-area extinc-
tion risk of 28.4%, while conserving 26.2% of the apparent population (Fig. 5).
The average habitat suitability in the remaining sites was 0.6692 = 0.0974.
Connections of the remaining sites were not affected by any sites smaller than
100 hectares, and therefore those sites could all be excluded.

Figure 5. The graph shows the correlation between the risk of species extinction
(represented by the solid dark grey line) and the remaining population (represented
by the solid light grey line) based on the proportion of landscape lost (with
increasing priority for conservation) for the species (on the x-axis). The sites
prioritised for species conservation are located to the right of the line intersection.
The dashed lines and text in the figure illustrate the extinction risk (dark grey) and
the proportion of population included (light grey) after the removal of sites smaller
than 100 hectares, which represents 10.5% of the national land (represented by the
black colour)

3.7. Evaluation of the existing conservation area network
(Article 111)

NCAs cover a total of 19.08% of the national territory, which encompasses
23.47% of the apparent population of species. This figure represents 1.79 times
more land, which includes 1.11 times smaller apparent population compared to
priority sites. As a result, 67.94% of all the priority sites for species conservation
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are located outside NCAs, and the species preference for them is 1.54 times
higher than the average in NCAs before zonation. These priority sites constitute
7.22% of the national land and include 17.44% of the apparent population (as
shown in Table 7).

The results considering only N2k sites are generally comparable: the net-
work covers 11.51% of the national land and encompasses 14.85% of the appar-
ent population of species. The preference for N2k sites is comparable to that of
nature conservation areas in general, with a preference index ratio of 1.05.

Table 7

The table displays the distribution and preference (A/B = C), in terms of percent of
the apparent population (A) and national territory (B), of conservation regimes
(in rows) in relation to both the current scenario and the zonation results
(in columns). Additionally, it shows the odds ratio (OR) for a regime
to be a priority site for species conservation

Regime Before zonation Zonation: Priority Zonation: Remaining | OR
A B C A B C A B C

No current 76.535 80.924 0.946 | 17.440 7.221 2.415 |59.095 73.703 0.802 | 0.450
protection
Neutral zone | 4.140 4.342 0.953 | 0.623 0.263 2.369 | 3.517 4.079 0.862 | 0.531
Landscape 6.873 5.659 1215 | 1.999 0.797 2.508 | 4.874 4.862 1.002 | 1.409
conservation
Nature park 3.074 2798 1.099 | 1.001 0.399 2.509 | 2.073 2.399 0.864 | 1.414
Nature 5.015 3.631 1.381 | 2.806 1.049 2.675 | 2.209 2.582 0.856 | 3.681
reserve
Strict nature | 1.921 1.291 1.488 | 1.167 0.443 2.634 | 0.754 0.848 0.889 | 4.540
reserve
Micro-reserve | 1.202 0.685 1.755 | 0.528 0.216 2.444 | 0.674 0.469 1.437 | 3.932
buffer-zone
Micro-reserve | 1.240 0.671 1.848 | 0.598 0.241 2.481 | 0.642 0.430 1.493 | 4.799
Total 100 100 26.16 10.63 73.84  89.37

Incorporating territories that are identified as priority sites into nature con-

servation areas would result in the network covering 26.30% of the national land,
which includes 40.91% of the apparent population (with preference index 1.56).
If only N2k sites are taken into account, the network’s coverage would expand to
19.55% of the land area, encompassing 34.22% of the apparent population (with
preference index 1.75). This reduction would result in approximately 20.03%
and 23.51%, respectively, in the risk of species-area extinction.

Table 7 shows an increasing preference for a stricter regime and odds ratio
for the regime to be recognized as a priority site for species conservation. The
micro-reserves and strict nature reserves demonstrate the highest suitability
score for the regime.
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4. FURTHER APPLICATION OF HABITAT SUITABILITY
ANALYSIS AND CONSERVATION AREA EVALUATION
WORKFLOW IN THE PRACTICAL NATURE CONSERVATION

Once the power of the developed workflow, as described in sections 3.5.
to 3.7. with results in sections 4.6. and 4.7. of this thesis was recognised, it was
applied to all the owl and woodpecker species regularly breeding in Latvia, thus
broadening the information. Applications were carried out as a part of species
conservation action plans (Avotins jun., 2019; Bergmanis et al., 2021) and are
published in conference theses (Avotins, 2019; Avotins, 2019, 2018; Avotins
et al., 2023¢, 2023b, 2022¢; Avotins and Aunins, 2018; Avotins jun., 2018).

4. Habitat suitability distribution and priority sites for
conservation

In total habitat suitability was analysed for six owl (GLAPAS, AEGFUN,
STRALU, STRURA, ASIOTU, BUBBUB) and seven woodpecker (Lesser-
spotted Woodpecker Dryobates minor (hereinafter, DRYMIN), Middle-spotted
Woodpecker Leiopicus medius (LEIMED), White-backed Woddpecker
Dendrocopos leucotos (DENLEU), Greater-spotted Woodpecker Dendrocopos
major (DENMAYJ), Tree-toed Woodpecker Picoides tridactylus (PICTRI), Black
Woodpecker Dryocopus martius (DRYMAR), Grey-headed Woodpecker Picus
canus (PICCAN)).

The resulting analysis maps, as well as factor contributions, lambdas and
their responses, and suitability maps are available in species conservation action
plans (Avotin$ jun., 2019; Bergmanis et al., 2021). The literature analysis and
environmental responses revealed eight species as habitat specialists: GLAPAS,
AEGFUN, STRURA, BUBBUB, PICTRI, LEIMED, DRYMIN and DENLEU. Of
the environmental responses, I considered dependency on mature forests at the
site, territory and landscape scales, longer time since last forestry disturbance
and preference for sites formed by large trees (preferred to the alternative vari-
able of some large trees available at the site) as indicators of specialisation on
less managed forest habitats (see species conservation action plans (Avotins$ jun.,
2019; Bergmanis et al., 2021) for more detailed description).

As the persistence of such habitats depends on forestry restrictions, site
prioritisation for conservation was performed on these species’ habitat suit-
ability maps. The proportion of national territory considered as a priority varies
between species ranging from 4.0% in the case of BUBBUB to 10.6% in the
case of GLAPAS, PS individually include around 27.5% of each species appar-
ent population with similar extinction risk (Table 8). As species have different
ecological niches, the distribution of these sites is not completely overlapping.
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However, some sites hold high importance for multiple species (Fig. 6). If all the
priority sites were appropriately managed, the proportion of apparent popula-
tion protected would increase to 45% in the case of GLAPAS to even 62% in
the case of AEGFUN, thus reducing expected extinction risks to below 18%
(Table 8).

Figure 6. Number of overlapping priority sites for conservation of mature and less
managed forest specialist owl and woodpecker species

Table 8

The description of PS per mature and less managed forest specialist owl and
woodpecker species, assuming single species zonation and their apparent
populations and proportion of PS in NCA and N2k. The last two columns describe
the proportion of each species apparent population, in PS of all the species and its
respective expected extinction risk (Fig. 6)
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GLAPAS 10.6 26.2 28.4 335 32.1 14.9 24.5 45.6 17.8
AEGFUN 4.2 27.1 27.8 34.6 60.5 25.5 50.5 62.0 11.3
STRURA 53 27.5 27.5 28.3 29.2 14.7 16.0 52.8 14.7

BUBBUB 4.0 28.0 28.0 38.8 47.0 24.8 43.0 53.8 14.3
PICTRI 59 27.6 27.6 28.9 42.5 19.8 34.9 59.5 12.3
LEIMED 4.2 27.5 27.5 24.1 29.2 17.3 23.2 47.0 17.2
DRYMIN 4.2 27.5 27.5 26.5 36.6 19.1 30.6 47.9 16.8
DENLEU 6.5 27.5 27.5 26.4 37.6 17.9 29.7 50.0 15.9
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4.2. Evaluation of the existing conservation area network

All the priority sites together cover 37.5% of forests in Latvia, 51.9% of
forests in NCA and 62.6% of forests in N2k (Fig. 7). This means that N2k have
overall higher habitat suitability for this set of specialist species than NCA.
Nevertheless, 37.4% of forests in N2k (and 48.1% in NCA) are of such a low
suitability, that they are not PS for any of the analysed species. Conservation of
all the PS would mean forestry restriction in additional 33.5% of forests, that are
outside N2k network (Fig. 7) and, therefore, likely to be inappropriately man-
aged for species conservation due to insufficient forestry restrictions. This is also
the case in the NCA network due to dominance of regimes with no forestry
restrictions (Tables 2 and 3). The importance of strict forestry restrictions is
supported by the overall higher preference and odds ratio for PS to be in N2k
than in NCA (Figs. 8 and 9).
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Figure 7. Overlap of PS in different protected area groups in general and in forest lands
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Figure 9. The odds ratios for PS to be in a conservation regime in NCAs and
N2k per mature and less managed forest specialist species.

There is an overall tendency to increase preference and odds ratios for PS in
conservation regimes with stricter forestry restrictions (Fig. 8 and 9). This ten-
dency can be related to stricter restrictions at sites with better habitats, however,
many PS have no current protection (Fig. 7), even though habitat suitability is
similar to strictly protected areas. Relatively high values at microreserve buffer
zones, can be related to the proximity of those areas to micro-reserves, most
of which are created for bird protection. High values at the neutral zone for
LEIMED and DRYMIN are due to the preference for parks and relatively small
breeding territories in these species. In practice, legislation related to tree cut-
ting outside forests (in parks) in neutral zone is stricter than in most other
conservation regimes in forests. The most suitable regimes for forest specialist
species conservation are strict nature reserves and nature reserves.
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5. DISCUSSION

5.1. Small mammals

The densities of small mammals (trapping index) in Latvia (Avotins et al.,
2023a) were comparable to those reported in neighbouring countries — Estonia
(Scott et al.,, 2008; Vili and Tonisalu, 2020) and Lithuania (Mazeikyté, 2002;
Balciauskas, 2006; Balciauskas et al., 2017). In Latvia, significantly lower popula-
tion densities of small mammals were observed in grasslands than in forests, but
no differences between forest age groups due to high within group variability
(Avotins et al., 2023a). Similar findings were reported in Estonia (Vili and
Tonisalu, 2020) and Lithuania (Bal¢iauskas et al., 2017), where the abundance
of small mammals increased with the age of the forest during early meadow-
forest succession. Additionally, studies conducted in Finland (Savola et al.,
2013) and Norway (Wegge and Rolstad, 2018) found that mature forests exhib-
ited the highest abundance of voles. Several researchers have emphasized the
importance of high vegetation complexity, habitat structural diversity, and the
abundance of coarse woody debris in promoting a rich diversity and abundance
of small mammal species, even in young stands and unmanaged habitats under
natural succession (Carey and Johnson, 1995; Carey and Harrington, 2001; Ecke
et al., 2002; Mazeikyté, 2002; Panzacchi et al., 2010; Wegge and Rolstad, 2018;
Suchomel et al., 2020). The detrimental impacts of intensive forestry on small
mammals have also been noted at the landscape scale (Bowman et al., 2000;
Carey and Harrington, 2001; Panzacchi et al., 2010; Suchomel et al., 2020).
However, in mosaic landscapes, ecotones, especially those with a buffer zone
of at least 100 meters of habitat edges, have been found to harbour the highest
density and diversity of small mammals (Bal¢iauskas, 2006; Panzacchi et al.,
2010; Wegge and Rolstad, 2018).

Hanksi et al. (1991) proposed one of the most robust explanations for small
mammal population cyclicity, which has been extended to different systems
(Henttonen et al., 2017). Modeling multispecies rodent assemblages, research-
ers have found transient dynamics alternating between long time periods with
cyclic and non-cyclic fluctuations (Hanski and Henttonen, 1996). While such
fluctuations were initially expected to occur at relatively small spatial scales, it
has been more recently observed that the phenomenon of dampened cycles is
widespread across Europe (Ims et al., 2008), suggesting broader environmen-
tal drivers, such as climate change (Steen et al., 1996; Kausrud et al., 2008).
However, the periods of dampened vole population cycles have been observed
to vary in different parts of Europe, challenging the generality of the climate
forcing hypothesis (Brommer et al., 2010). The results of this thesis clearly
showed dampened vole cycles in Latvia (Figure 2 (a-c)). The absence of such
dampening in neighbouring countries (Vali and Tonisalu, 2020; Bal¢iauskas and
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Bal¢iauskiené, 2022b, 2022a) implies the involvement of smaller-scale processes,
as described by predator-prey models. Although Hanski’s models were originally
developed for the Fennoscandian environment, their generality has also been
demonstrated in central and western Europe (Lambin et al., 2006). According to
these models and previous studies (Henttonen et al., 2017), generalist predators
tend to stabilize rodent dynamics, while nomadic avian predators have a similar
effect on rodents but also increase regional synchrony. Specialist predators, on
the other hand, are believed to maintain fairly regular rodent cycles (Hanski and
Henttonen, 1996).

I consider a combination of previously described conditions - generalist
predator pressures from e.g. red fox Vulpes vulpes and racoon dog Nyctereutes
procyonoides, and intensification of habitat management together with forest
fragmentation — playing an important role in the dampening of small mammal
population cycles in Latvia.

5.2. Numerical response of owls to small mammals

In this study (Table 4), I established a statistically significant relationship
between the proportion of voles (Microtus and bank voles) in the diet of owls
and their relative abundance indices in their natural habitat. This finding in-
dicates that even though I relied on information about mammal abundance
during autumn, it still reflected the owls™ prey preferences. It is well-known that
small mammal densities increase during the summer (Pupila and Bergmanis,
2006), and spring counts represent winter survival and reproduction (Hanski
and Korpimaki, 1995). However, the relative value of the year (spring or au-
tumn) still captures a part of the cycle in cyclic environments (Brommer et al.,
2002). My analysis revealed a preference for Microtus voles in the owl diet for
all owl species examined. Additionally, these voles had a higher proportion of
biomass compared to bank voles (Avotins et al., 2023a). This preference for
Microtus voles can be attributed to differences in the breeding biology of voles,
their dispersal between species groups, and their predator-escaping behaviour
(see Hanski and Henttonen, 1996 for an overview).

Opverall, the ranking of FNB and proportion of voles in diet of different
owl species compares to other studies in Europe, though there are numeric dif-
ferences, most likely due to known variation between breeding regions within
the same year and between years in the same region (GLAPAS (Mikkola, 1983;
Mikusek et al., 2001); AEGFUN (overview in Korpiméki and Hakkarainen,
2012); ASIOTU (Glue and Hammond, 1974; Wijnandts, 1984; Tome, 1994;
Bal¢iauskiené et al., 2006; Romanowski and Zmihorski, 2008; Sergio et al., 2008;
Birrer, 2009; Tome, 2009); STRALU (Goszczynski et al., 1993; Jedrzejewski et al.,
1994; Petty, 1999; Solonen, 2004; Bal¢iauskiené et al., 2006; Lesinski et al., 2009;
Romanowski and Zmihorski, 2009; Solonen, 2014; Grasyté et al., 2016; Solonen
et al., 2016; Solonen et al., 2017); STRURA (Jaderholm, 1987; Korpimiki and
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Sulkava, 1987; Sidorovich et al., 2003; Vrezec et al., 2018); BUBBUB: (Randla,
1976; Korpimaiki et al., 1990; Schweiger, 2011; Penteriani and del Mar Delgado,
2019; Frafjord, 2022)). Generally, owl species more specialised on voles in
diet show stronger numeric and even functional responses to vole availability
in nature, as in ASIOTU, which can adapt migratory behaviour and breeding
region selection during migration and even repeat breeding, accounting for vole
availability (Glue, 1977; Glue and Nilsson, 1997; Heisler et al., 2016). Functional
responses to vole abundance as habitat selection, hunting behaviour, timing
of breeding, and even a carry-over effect on numerical responses (GLAPAS
(Masoero etal., 2020a); AEGFUN (Korpimiki, 1981; Solheim, 1983; Hakkarainen
et al., 1997; Hakkarainen et al., 2002; Saurola and Francis, 2004; Santangeli et al.,
2012); STRALU (Lehikoinen et al., 2011; Solonen, 2014); STRURA (Pietidinen,
1988; Brommer et al., 1998; Brommer et al., 2002; Brommer et al., 2004; Saurola
and Francis, 2004; Karell et al., 2008; Kontiainen et al., 2009; Lehikoinen et al.,
2011; Saurola and Francis, 2018); BUBBUB (Marchesi et al., 2002; Penteriani
et al., 2002; Campioni et al., 2013)) are known. However, numerical responses
of owls to vole abundance as breeding performance and survival, are much
more studied (GLAPAS (Solheim, 1984; Lehikoinen et al., 2011; Morosinotto
et al, 2017); AEGFUN (Korpimaki and Hakkarainen, 1991; Saurola and
Francis, 2004; Lehikoinen et al., 2011); ASIOTU (Village, 1981; Tome, 2011,
2009, 2003); STRALU (Saurola and Francis, 2004; Solonen, 2005; Lehikoinen
et al., 2011; Solonen, 2014; Solonen et al., 2015; Saurola and Francis, 2018);
STRURA (Pietidinen, 1988; Brommer et al., 2002; Saurola and Francis, 2004;
Lehikoinen et al., 2011; Saurola and Francis, 2018); BUBBUB (Marchesi et al.,
2002; Penteriani et al.,, 2002; Campioni et al., 2013; Penteriani and del Mar
Delgado, 2019)) and more direct.

From the owl species studied in this thesis, most of the forest dwelling spe-
cies (GLAPAS, AEGFUN, STRALU and STRURA) had lower breeding perfor-
mance in Latvia than on average in boreal region (Korpiméki and Hakkarainen,
1991; Meller et al., 2017), and was similar or lower than in poor years in boreal
region (Korpimaki, 1987; Brommer et al., 2002; Korpiméki and Hakkarainen,
2012; Saurola and Francis, 2018) and even lower than in biogeographically
similar boreo-nemoral region (Solheim, 1984; Grasyté et al., 2016). Whereas the
breeding performance of ASIOTU and BUBBUB, even though was similar to
other studies in Europe (Glue, 1977; Meller et al., 2017; Penteriani and del Mar
Delgado, 2019), had a statistically significant temporal decline in this param-
eter. Furthermore, this study suggests a carry-over effect of BUBBUB breeding
performance depending on the vole abundance in the previous autumn. The
phenomenon of carry-over effect via adult fitness is well known in scientific
literature on STRURA (Pietidginen and Kolunen, 1993; Brommer et al., 1998;
Brommer et al., 2002; Brommer et al., 2004; Karell et al., 2008a), and its signifi-
cance has been found to grow in relation to the size of owl species in Finland
(Lehikoinen et al., 2011). Ecological niche analysis conducted in Latvia also
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supports the notion of the significance of habitats with higher vole abundance
for BUBBUB (Avotins jun., 2019).

The effects of dampened vole cycles and low or declining breeding per-
formance had different impacts on the trends of owl relative population sizes.
The population of the most generalist species — STRALU - despite fluctuations,
probably due to long winters with many freeze-thaw cycles influencing winter
survival (Karell et al., 2011; Pavén-Jorddn et al., 2013; Solonen, 2021), was overall
stable and showed no differences in periods with and without pronounced small
mammal cycles (Table 5). The population size of ASIOTU showed no differ-
ences in compared periods, however, the decline since 2004 became significant
for the period until 2021 (Avotins et al., 2023). My results led to suspect that the
ASIOTU population was sustained for an extended period through immigra-
tion of individuals hatched elsewhere (Village, 1981; Korpiméki, 1992a, 1992b;
Sergio et al.,, 2008) and later decline suggests a delayed response of returning
individuals of Latvian origin.

Populations of GLAPAS, AEGFUN and BUBBUB (Table 5; Eionet, 2020)
had significant overall declines, and the difference in AEGFUN between
compared periods disappeared if the later period was extended to 2004-2021
(Avotins et al., 2023). The decline of GLAPAS and AEGFUN (and partially
BUBBUB) can be related to consequences of reduced breeding performance
and other responses to dampened vole populations (see references above), as
well as habitat degradation and loss (Avotins, 2022). Population sizes of those
three species (GLAPAS, AEGFUN, BUBBUB) are also declining in Finland
and Sweden, but tendencies in Lithuania and Estonia are different, probably
due to lower data quality as expert-based estimates rather than calculations are
reported (Eionet, 2020).

During the first decade of the 21* century, there was a notable increase
in STRURA populations and an expansion of their range, which was observed
in many parts of Europe (Bashta, 2009; Tuti$ et al., 2009; Bylicka et al., 2010;
Vrezec and Miheli¢, 2012). This trend coincided with the increase in STRURA
populations in Latvia and their breeding occurrences in a mosaic landscape
(Avotins$ jun., 2019). While the exact reasons for this population increase re-
main unclear and likely involve unknown large-scale factors, it is worth noting
that in Latvia, the period of significant population decline of the species aligned
with the dampening of small mammal population dynamics (Table 5). I suggest
that the relative abundance of small mammals, colliding with overall habitat
changes, play a crucial role in the decline of STRURA. Ecological niche analysis
in Latvia has indicated a strong dependence of STRURA on large forest mas-
sifs, predominantly consisting of mature forests with some openings (Avotin$
jun., 2019). Similar habitat preferences have been reported for the species in
other regions as well (Sonerud, 1986; Lohmus, 2003; Tuti$ et al., 2009). Despite
the ongoing range expansion in Latvia (Kerus et al., 2021), the overall popula-
tion size of STRURA is declining (Eionet, 2020). It is important to consider
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the intensification of forestry practices, indicated by tree cover loss, which is
increasing in Latvia, particularly in priority sites designated for species con-
servation (Avotins, 2022). This suggests a potential association between habitat
degradation due to forestry activities and the decline in the STRURA population
in Latvia.

Steep declines of the relative population sizes of many forest dwelling owl
species, given the overlap of higher density habitats of their main prey (Bowman
et al., 2000; Carey and Harrington, 2001; Panzacchi et al., 2010; Suchomel et al.,
2020), suggest the importance of habitat conservation for species protection. As
most forest dwelling owl species are also cavity-breeders (Mikkola, 1983; Mebs
and Scherzinger, 2000), it is important to also include woodpeckers in habitat
suitability analysis and conservation planning.

5.3. Habitat conservation, protected areas, and forestry

To understand how and where to protect a species, it is necessary to know
its ecological niche. Species distribution modeling provides powerful tools not
only to predict species distribution but also to explain factors determining it.
Furthermore, not only the suitability of habitat can be estimated, but also a
relative ranking of habitat patches — basic needs in conservation planning.

5.3.1. The GLAPAS example

The workflow of species distribution modeling with evaluation of specialisa-
tion and necessity for special conservation, followed by site prioritisation and
spatial overlay analysis, consists of well-known tools in quantitative ecology and
GIS analysis (references in the theoretical background section). However, these
tools are rarely combined in biogeographical and nature conservation studies.
The example of GLAPAS shows how the workflow can be used in case of low
numbers of presence locations (particularly, nest locations), yet being able to
capture ecologically meaningful correlations that result in reliable species distri-
bution map that can be further processed.

It is common to assume that the most reliable information when analys-
ing bird distribution is based on the locations of known nests (Bjérklund et al.,
2020). However, this information often is of low abundance or possesses other
spatial-statistical issues, e.g. clustering. Even though MaxEnt can perform well
with a low abundance of presence locations, dealing with spatial issues often in-
volves random or distance-based filtering, which may lead to datasets too small
for reliable analysis. To overcome this issue, I suggest inclusion of observations
that can be reliably attributed to breeding-and-hunting territory while incor-
porating effort bias (see Article III for broader discussion). Such an approach
may not be universal, for example, it may not perform well in species foraging
far away from the breeding site, e.g., White-tailed Eagle Haliaeetus albicilla, but
some studies suggest useful results even in such species (Heuck et al., 2019).
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However, the majority of species have their foraging grounds in close proximity
to the breeding site — in their home-range, as it is in the case of GLAPAS (Strom
and Sonerud, 2001).

The ecogeographical variable-species presence correlations revealed by
maximum entropy analysis are in line with the finding in other studies, ranging
from local to landscape scales. On local scale, GLAPAS prefers closed forests
(formed by spruce in the boreo-nemoral region), however as a nest tree, more
common is aspen - the most cavity rich tree genus in the Holarctic region
(Sonerud, 1985; Mikkola, 1983; Mebs and Scherzinger, 2000; Pac¢enovsky and
Sotnér, 2010; Remm and Lohmus, 2011; Meller et al., 2017). Furthermore, my
findings of positive association with larger tree DBH coincide with the nest-box
studies (Baroni et al., 2020), and the high abundance of such trees preference is
in line with annual change of breeding site and multiple winter hoarding cavities
(Pagenovsky and Sotnar, 2010; Valkama et al., 2014; Baroni et al., 2021, 2020).
For an extended discussion, see Article III.

The predicted species distribution map was field-tested and found statisti-
cally significantly predicting GLAPAS presence, assuming imperfect detection
(Avotins jun., 2019). As the species distribution map was considered reliable,
it could be used in further analysis of site prioritisation for conservation and
evaluation of existing conservation areas.

5.3.2. Evaluation of species’-habitat and forest conservation

This thesis is focused on conservation of owls, many of which are as-
sociated with mature, structurally rich and less managed forests (GLAPAS
(Sonerud, 1986; Strom and Sonerud, 2001; Ciach, 2005; Shurulinkov et al,,
2007; Pagenovsky and Sotnér, 2010; Baroni et al., 2021, 2020); AEGFUN (Sorbi,
1995; Hakkarainen et al., 1997; Ravussin et al., 2001; Laaksonen et al., 2004;
Shurulinkov and Stoyanov, 2006; Hakkarainen et al., 2008; Santangeli et al,,
2012; Brambilla et al., 2013);STRURA (Saurola, 1989; Lohmus, 2003; Tuti$
et al., 2009; Bylicka et al., 2010); BUBBUB (Kymapu, 1965; Ipuianos, 2005;
®etncos, 2005; Lipsbergs, 2011)), while others being more generalists, not in
need of special conservation and thus can better be protected by general regula-
tion in forestry and agriculture via conservation of landscape micro-elements
(biodiversity features, e.g. retention trees, preservation of forest edges, wetlands,
shrub patches, etc.) (Aschwanden et al., 2005; Avotin$ jun., 2019). As owls are
ecologically associated with woodpeckers, both groups need to be considered
together in forest conservation planning. Similarly to owls, some woodpecker
species are stronger associated with mature, structurally rich and less man-
aged forests (DENLEU (Virkkala et al., 1993; Czeszczewik and Walankiewicz,
2006; Roberge et al., 2008; Kajtoch et al., 2013); DRYMIN (Olsson et al., 1992;
Wiktander et al., 1992; Charman et al., 2010; Delhaye et al., 2010); LEIMED
(Kosinski, 2006; Miiller et al., 2009; Delhaye et al., 2010; Robles and Ciudad,
2012); PICTRI (Biitler et al., 2004b, 2004a; Fayt, 2004b; Wesolowski et al., 2005;
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Kajtoch et al., 2013)), than others, that appear to be generalists in Latvia and can
be protected by general regulation (Bergmanis et al., 2021). This set of species,
undoubtedly, is not covering all the indicator species in forests, but it covers
a wide gradient of forest types (from dry conifers to humid deciduous) and
tolerance to edges and fragmentation, among others. Besides, this set of species
covers three out of six forest dwelling Birds Directive Annex 1 species found to
be underrepresented in N2k at the European level (Van Der Sluis et al., 2016).
Therefore, I consider this set of species meaningful in evaluation of owl habitat
conservation in Latvia and at least insightful in evaluation of biologically valu-
able forest conservation in Latvia.

The absence of effective governance (Apostolopoulou and Pantis, 2009;
Ioja et al, 2010; Grodzinska-Jurczak and Cent, 2011; Tsiafouli et al, 2013)
and application of ecologically and statistically robust site selection methods
in conservation planning (Moilanen and Arponen, 2011; Gruber et al., 2012)
have resulted in the presence of sites possessing high nature values but lacking
or having insufficient current conservation measures. This situation is observed
both within the network of designated conservation areas and outside of it, as
indicated by large proportions of PS outside NCA or N2k, as well as large sec-
tions of forests in these networks not recognised as PS (Table 8, Fig. 7). This
could be expected as most of the work in establishment of NCAs and N2k in
Latvia was carried out just before the accession to the European Union - in
the late 20" and early 21 century (Racinskis, 2004; Opermanis et al., 2008),
when species distribution modeling was uncommon due to limited computing
resources. My results suggest that appropriate forest management in PS would
be similar to a nature reserve or strict nature reserve, or even completely banned
forestry (Fig. 8, 9). This is topical not only in PS with no current protection, but
also inside N2k, as the forestry is ongoing and temporally increasing also there,
besides the increase is faster in PS, than in other forests both within N2k and
outside them (Avotins, 2022).

Biodiversity Strategy 2030 considers the target of legal protection of 30%
of the EU’s land (European Commission, 2020) and the target of strict protec-
tion at 10% (European Commission, 2020). If considering only the addition of
the GLAPAS PS to the N2k that would result in protection of just above the
average proportion of the protected land in EU (Evans, 2012). When extend-
ing this approach to the group of mature forest specialist species (other owl and
woodpecker species), the coverage of territories for expansion of protected areas
reaches 37.5% of forests in Latvia which would exceed the targets of legal pro-
tection by EC. However, previously published scientific advice is to protect and
manage areas for biodiversity conservation in at least 50% of the terrestrial realm
(in contrast to the previously mentioned 10 or 30%; Noss et al., 2012; Dinerstein
et al., 2017; Baillie and Zhang, 2018; Watson et al., 2018; Miiller et al., 2020).

Unfortunately, conservation and land use intensification are linked
(Eyvindson et al., 2017; Moilanen and Kotiaho, 2018). This implies that some
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parts of existing conservation areas may need to be transformed from nature
conservation due to their low importance for biodiversity (e.g. Table 8, Figs. 6
and 7). Ideally, conservation planning involves the consideration of every indi-
vidual species within each geographic region. However, this approach is often
impractical due to the significant time and resources required. Additionally, the
progress of citizen science initiatives worldwide is not uniform, and the spatial
resolution of international atlases is generally coarse (Herrando et al., 2017). To
address these challenges, a feasible alternative is to use a selection of umbrella
and biodiversity indicator species for each ecosystem (Caro, 2010; Virkkala et al.,
2022), where more detailed location data is available or can be acquired cost-
effectively. These umbrella species can be complemented by ecosystem specialist
species, similar to those included in the European Bird Census Council’s wild
bird indicators (Gregory and Strien, 2010). By employing umbrella and indica-
tor species, conservation efforts can focus on identifying sites with the highest
biodiversity values, thereby establishing priorities for conservation actions. On
the other hand, specialist species can provide valuable information regarding
the maximum allowable intensification of land use outside protected areas.
However, the selection of species for these roles must be done with great care to
ensure they genuinely provide an “umbrella effect” in biodiversity conservation
(Branton and Richardson, 2011; Breckheimer et al., 2014).

Finally, the conservation of mature forests holds significance not only for
safeguarding the species designated to inhabit those areas but also due to their
critical role in mitigating climate change (Chen et al., 1995, 1993; Frey et al,,
2016) and its impacts on species distribution (Lehikoinen et al., 2018).
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CONCLUSIONS

Populations of owl main prey — small mammals - in Latvia showed cyclicity
in the late 20" and early 21* centuries. However, since approximately 2004,
the cycles have dampened. High land use intensity with pressures from
generalist predators, are likely causes, however, more studies are needed to
prove it.

The breeding performance of GLAPAS, AEGFUN, STRALU and STRURA
is stable, but lower on average than in nearby countries, matching the levels
or even being lower than in poor vole density years in boreal and boreo-ne-
moral regions. This parameter is declining in ASIOTU and BUBBUB,
however, the overall average is similar to other regions in Europe. The start
of the decline in breeding performance matched the timing of the small
mammal population cycle dampening.

Trends in the relative population size of STRALU - the species with the
broadest food niche - have not significantly changed between periods with
pronounced small mammal cycles and since their depletion (the compared
periods). Slightly more specialised STRURA showed a strong and signifi-
cant difference in population trends between these periods with a steep
decline since the dampening of small mammal population cycles. This was
similar in the most specialised ASIOTU but became statistically significant
only if extending the last period until 2021. Moderately specialised species
such as GLAPAS, AEGFUN and BUBBUB showed overall declining po-
pulations with no direct effects of the availability of the small mammals,
suggesting the importance of additional factors, e.g., the deterioration of
habitat suitability.

The workflow, including ecologically meaningful variable selection, cleaning
and selection of reliable presence locations, habitat suitability analysis and
site prioritisation for conservation, developed and described on GLAPAS
example, proved to be useful for evaluation of the species conservation
status. The results for the first time provide a quantitative description of
habitat requirements of GLAPAS in Latvia (and the Baltic States), sugges-
ting high species dependency on mature and less managed forests, thus
supporting it's importance as umbrella species in nature conservation. The
gap analysis of NCA and N2k revealed that most of the PS of GLAPAS
are currently not protected in Latvia. Even more, many PS within NCA
or N2k are under-protected, as conservation regimes have fewer forestry
restrictions than in the most suitable functional zones. The addition of all
the PS of GLAPAS to NCA or N2k would extend these networks to 26.3%
or 19.6%, respectively which is still lower than suggested by the Biodiversity
Strategy of the EC.
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Further application of the workflow on all the owl and woodpecker species
regularly breeding in Latvia suggests that the protection of the identified
PS would be more effective in the conservation of these forest biodiversity
indicator species than the existing NCA and N2k. Protection of all the PS
would provide conservation to 37.5% of forests in Latvia, that is 33.5% of
forests currently outside N2k. While N2k needs expansion, its reduction
is also possible, as 37.5% of forests in N2k have no PS for any species
analysed.
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ANOTACIJA

Autors analizgjis ptcu aizsardziba nozimigus aspektus Latvija no 1990. lidz
2021. gadam. Sis analizes ietver picu baribas sastavu un nozimigako baribas
objektu (siko ziditaju) populacijas dinamiku, pacu ligzdo$anas sekmes un popu-
lacijas parmainu raditajus ka ari sugu izplatibas modelésanu ar vietu prioritizé-
$anu aizsardzibai. Pédéja analizu kopa izstradata apodzinam un talak pielietota
citam ptcu sugam, ka arl dzenpiem, jo $is taksonomiskas grupas ir ekologiski
saistitas. Tada veida nodrosinot plasaku ekologisko informacijas spektru mezu
aizsardzibas un eso$o aizsargajamo teritoriju izvértéjumam Latvija.

Siko ziditaju populacijam 20. gs. nogalé lidz 21. gs. sakuma bija raksturigas
cikliskas skaita svarstibas, kuru amplitida butiski samazinajas kop$ apme-
ram 2004. gada. Ta rezultata dazadam pucu sugam tika registrétas atkirigas
skaitliskas atbildes ar izteikti negativam tendencém sugam, kuras ir vairak
specializéjusas uz strupastém bariba. Dzivotnu piemérotibas analizes atklaja
plcém nozimigo biotopu saistibu ar dzivotném, kuras ir augstaks siko ziditaju
sastopamibas blivums. Tadé] tika istenota telpiski noteikta vietu prioritizacija
dzivotnu aizsardzibai.

Vairums pacu un dzenu aizsardzibai prioritaro vietu atradas arpus aizsar-
gajamam teritorijam. Turklat vairak ka 37% no meziem aizsargajamas teritorijas
bija ar zemu nozimi nobriedu$u un maz-apsaimniekotu mezu specialistu pacu
un dzenu aizsardziba. Izvéles prieksrocibas un prioritaro vietu novietojuma
analize liecinaja, ka piemérotakie aizsardzibas rezimi ir dabas lieguma un dabas
rezervata zonas ar aizliegtu mezsaimniecisko darbibu.

Sis promocijas darbs ir viens no nedaudzajiem pacu ekologijas pétijumiem
boreo-nemoralaja regiona un vienigais ilgstosas siko ziditaju populacijas depre-
sijas laika. Turklat, ierosinatd dabas aizsardzibas planos$anas pieeja var tikt re-
gionali paplasinata (arpus Latvijas) un izmantota citam ekosistémam (paredzot
atbilstosu mode]sugu izveli).
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IEVADS

PétTjuma aktualitate

Pieradijumos balstitas prakses nozime biologiskas daudzveidibas saglaba-
$ana ir labi zinama. Tomeér piekluve nepiecieS$amajiem pieradijumiem ir sarez-
gita (Sutherland et al., 2004; Stewart et al., 2005; Gutzat and Dormann, 2020;
Hoffmann, 2022; Angelstam et al., 2023). Saja pétijuma es piedavaju ekologiskas
nisas analizé balstitu darba plasmu teritoriju prioritasu noteiksanai dabas kapi-
tala parvaldibas plano$anai. Ka modela organismu, kas pétits, izstradajot darba
plasmu, izmantoju nobriedus$u mezu specialistu sugu - apodzinu Glaucidium
passerinum. Un talak darba plasmu pieméroju sugu grupai ar dazada limena
biotopu specializaciju, no kuram daudzas atzitas par biologiskas daudzveidibas
indikatoriem un dabas aizsardzibas lietussarga sugam - pacém (Sergio et al.,
2006, 2005; Korpimaki and Hakkarainen, 2012; Brambilla et al., 2013; Rueda
et al,, 2013; Pakkala et al., 2014; Penteriani and del Mar Delgado, 2019). Sakara
ar pucu un dzenu lielo ekologisko saistibu un to augsto biologiskas daudzvei-
dibas indikatora vértibu (Angelstam and Mikusinski, 1994; Fayt, 2004; Bobiec
et al.,, 2005; Virkkala, 2006; Czeszczewik, 2009; Rueda et al., 2013; Pakkala et al.,
2014; Virkkala et al.,, 2022) promocijas darba nosléguma izvértéju rezultatus
par abam grupam, tadéjadi aptverot lielako dalu meza aizsardzibai nozimigako
lietussarga putnu sugu.

Lai ierobezotu “trok$nainu” dzivotnu piemérotibas analizes interpretaciju,
kas saistita ar pticu spécigo funkcionalo un skaitlisko reakciju uz to galvena
medijuma - strupastu - pieejamibu (sk. Ratajc et al, 2022 un Avotins et al.,
2023, un tajos minétas atsauces), tika pétita 1 saistiba. Mans pétijums pierada
siko ziditaju populaciju ciklu izsikumu Latvija, uzsverot, cik svarigi ir nemt véra
pléséju un upuru attiecibas sugu aizsardzibas planosana.

PétTjuma novitate

Sis ir pirmais pétijums boreo-nemoralaja regiona, kura ietvaros kvantitativi
novertéta siko ziditaju populaciju samazinasanas ietekme uz pacu populacijas
lieluma dinamiku un ligzdosanas raditajiem. Viens no svarigakajiem rezultatiem
liecina par siko ziditaju skaita ieprieks$éja rudeni ietekmi uz tpja ligzdo$anas re-
zultatiem. Pacu sugam svarigako siko ziditaju augstaka blivama biotopi ir saistiti
ar dzivotném, kas nozimigas picém ar populaciju samazinaganas vai negativam
ligzdo$anas raditaju tendencém, kas liecina par biotopu saglabasanas nozimi.

Izstradata aizsardzibai prioritaro teritoriju noteik§anas darba plisma ne
tikai sniedz biotopu piemérotibas novértéjumu, bet ari pieradijumus par da-
zadu aizsardzibas reZimu nozimi attieciba uz meZzsaimniecibas ierobeZojumiem,
turklat sniedz iespéju novértét eso$o dabas aizsardzibas tiklu. Turklat darba
plismas talaka aprobacija praktiskaja dabas aizsardziba, kas aptver seas picu
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un septinas dzenu sugas, uzskatama par apjomigu rezultatu mezu aizsardzibas
prioritasu noteik§ana. Turpmak $o pieeju var izmantot ari citam ekosistémam
un plasakiem regioniem.

Zinatniska hipotéze

Pacu sugam ar augstaku specializacijas limeni uz strupastém un Saurakam
baribas ni$am ir spécigaka negativa skaitliska reakcija uz siko ziditaju populaciju
ciklu apsikumu. Sis sugas ir vairak saistitas ar noteiktiem biotopiem vai ainavas
iezimém, kas jasaglaba, lai aizsargatu pucu sugas un to indicétas ekosistémas
vértibas.

Darba mérkis

Galvenais promocijas darba mérkis ir nodro$inat informativo bazi labakai
dabas aizsardzibas plano$anai un dabas kapitila apsaimnieko$anai Latvija, iz-
mantojot piices ka modela organismus.

Darba uzdevumi

Definéti sekojosi darba uzdevumi:

1. Kvantificét pacu populacijas lieluma un ligzdo$anas sekmju dinamiku valsts
limeni;

2. Analizét siko ziditaju populaciju ciklu apsikSanas ietekmi piicu populacijas;

3. [Izstradat un izmeéginat darba plasmu ekologiski jégpilnai telpiskajai dabas
aizsardzibas planosanai;

4. Jerosinat mezu biologiskas daudzveidibas aizsardzibai prioritaras vietas,
izvértéjot esoso aizsargajamo teritoriju tikla un funkcionalo zonu nozimi.

Originalo publikaciju saraksts
Sis promocijas darbs ir balstits sekojo3as publikacijas:

I Avotins, A., Avotins sen., A., Kerus, V., Aunins, A., 2023. Numerical
Response of Owls to the Dampening of Small Mammal Population Cycles
in Latvia. Life 13, 572. doi:10.3390/1ife13020572.

IT Vrezec, A., Saurola, P., Avetins, A., Kocijan¢i¢, S., Sulkava, S., 2018. A com-
parative study of Ural Owl Strix uralensis breeding season diet within its
European breeding range, derived from nest box monitoring schemes. Bird
Study. doi:10.1080/00063657.2018.1553026.

III Avotins, A., Kerus, V., Aunins, A., 2022a. National scale habitat suitability
analysis to evaluate and improve conservation areas for a mature forest
specialist species. Global Ecology and Conservation 38. doi:10.1016/j.gec-
c0.2022.e02218.

IV Avotins, A., Kerus, V., Aunins, A., 2022b. Ecogeographical variable dataset
for species distribution modelling, describing forest landscape in Latvia,
2017. Data in Brief 44. doi:10.1016/j.dib.2022.108509.
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Citas ar picu ekologiju, dzivotnu piemérotibas analizém vai vietu

prioritizésanu un izvéli aizsardzibai saistitas publikacijas

Di Marzio, A., Avotins, A., Kemere, M., Skérstina, R., 2023. Fluorescence
in European owls. Annales Zoologici Fennici 60: 31-51. doi: 10.5735/
086.060.0106.

Reihmanis, J., Avotins, A., 2022. Ka klajas tiem, kas baribas kédes augsgala?
Atbildes, ko sniedz plésigo putnu monitorings. Putni daba 2022/1: 40-43.

Bergmanis, M., Priednieks, J., Avotin$, A., Priedniece, I., 2021. Maza dze-
na Dryobates minor, vidéja dzena Leiopicus medius, baltmugurdzena
Dendrocopos leucotos, dizraiba dzena Dendrocopos major, trispirkstu dzena
Picoides tridactylus, melnas dzilnas Dryocopus martius un pelékas dzilnas
Picus canus aizsardzibas plans. Riga.

Reihmanis, J., Avotin$, A., 2021. Plésigo putnu monitorings 2020. gada. Putni
daba 2021/1: 29-33.

Avotins jun., A., Reihmanis, J., 2020. Plésigo putnu monitorings 2019. gada.
Putni daba 2020/1: 12-16.

Avotins jun., A., 2019. Apodzina Glaucidium passerinum, bik$aina apoga
Aegolius funereus, meza plces Strix aluco, uralptices Strix uralensis, ausainas
puces Asio otus un upja Bubo bubo aizsardzibas plans plans. Riga.

Avotin$ jun., A., Reihmanis, J., 2019. Plésigo putnu monitoringa iegutas zinas
par 18 sugu populacijas parmainu raditajiem. Putni daba 2019/1: 14-17.

Aunins, A., Avotins, A., 2018. Ekologiskas niSas un biotopu piemérotibas
modeli - riks dabas aizsardziba un vides plano$ana, in: Aigars, J. (Ed.),
Latvijas ekosisttmu dinamika klimata ietekmé. LU Akadémiskais apgads,
Riga, pp. 70-73.

Aunins, A., Avotins, A., 2018. Impact of military activities on bird species con-
sidered to benefit from disturbances: an example from an active military
training area in Latvia. Ornis Fennica 95: 15-31.

Avotins jun., A., Reihmanis, J., 2018. Noslégusies ceturta plésigo putnu moni-
toringa sezona. Putni daba 2018/1: 18-20.

Avotins jun., A., Kerus, V., 2018. Aicinam parbaudit plavu tilbites iespéjamas
ligzdosanas vietas. Putni daba 2018/1: 8-9.

Avotins jun., A., Reihmanis, J., 2017. Ligzdojo$o plésigo putnu fona monito-
rings 2016. gada. Putni daba 2017/1: 15-17.

Avotin$ jun., A., Reihmanis, J., 2016. Ligzdojo$o plésigo putnu fona monito-
rings 2014-2015. Putni daba 2016/1: 16-18.

Avotins jun., A., 2015 Putnu dzivotnu aizsardziba Raznas nacionalaja parka.
Putni daba 2015/3: 4-9.
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Ar piicu ekologiju, dzivotnu piemérotibas analizém vai vietu
prioritizésanu un izvéli aizsardzibai saistitas konferencu prezentacijas

Avotins, A., Vinogradovs, 1., Aunins, A., 2023. (mutisks zinojums) Observed
and modelled species distribution and population size: challenges and
gains. 81 international scientific conference of the University of Latvia,
Riga, 01.2023.

Avotins, A., Avotins sen., A., Kerus, V., Aunins, A., 2023. (mutisks zinojums)
Numerical response of owls to dampening of the population cycles of the
small mammals in Latvia. 81 international scientific conference of the
University of Latvia, Riga, 01.2023.

Avotins, A., Bergmanis, M., Priednieks, J., Kerus, V., Aunins, A., 2023. (mutisks
zinojums) Distribution modelling of owls and woodpeckers to evaluate
forest conservation in Latvia. 81 international scientific conference of the
University of Latvia, Riga, 01.2023.

Avotins, A., 2023. (mutisks zinojums) Examples of biodiversity and soil
distribution modelling with UL NMI cluster. 81* international scientific
conference of the University of Latvia, Riga, 01.2023.

Di Marzio, A., Avotins, A., Kemere, M., Skérstina, R., Di Marzio, G., 2023 (mu-
tisks zinojums) Fluorescence in European Owls. 81* international scientific
conference of the University of Latvia, Riga, 01.2023.

Avotins, A., Priednieks, ], Bergmanis, M., Aunins, A., 2022. (mutisks
zinojums) Modelling Owl and Woodpecker habitat suitability to evaluate
forest conservation in Latvia. 11" international conference on biodiversity
research, Daugavpils, 10.2022.

Daknis, P, Elferts, D., Avotin$, A., Kalvans, A., 2022. (mutisks zinojums)
Evaluation of LiDAR data utility in search for large nests. 11" international
conference on biodiversity research, Daugavpils, 10.2022.

Daknis, P, Elferts, D., Avotins, A., Kalvans, A., 2020. (mutisks zinojums)
LiDAR datu pielietojuma lietderibas izvértéjums lielo ligzdu meklésana. 80
international scientific conference of the University of Latvia, Riga, 02.2022.

Avotins, A., Aunins, A., Reihmanis, J., 2020. (mutisks zinojums) Latvijas plésigo
putnu populaciju lielumi un parmainu raditaji Putnu direktivas 12. panta
zinojumam (2013-2018). 80" international scientific conference of the
University of Latvia, Riga, 02.2020.

Avotins, A., Aunins, A., 2019. (mutisks zinojums) When is it going to be enough?
The Owl perspective for Latvian Woodlands. Problems in Biodiversity
Conservation in the Baltic Forests and Possible Solution, Riga, 25.11.2019.

Avotins, A., 2019. (mutisks zinojums) Aizsargajamas dabas teritorijas, mez-
saimniecibas aprobezojumi un Aichi biodaudzveidibas mérki meZos:
trakumi dabas teritorijas un iespéjas valsts limena planosana ar dzivotnu
piemérotibas modelé$anu. 79" international scientific conference of the
University of Latvia, Riga, 02.2019.
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Avotins, A., 2018. (mutisks zinojums) Priority sites for forest dwelling owl
protection: evaluation of habitat suitability. Forestry and Biodiversity:
International Perspectives on Trade-offs, Problems and Solutions, Riga,
05.-07.12.2018.

Avotins, A., Aunins, A., 2018. (mutisks zinojums) Factors prevailing distribu-
tion of Eurasian Pygmy Owl and setting conservation priorities in Latvia.
5% European Congress of Conservation Biology, Jyvaskyld, Finland,
12.-15.06.2018.

Avotins jun., A., Aunins, A., 2018. (mutisks zinojums) Apodzina Glaucidium
passerinum sastopamibu noteico$ie faktori un aizsardzibai prioritaras
teritorijas. 78" international conference of the University of Latvia, Riga,
02.2018.

Avotins jun., A., Ignatjevs, V., Avotin$ sen., A., Aunins, A., 2018 (mutisks
zinojums) Pucu baribas atlieku pielietojamiba siko ziditdju sastopamibas
parmainu nodro$inasana. 78" international conference of the University of
Latvia, Riga, 02.2018.

Avotin$ jun., A., Ignatjevs, V., Ulands, D., Rozenfelde, M., Zilgalvis, M.,
Aunins, A, 2017. (mutisks zinojums) Pirmie rezultati meza un ausainas
puces, uralptces, biksaina apoga un apodzina konstatésanas iespéjamibas
izmainu analizé. 77" international scientific conference of the University of
Latvia, Riga, 02.2017.

Avotins jun., A., Aunins, A., Avotins sen., A., Grandans, G., Lolans, U, 2016.
(mutisks zinojums) Population estimates and distribution of Tawny Owl,
Ural Owl, Pygmy Owl and Long-Eared Owl in Latvia: habitat based analysis.
4™ International Symposium “Research and Protection of Birds of Prey &
Black Stork in the Baltic Region’, Mednuriests, Latvija, 03.2016.

Avotins jun., A., Aunins, A., Avotins$ sen., A., Grandans, G., Lolans, U., 2016.
(mutisks zinojums) Latvija biezak ligzdojo$o pucu sugu populacijas izmainas
un péc biotopu sastopamibas aprékinata populacija. 74"™ international
scientific conference of the University of Latvia, Riga, 02.2016.

Reihmanis, J., Avotins, A., 2015. (stenda zinojums) A new raptor monitoring
scheme for Latvia: methodology and lessons from the first year. EURAPMON
final conference, Sierra Espuiia Natural Park, 09.-11.03.2015.

Rezultatu praktiska pielietoSana

Nozimigakais §1 promocijas darba praktiskais pielietojums ir oficiali apstip-
rinati seu picu un septinu dzenu sugu aizsardzibas plani Latvija. Sajos divos
dokumentos ietverti biotopu piemérotibas analizes rezultati, sugu aizsardzibai
prioritaro vietu noteik$ana un eso$a dabas aizsardzibas tikla Latvija novértéjums.
Svarigi, ka dokumenti ir ne tikai oficiali apstiprinati, bet arl vismaz daléji ieviesti
praksé, pieméram, obligatas vietu izpétes procediru ietvaros pirms ruapniecis-
kas attistibas (pieméram, véja generatoru parku izveido$anas) un stingrakas
teritorijas planosanas veida. Turklat $ie rezultati tiek izmantoti vairakos valsts
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finansétos projektos tipja aizsardzibai. Nedaudz parveidotas pieejas rezultati tiek
izmantoti aizsardzibas plano$ana zivsaimnieciba (projekts “ Jaras aizsargajamo
biotopu izpéte un nepiecieSama aizsardzibas stavokla noteik$ana Latvijas eks-
kluzivaja ekonomiskaja zona “ LIFE19 NAT/LV/000973 “Life Reef”) un putnu
sugu aizsardzibas un apdraudétibas statusa novértésana (projekts “Apdraudétas
sugas Latvija: uzlabotas zinasanas un kapacitate, informacijas aprite un izpratne”
LIFE19GIE/LV/000857 “Life for Species”).

Papildus ieprieks minétajam, biotopu piemérotibas modelé$anas un terito-
riju prioritasu noteik$anas darba plasma ir iestradata divos projekta pieteiku-
mos, aptverot desmitiem putnu un desmitiem citu dzivnieku sugu, kuru mérkis
ir veikt plasaku analizi un sniegt ieteikumus dabas aizsardzibas tikla spécigakai
noveérté$anai, sniedzot priekslikumus par nozimigakajam teritorijam meérktieci-
gai dabas aizsardzibai.

Doktora darba izstrades gaita istenotie projekti
(ar piicém vai biodaudzveidibas aizsardzibu saistTtie)

1. Vistu vanaga Accipiter gentilis monitoringa pilnveidos$ana un dzivotnu pie-
meérotibas telpiska modela izveide, valsts akciju sabiedriba “Latvijas valsts
mezi’, 2023 - $obrid, projekta vaditajs, datu analitikis.

2. Juras aizsargajamo biotopu izpéte un nepiecie$ama aizsardzibas stavokla no-
teikSana Latvijas ekskluzivaja ekonomiskaja zona, LIFE19 NAT/LV/000973,
2022 - $obrid, pétnieks.;

3. Apdraudétas sugas Latvija: uzlabotas zinasanas un kapacitate, informacijas
aprite un izpratne, LIFE19GIE/LV/000857, 2021 - $obrid, eksperts.

4. LigzdojoSo plésigo putnu fona monitorings, valsts biodaudzveidibas moni-
toringa programma, 2014 — Sobrid, projekta vaditajs, eksperts.

5. Sugas aizsardzibas plans putnu grupai “Dzeni”, dala no ES kohézijas fonda
projekta Nr. 5.4.2.1/16/1/001, 2019-2020, datu analitikis.

6. Putnu populaciju lielumu aprékinasana Putnu direktivas 12. panta zinoju-
mam, valsts finanséjums, 2019, datu analitikis.

7. Putnu populacijas Latvijas Natura 2000 vietu tikla, valsts finanséjums,
2017-2019, datu analitikis.

8. Sugas aizsardzibas plans putnu grupai “Piices’, dala no ES kohézijas fonda
projekta Nr. 5.4.2.1/16/1/001, 2017-2019, projekta vaditajs, datu analitikis.

9. Informacijas ieguve par ipadi aizsargajamo sugu meza sicista Sicista betu-
lina, Latvijas Vides Aizsardzibas fonds, 2016-2017, projekta vaditajs, datu
analitikis.

10. Latvijas ekosistému vértiba un tas dinamika klimata ietekmé (EVIDEnT),
valsts pétijumu programma, 2016-2018, zinatniskais asistents.
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1. TEORETISKAIS PAMATOJUMS

1.1. Pices Latvija

No 13 Latvija jebkad konstatétajam pucu sugam regulari (katru gadu)
ligzdo tikai se$as - apodzins$ Glaucidium passerinum (turpmak GLAPAS), bik-
$ainais apogs Aegolius funereus (AEGFUN), ausaina ptice Asio otus (ASIOTU),
meza puce Strix aluco (STRALU), uralpuce Strix uralensis (STRURA) un apis
Bubo bubo (BUBBUB). Lielaka dala $o sugu ir galvenokart nakts putni (iznemot
GLAPAS, kas ir kréslas putns) ar sléptu dzivesveidu. Tapéc §is sugas lidz pat
20. gs. otrajai pusei Eiropa (sk. Mikkola, 1983) un vél ilgak Latvija (sk. Avotins
jun., 2019) bija vaji izpétitas. Kop$ ta laika ir publicéti daudzi visaptverosi
pétijumi, kuros detalizéti aprakstita vairo$anas biologija, populaciju ekologija,
ka ari biotopu izvéle un pat dabas aizsardzibas plano$ana, ipasi Ziemeleiropas
borealaja zona (sk. Korpiméaki and Hakkarainen, 2012; Mebs and Scherzinger,
2000; Mikkola, 1983; Penteriani and del Mar Delgado, 2019). Tomér ir loti maz
pétijumu no boreo-nemorala regiona, iIpasi Baltijas valstim, tostarp Latvijas.
Pacu pétijumu sakums Latvija datéjams ar 20. gadsimta 80. gadu beigam, kad
tika izveidoti pirmie parauglaukumi ar nakts uzskaitém un ligzdu meklésanu
(Avotin$ sen., 2000, 1999a, 1999b, 1996, 1991, 1990a, 1990b, 1989; Avotins
sen. et al., 1999; Avotin$ sen. and Kemlers, 1993). Tie veidoja zinasanu bazi un
pamatu populaciju monitoringam musdienas (Avotin$ and Reihmanis, 2020),
sabiedriskas zinatnes projektiem un $im darbam.

1. tabula
Populacijas lielums, istermina un ilgtermina populacijas parmainas un
apdraudéjuma kategorija (balstits Eionet, 2020 un Kerus et al., 2021)

Suga Populacijas lielums Istermina Ilgtermina tendence Apdraudéjuma
(95% TI) tendence (periods) kategorija
(2007-2018)
GLAPAS 5883 (3671-9464) -23% -58% (2003-2018)  Jutiga
AEGFUN 1991 (1088-3651) 77% -92% (1990-2018)  Stipri
apdraudéta
ASIOTU 6788 (3766-12362) -26% -11% (1990-2018)  Jutiga
STRALU 16604 (12512-23925) 31% -22% (1990-2018)  Zemaka
apdraudéjuma
STRURA 3033 (1825-5381) -48% 44% (1990-2018) Jutiga
BUBBUB 24 (8-73) -30% Nezinams Kritiski
(1980-2018) apdraudéta
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Vieni no nozimigakajiem sabiedribas zinatnes pétjjumiem Latvija ir
ligzdojoso putnu izplatibas atlantu (1980-1984, 2000-2004, 2013-2017 un to
salidzinajums) rezultati (1. att.), ka arl sameéra apjomigs populaciju monitorings,
kas sniedz informaciju par populacijas lielumu un ta izmainam laika un tiek
izmantots Putnu direktivas 12. panta zinojumos (1. tabula). Sie divi informacijas
kopumi Jauj novértét apdraudéjuma kategoriju, pamatojoties uz IUCN regionala-
jiem kritérijiem (1. tabula). Ka redzams, lielaka dala pacu sugu ir apdraudétas un
to populacijas samazinas. Tomér populaciju izméri ir salidzino$i lieli (1. tabula),
un zinama izplatiba aptver lielako dalu valsts teritorijas (iznemot STRURA,
kuras novérojumu Latvijas rietumu dala gandriz nav; 1. att.). Saskana ar Eiropas
ligzdojoso putnu atlanta rezultatiem (Keller et al., 2020) Latvija atrodas katras
$aja darba analizétas sugas nepartrauktas izplatibas areala. Klimatisko ni$u ana-
lize Eiropas limeni liecina par labvéligu klimatisko ni$u Latvija paslaik un lidz
21. gadsimta beigam katrai sugai (Huntley et al., 2007).

(a) (b)

(c) (d)

© ®

1. attels. Registréta ligzdosanas izplatiba un tas izmainas divos ligzdojoso putnu
atlantos (2000-2004 un 2013-2017) se$am piacu sugam Latvija: (a) GLAPAS,
(b) AEGFUN, (c) ASIOTU, (d) STRALU, (e) STRURA, (f) BUBBUB. Samazinasanas ar
sarkanu, palielinasanas ar zilu, klatbaitne abos periodos ar oranzu (Kerus et al., 2021)
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Populaciju lieluma samazinaganas un sliktais aizsardzibas stavoklis ir ie-
mesls sugu aizsardzibas ekologijas pétijumu nepieciesamibai. Sadu pétijumu
nozimibu apstiprina fakts, ka daudzas puacu sugas tiek uzskatitas par biolo-
giskas daudzveidibas indikatoriem, biologiskas daudzveidibas bagatu biotopu
specialistiem un pat par lietussarga sugam dabas aizsardziba (Sergio et al.,
2006, 2005; Korpiméki and Hakkarainen, 2012; Brambilla et al., 2013; Rueda
et al., 2013; Pakkala et al., 2014; Penteriani and del Mar Delgado, 2019). Tomér
pucém ir spéciga funkcionala un skaitliska reakcija uz siko ziditaju, ipasi
strupastu, skaita svarstibam daba, kas janem véra, planojot ptcu aizsardzibas
pasakumus.

1.2. Strupastu nozime ekosistémas un piicu
populaciju procesos

Sikajiem ziditajiem ir augsta nozime ekosistémas funkcioné$ana un dazados
ekologiskos procesos. Vinu ietekme aptver gan dabiskas sukcesijas ietekmé$anu
(McCaffery et al., 2020), gan augu un mikroorganismu sabiedribu un kimiska
sastava veidosanu (Moorhead et al., 2017), gan siko ziditaju pléséju demografisko
procesu regulésanu (Solonen, 2005; Karell et al., 2009; Lehikoinen et al., 2011;
Saurola and Francis, 2018). Zimigi, ka siko ziditaju ietekme uz plésigo putnu
demografiju ir tik spéciga, ka, analizéjot plésigo putnu vairo$anas raditajus,
var atklat nozimigas sakaribas laika un telpa plésigo putnu vida (Sundell et al.,
2004). Borealajos regionos siko ziditaju populacijam ir raksturigi izteikti cikliska
skaita dinamika plasos laika periodos un attalumos (Hansson and Henttonen,
1985; Lindén, 1988; Sundell et al., 2004). Sada ciklu sinhronitate novérota ari
Rietumeiropa (Lambin et al., 2006) un Baltijas valstis aptveros$aja boreo-nemo-
ralaja regiona (Vili and Tonisalu, 2020; Bal¢iauskas and Balciauskiené, 2022a;
Baldiauskas and Bal¢iauskiené, 2022b).

Ir daudz pieradijumu par siko ziditaju, jo ipasi strupastu, nozimi pacém.
Strupastes ir nozimiga pucu baribas sastavdala, sakot no tadam specializétam
sugam ka ASIOTU (Village, 1981; Tome, 2003; Bal¢iauskiené et al., 2006; Birrer,
2009; Tome, 2009) un AEGFUN (Korpiméki and Hakkarainen, 2012) lidz vairak
generalistu sugam ka GLAPAS (Mikkola, 1983; Masoero et al., 2020), STRURA
(Mikkola, 1983; Vrezec et al., 2018), STRALU (Mikkola, 1983; Balciauskiené
et al., 2006; Grasyté et al., 2016) un BUBBUB (Penteriani and del Mar Delgado,
2019). Turklat strupastém ir biutiska nozime, veicinot augstaku reprodukciju
(Mikkola, 1983; Lehikoinen et al., 2011), izdzivosanu (Village, 1981; Solheim,
1984; Korpimaki and Hakkarainen, 1991; Brommer et al., 2002; Hakkarainen
et al., 2002; Saurola and Francis, 2004; Tome, 2011; Pavén-Jordan et al., 2013;
Masoero et al., 2020b), ka ari ietekme ptacu uzvediba (Kontiainen et al., 2009),
migracijas léemumus (Korpiméki and Hakkarainen, 2012) un dzives vésturé
ar parneses efektu (life history via carry-over effect; Brommer et al., 2004).
Lielaka dala pétijumu par $o tému ir veikti Fenoskandijai raksturigaja strupastu
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cikliskaja vidé, pétijumu Baltijas valstis ir maz (bet skatit Balciauskiené et al.,
2006 un Gragyté et al., 2016 un tur minétas atsauces).

1.3. Picu loma dabas aizsardziba

Daudzas no $aja darba pétitajam piacu sugam ir saistitas ar dabiskakam
ainavam un mazak apsaimniekotam vietam tajas. Pieméram, ASIOTU dod
prieksroku lauksaimniecibas ainavam ar garam lauku un meZzu malam, zalaju
dominanci vai citiem ekstensivi apsaimniekotiem laukiem ar lielu dazadu
ainavas elementu bagatibu (Wijnandts, 1984; Galeotti et al., 1997; Glue and
Nilsson, 1997; Holt, 1997; Butet and Leroux, 2001; Martinez and Zuberogoitia,
2004; Aschwanden et al., 2005; Sergio et al., 2008). Vel izteiktaka mazak ap-
saimniekotu teritoriju izvéle ir meza sugam, kuram ir svariga pat lokala biotopa
struktiras daudzveidiba un vietas saglabasanas vésture, pieméram, GLAPAS
(Strom and Sonerud, 2001; Ciach, 2005; Shurulinkov et al., 2007; Pa¢enovsky
and Sotnar, 2010; Baroni et al., 2021, 2020), AEGFUN (Sorbi, 1995; Ravussin
et al., 2001; Shurulinkov and Stoyanov, 2006; Hakkarainen et al., 2008, 1997;
Korpiméki and Hakkarainen, 2012; Santangeli et al., 2012; Brambilla et al.,
2013) un STRURA (Lahti, 1972; Sonerud, 1986; Priednieks et al., 1989; Lohmus,
2003; Vrezec, 2003; Tuule et al., 2007; Tuti$ et al., 2009; Bylicka et al., 2010).
Pat mezos ligzdojo$o sugu izplatiba un noturiba liela méroga ir saistita ar ai-
navas limena apsaimniekosanu, t. i, meza fragmentaciju (Rueda et al., 2013).
aizsardziba nozimigiem biotopiem, puces ka pléséji ir atzitas un lauka péti-
jumos pieraditas ka biologiskas daudzveidibas indikatori un lietussarga sugas
meza biologiskas daudzveidibas aizsardziba (Sergio et al., 2006, 2005; Pakkala
et al., 2014). Vél vairak, $ie biotopi ir nozimigi klimata parmainu (Chen et al.,
1995, 1993; Frey et al., 2016) un to izraisito sugu arealu mainas mazinasana
(Lehikoinen et al., 2018).

Lidz ar to vairakas pti¢u sugas ir ieklautas gan Eiropas (Eiropas Parlamenta
un Padomes 2009. gada 30. novembri pienemta Direktiva 2009/147/EK par sav-
valas putnu aizsardzibu (Putnu direktiva)), gan nacionalajos (Latvija; Ministru
kabineta 2000. gada 14. novembra noteikumi Nr. 396 “Noteikumi par ipasi aiz-
sargajamo sugu un ierobeZoti izmantojamo Ipasi aizsargajamo sugu sarakstu’;
Ministru kabineta 2007. gada 27. marta noteikumi Nr. 211 “Noteikumi par
putnu sugu sarakstu, kuram piemeéro ipasus dzivotnu aizsardzibas pasakumus,
lai nodrosinatu sugu izdzivo$anu un vairo$anos izplatibas areala”; Ministru kabi-
neta 2012. gada 18. decembra noteikumi Nr. 940 “Noteikumi par mikroliegumu
izveido$anas un apsaimnieko$anas kartibu, to aizsardzibu, ka ari mikroliegumu
un to buferzonu noteik$anu”) dabas aizsardzibas tiesibu aktos. Tomér no vismaz
20 putnu sugam, kuram konstatéta nepietiekama parstavétiba Eiropas nozimes
dabas aizsargajamo teritoriju tikla Natura 2000 (turpmak - N2k), devinas ir
mezos dzivojosas sugas, un Cetras no tam ir pices (Van Der Sluis et al., 2016).
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1.4. Natura 2000 tikls un meZu aizsardziba Latvija

Latvija, kas ir Eiropas Savienibas dalibvalsts, dabas aizsardzibas teritoriju
(IADT) tiklu galvenokart veido N2k teritorijas, kas veido lielako aizsargajamo
teritoriju tiklu pasaulé (Evans, 2012). Plasi pétjjumi liecina, ka N2k tikls ir pozi-
tivi ietekméjis putnu populacijas, tostarp Putnu direktivas 1. pielikuma ieklautas
sugas (Donald et al., 2007), valsts aizsargajamas sugas (Opermanis et al., 2008)
un ne aizsardzibas mérka sugas (Pellissier et al., 2019). Tomeér N2k tikla parkla-
jums dazadas Eiropas Savienibas dalibvalstis ievérojami atskiras (Evans, 2012;
Gruber et al., 2012).

N2k tikls, neraugoties uz ta sasniegumiem, ir ticis kritizéts par nepietie-
kamu ievie$anu, ka rezultata ir radusies trakumi biotopu un sugu aizsardziba
(Jantke et al., 2011; Gruber et al.,, 2012; Van Der Sluis et al., 2016). Turklat
teritoriju noteik$anas principi dalibvalstis nav bijusi konsekventi, un, iesp&jams,
tritkst pienacigas parvaldibas (Apostolopoulou un Pantis, 2009; Ioja et al., 2010;
Grodzinska-Jurczak un Cent, 2011).

2. tabula

Mezizstrades ierobezojumu apraksts dazados dabas aizsardzibas rezimos,
to platiba valsti, IADT un N2k. Telpiskie $kérsgriezumi balstiti Dabas
aizsardzibas parvaldes 2018. gada izsniegtajos slanos

Rezims Apraksts Ipatsvars Ipatsvars Ipatsvars
valsti (%) IADT (%) N2k (%)
Neitrala Tadi pasi ierobezojumi ka arpus 4,34 22,63 3,54
zona IADT
Ainavu Dala teritoriju ir sezonali mezizstrades 5,66 31,27 29,36
aizsardzibas  ierobezojumi (no 15. marta lidz 31.
zona jalijam). Kopuma: ierobezots kailcirtes

izmérs — parasti lidz 3 ha, bet atsevigkos
meZa tipos tas ir aizliegtas
Dabas parks  Dala teritoriju ir sezonali meZizstrades 2,80 14,77 24,43
ierobezojumi (no 15. marta lidz 31. jali-
jam), aizliegta kailcir$u un atvérumu, kas
lielaki par 0.1 ha, veido$ana, paréjie cir$u
veidi (ieskaitot galveno cirti) ir atlauti
Dabas liegums Sezonali meZizstrades ierobezojumi 3,63 17,75 29,38
(no 15. marta lidz 31. jalijam), vairuma
teritoriju aizliegtas galvena un krajas
kopsanas cirtes visas mezaudzés, ka
ari izlases cirte audzés, kuru vecums
parsniedz pusi no cirtmeta

Dabas Mezizstrade ir aizliegta 1,29 6,88 11,39
rezervats

Mikrolieguma Sezonals (atkariba no mérka sugas) 0,69 3,16 0,27
buferzona mezizstrades aizliegums

Mikroliegums Mezistrade ir aizliegts (ar iznémumiem), 0,67 3,54 1,63

neliela platiba
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N2k tikla noteik§ana dazkart ir bijusi trakumi sakara ar ekologiski un
statistiski pamatotu teritoriju atlases metozu izmanto$anas trikumu (Gruber
et al, 2012; Moilanen and Arponen, 2011). Turklat atbilstosas parvaldibas
trakums ir novedis pie neatbilstosas prakses, kas ir veicinajusi biologiskas
daudzveidibas samazinasanos (Tsiafouli et al., 2013; Kallimanis et al., 2015;
Rada et al., 2019).

Pétfjumi liecina, ka aptuveni 86% N2k teritoriju Latvija ietekmé lauk-
saimnieciska un mezZsaimnieciska darbiba, un meZsaimnieciba ir dominéjosa
cilvéka darbiba aptuveni 59% no $im teritorijam (Tsiafouli et al., 2013). Tas
ir bijis iespéjams, sakara ar funkcionalajam zonam ar dazadiem teritoriju
apsaimnieko$anas ierobezojumiem (2. tabula). MeZsaimniecibas ierobezojumu
dazadiba, kas registréta mezaudzes limena inventarizacijas datubazé “Meza
valsts registrs”, dazadas Latvijas N2k teritoriju funkcionalajas zonas ir pieejama
2. un 3. tabula.

3. tabula

Mezisaimniecibas ierobeZojumi (valsts meza zemes (mezaudZu un izcirtumu)
ipatsvars (%)) dazadas Latvijas N2k teritoriju funkcionalajas zonas (un
mikroliegumos) 2017. gada. Ailes, kas apzimé mazaku ierobeZojumu, neka paredzéts
(Ministru kabineta 2010. gada 16. marta noteikumi Nr. 264 “Ipasi aizsargajamo
dabas teritoriju visparéjie aizsardzibas un izmanto$anas noteikumi” un Ministru
kabineta 2012. gada 18. decembra noteikumi Nr. 940 “Noteikumi par mikroliegumu
izveido$anas un apsaimnieko$anas kartibu, to aizsardzibu, ka ari mikroliegumu un
to buferzonu noteiksanu”) ir iekrasoti peléka krasa, ar gaiSaku peléku krasu
noradot dazus iznémumus

§ @ 2 - =
] ) B ] = £ ]
E 2 g8 c 2 2 2
£ % %=: Be  BZ  E3 S
2 o N 5 2 o 5 0 ® s @ o
< = = >B - = > o= =
El- cho! S22 E=3 Ny & 5 £ B £
& R < £ < %2 =% < g A2 Z 8
Arpus IADT 0,25 0,04 0,32 3,31 0,06 74,82
Mikroliegums 1,31 0,0004 0,0006 0,004 0,008 0,016
Mikrolieguma 0,04 0,006 0,006 0,02 1,10 0,04
buferzona
Neitrala zona 0,01 0,004 0,01 0,17 0,0006 4,13
Ainavu 0,06 0,19 0,17 0,78 0,0008 5,65
aizsardzibas zona
Dabas parks 0,02 0,02 0,06 1,56 0,02 0,93
Dabas liegums 0,17 1,58 0,93 0,61 0,002 0,04
Dabas rezervats 1,31 0,17 0,06 0,004 0 0,02
Meza zemés 3,17 2,00 1,55 6,46 1,19 85,64
kopuma
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Tresaja tabula redzams, ka meZsaimniecibas ierobezojumi ir ne tikai N2k te-
ritorijas — aptuveni 3,98% meza zemju (mezaudzes un izcirtumi) ir meZsaimnieci-
bas ierobezojumi, lai gan tas atrodas arpus N2k tikla. Tapat redzams, ka lielai dalai
(aptuveni 11,9 % no kopéjas meza zemes (mezaudzes un izcirtumi)) aizsargajamo
teritoriju ir mazak ierobezojumu, neka paredzéts visparéja reguléjuma. Tas no-
rada uz iesp&jamo neatbilstibu starp teritoriju noteiksanas mérkiem un praktisko
ievie$anu, pieméram, formalu aizsardzibu, kas nevar sasniegt savu meérki. Lai
novertétu vietas ar aizsardzibas trikumiem un neatbilsto$u apsaimnieko$anas
praksi, ir ierosinats izmantot sugu izplatibas modelésanu (Guisan et al., 2013).

1.5. Sugu izplatibas modelésana un vietu prioritizéSana
aizsardzibai

Aizsardzibas biologija un biogeografija svarigs panémiens ir sugu geografis-
kas izplatibas prognozésana, pamatojoties uz vides apstakliem zinamajas sasto-
pamibas vietas (Phillips et al., 2004). Tomér tikai-klatbutnes datu parpilniba no
dabas kolekcijam un sabiedribas zinatnes projektiem (Gomes et al., 2018), ka
ari iztrakuma datu nepieejamiba (Graham et al., 2004) vai ap$aubama kvalitate
(Anderson et al., 2003) ir radijusi nepieciesamibu izstradat tikai-klatbatnes datu
analizes metodes. No §im metodém popularitati ir ieguvusi maksimalas entro-
pijas analize (Phillips et al., 2006), kas, atbildigi lietojot, ir parspéjusi lidzigas
pieejas (Phillips et al., 2009; Warren et al., 2010; Warren and Seifert, 2011; Elith
et al., 2011; Morales et al., 2017).

Stradajot ar datu kopam, kuras ir informacija par sugu sastopamibu (skaitu),
tradicionalas biostatistiskas metodes, pieméram, Puasona regresija, var radit
problémas nepilnigas konstatésanas dél, ka rezultata izplatiba vai sastopamiba tiek
noveértéta parak zemu. Lai risinatu nemarkétu dzivnieku nepilnigas konstatéSanas
problému, ir izstradatas hierarhiskas latento mainigo modelésanas metodes, kas
lauj risinat konstaté$anas procesus atseviski no ekologiskajiem procesiem (Kéry,
2011; Dénes et al.,, 2015). Sis metodes lauj nemt véra konstatésanas atikiribas,
kas saistitas ar uzskaites apstakliem un konstatésanas varbutibu, kuras pamata
ir novérotaja attalums (Kéry and Royle, 2016). Tomeér to pielietosana ir atkariga
no statistiski droas izlases struktiras (Buckland et al., 2004; Kéry et al., 2008).
Nesenie sasniegumi kvantitativaja biologija ir novedusi pie saistitas sugu izplati-
bas modelésanas (JSDM) sistémas izstrades, kas integré filogenétiskas attiecibas,
pazimes un kopigu sastopamibu ar biezak sastopamam sugam, nemot véra reto
sugu daudzumus saistiba ar kopigo vidi (Ovaskainen and Abrego, 2020).

Aprakstito analizes metozu rezultatus, pieméram, biotopu piemérotibas un
blivuma izplatibas kartes, var apvienot (Gomes et al., 2018), izmantojot sistému
un programmatiiru, lai noteiktu prioritates teritoriju aizsardzibai (Moilanen
et al.,, 2005, 2009). Biotopu piemérotibas un teritoriju prioritates noteik$anas
metoZu integracija nodrosina spécigu riku eso$a aizsargajamo teritoriju tikla
noveértésanai un uzlabojumu ierosinasanai.
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2. MATERIALI UN METODES

2.1. Siko ziditaju populaciju dinamika (Publikacjia I)

Siko ziditaju populaciju izpéte tika veikta no 1991. lidz 2016. gadam, iz-
mantojot lamatas. Tika izmantotas divas monitoringa shémas: pirmaja tika iz-
mantotas divas transektes katra teritorija, viena meza un otra zalaja (1. shéma).
Otra shéma ietvéra 11 transektes katra vieta, no kuram viena atradas zalaja, bet
desmit - dazados meza biotopos (2. shéma).

Pirma shéma tika veikta valsts monitoringa ietvaros no 1991. lidz 2011. ga-
dam. Katra transekté rudens sezona (augusts—septembris) tris lidz Cetras
dienas uzstadija 100 lamatas (izvietotas aptuveni 5 m attdluma cita no citas).
Brivpratigie daléji atkartoja $o monitoringu 2015. un 2016. gada. Visa shéma
tika istenota Cetras vietas, bet ne visas vietas tika uzraudzitas katru gadu.

Otraja shéma, ko brivpratigie veica 2012.-2016. gada rudens sezonas, katra
transekté, kas izvietotas Cetras teritorijas, tika izmantotas 20-25 lamatas, kas
izvietotas aptuveni 5 m attaluma cita no citas. Tomeér ne visas teritorijas tika
apsekotas katru gadu. Meza transektes tika iedalitas kategorijas, pamatojoties
uz augsnes auglibu (divas grupas), nosusinasanu (nosusinata vs. nenosusinata)
un mezaudzes vecumu (<7 gadi, <80% no rotacijas vecuma, > = 80% no ro-
tacijas vecuma), izmantojot Valsts meZza registra datus (meZaudzes limena
inventarizacijas).

Iespéjamas maksimumu un depresiju atskiribas tika novértétas, izmantojot
neapstradatu datu grafisko analizi un visparinatos linearos jaukto efektu mode-
lus (GLMM) ar Puasona saimi un log-saiknes funkciju (Zuur et al., 2009). Ta
ka atgkiribas starp teritorijam netika konstatétas, visi dati tika apvienoti popu-
lacijas limena gadu-indeksu noteik$anai ar TRIM (pilnais laika efektu modelis;
Pannekoek and Strien, 2005; Pannekoek et al., 2018) tris sugu grupu kopas:

1) apvienoti visiem nokertajiem sikajiem ziditajiem,

2) meza strupastes Clethrionomys glareolus,

3) Microtus gints strupastes.

Plasaku informaciju skat. promocijas darba I publikacija (Avotins et al.,
2023a).

2.2. Piicu baribas sastavs un baribas nisa (Publikacijas | un I1)

Pacu baribas sastava analize tika veikta, pétot ligzdas vai to tuvuma atras-
tas baribas atliekas un atrijas. Tika izmantoti tikai viena ligzdosanas gadjjuma
dati, kas ieguti, katru gadu parbaudot barus un dobumus (GLAPAS, AEGFUN,
STRALU, STRURA), vai ari pienemot, ka atrijas ilgaku laiku nevar saglabaties
atvértas ligzdas vai uz zemes (ASIOTU gadijuma). Materialu vaksana notika
rudeni vai ziema no bariem un dobumiem, ka ari mazulu gredzeno$anas laika
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no ASIOTU ligzdam. Materialu vaksanas laika rapigi tika iznemts viss mikstais
btiru un dobumu saturs, bet ASIOTU gadijuma tika savakti visi izmantojamie
materiali.

Vispirms es aprékinaju Levina ni$as dzilumu (FNB; Smith, 1982), lai ap-
rakstitu katras pucu sugas specializacijas limeni (ar butstrepa 95% TI; turpmak
teksta — 95% bCI), un novértéju ta izmainas laika gaita, izmantojot linearo
regresiju (LM) un linearo jaukto efektu modelésanu (LMM; Zuur et al., 2009).
Péc tam izmantoju visparinatos linearos un visparinatos linearos jaukto efektu
modelus (GLM un GLMM) ar binomialo saimi un logistisko saiknes funkciju
(Zuur et al., 2009), lai saistitu meza strupastu un Microtus strupastu biomasas
ipatsvaru pucu uztura ar novertétajiem populacijas indeksiem, lai aprakstitu
medijuma izveli.

Plagaku informaciju sk. promocijas darba I un II raksta (Vrezec et al., 2018;
Avotins et al., 2023).

2.3. Pucu populaciju dinamika un ligzdoSanas sekmes
(Publikacija I)

Pacu populaciju monitorings, lai novértétu izmainas laika gaita, tika veikts,
izmantojot teritoriju karté$anu ar balss ierakstu atskanosanu (Avotins sen., 2000,
1999a, 1996; Avotins sen. et al., 1999; Avotins sen. and Kemlers, 1993), no 1991.
lidz 2020. gadam pastavigos parauglaukumos. Papildus tam 2015.-2021. gada
valsts ligzdojoSo plésigo putnu monitoringa programmas ietvaros tika veiktas
pilniba standartizétas punktu uzskaites, ieklaujot balss ierakstu atskanosanu
(Avotin$ un Reihmanis, 2020).

Abu monitoringa programmu dati tika apkopoti, lai izveidotu populacijas
limena gadu-indeksu ar TRIM (pilnais laika efektu modelis), kas nodros$ina
ikgadéjos indeksus, ka ari kopéjas populacijas izmainas (Pannekoek un Strien,
2005; Pannekoek et al, 2018). Lai novertétu siko ziditaju populaciju ciklu
slapésanas ietekmi, salidzinaju pacu populaciju tendences pirms (1991-2004)
un péc (2004-2016) 2004. gada, kas bija pédéjais gads, kad siko ziditaju di-
namika sasniedza izteikta maksimuma limeni. Veicu linearo regresijas analizi
ar In-transformétiem ikgadéjiem relativa pacu populacijas lieluma indeksiem
(Sokal and Rohlf, 1995). Savukart, lai novertétu siko ziditaju skaita ietekmi
uz pucu ligzdo$anas rezultatiem, izmantoju divas Spirmena rangu korelacijas
analizes kopas (Sokal and Rohlf, 1995):

1) ligzdosanas raditaji un siko ziditaju populacijas indeksi ligzdoSanas

gada, lai aprakstitu pielago$anas spéju; un

2) ligzdoSanas raditaji un siko ziditaju populacijas indeksi gadu ieprieks,

lai novértétu iespéjamo parneses efektu.

Kopéjais pacu vairo$anas raditaju apraksts tika aprékinats ka vidéjais ra-
ditajs un 95 % bCIL. Plasaku informaciju skatit promocijas darba I publikacija
(Avotins et al., 2023a).
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2.4. Uralpices bartbas sastava un ligzdoSanas sekmju
salidzinajums Eiropa (Publikacija II)

Tika salidzinati Slovénijas, Latvijas un Dienvidsomijas dati par ligzdosanas
sekmém (mazulu skaits gredzeno$anas bridi vai atstajot ligzdu) un baribu
(sadalot tos labos un sliktos gados, pamatojoties uz ligzdo$anas sekmém) no
2005. Iidz 2016. gadam. Lai izpétitu biogeografiskos un regionalos funkciona-
las reakcijas modelus STRURA bariba, ka skaidrojosie faktori tika izmantotas
upuru taksonomiskas grupas (% no biomasas un upuru sugu daudzveidiba)
un upuru sugu pazimju grupas (% no skaita). Atskiribas starp regioniem no-
vértéju, aprékinot kvadratiskos Mahalanobisa attalumus (D?) starp kanonisko
mainigo vidéjiem lielumiem. Sis statistiskais raditajs rada, cik efektivi var atskirt
grupas, pamatojoties uz ieklautajiem skaidrojosajiem mainigajiem (Tabachnick
and Fidell, 1996). Lai analizétu saistibu starp ligzdo$anas sekmém un uzturu,
tika izmantota klasiska GLM (Puasona saime ar logaritmisko saiknes funkciju)
pieeja (Sokal and Rohlf, 1995).

Plasaka informacija ir sniegta promocijas darba II publikacija (Vrezec et al.,
2018).

2.5. Dzivotnu piemérotibas analize (Publikacijas Il un IV)

2.5.1. Klatbatnes dati

Dati $im pétijumam tika iegiti no divam galvenajam datubazém, kuras gla-
bajas geografiski piesaistita informacija par sugam. Pirma datubaze ir tie$saistes
novérojumu portals “Dabasdatilv’, kura apkopoti dati, kas iegtti sabiedriskas
zinatnes projektos, ka arl ki gadijuma rakstura novérojumi. Otra datubaze ir
formala valsts dabas datu kratuve, kura glabajas informacija no oficialajam
inventarizacijam un monitoringa projektiem. Tika atlasiti novérojumi no 2010.
lidz 2017. gadam. Analizé tika nemti véra tikai tie novérojumi, kas bija saistiti ar
potencialu ligzdosanu. Turklat tika ieklauti novérojumi, kas bija precizi novietoti
karté un jeguti vietas, kur 500 metru radiusa péc novérojuma nebija acimre-
dzamu zemes seguma izmainu.

2.5.2. Ekogeografisko mainigo slani

Saja pétijuma tika izmantoti valsts méroga dati no dazadiem avotiem, lai
izveidotu mainigos, kas raksturo biotopu un ainavas raksturlielumus dazados
meérogos: vietas (500 m jeb 25 ha rastra tikla $tna), ligzdoSanas iecirkna (1250
m radiusa jeb 490 ha) un ainavas (2500 m radiusa jeb 1960 ha). Lai nodro$inatu
datu apstrades konsekvenci, visas vektoru datu kopas tika rasterizétas 25 m tikla
§0na, saglabajot atbilstosu pikselu izvietojumu, koordinatu sistému un aptverot
visu valsts iekizemes teritoriju. Sos 25 m rastrus izmantoja ka ievades datus
talakai apstradei, tostarp apkopo$anai lidz 25 ha rastra $inam, kas analizé tika
izmantotas ka ekogeografiskie mainigie (EGV).
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Detalizéts katra izmantota mainiga lieluma apraksts un to iegti$anai iz-
mantotas procediras atrodamas IV publikacija (Avotin$ u. c., 2022b) un sugu
aizsardzibas planos (Avotin$ jun., 2019; Bergmanis et al., 2021). Pirms analizes
visiem mainigajiem tika veikta Box-Cox transformacija (Sakia, 1992), lai vei-
cinatu modela konvergenci un samazinatu apstrades laiku. No kopuma 635
izveidotajiem EGV tika atlasiti ekologiski nozimigi mainigie, pamatojoties uz
eso$ajam zinaganam par sugu ekologiju un to nozimi heterogenitates atspogu-
lo$ana dazados mérogos (parskats Avotin$ jun., 2019; Bergmanis et al., 2021).

Lai gan MaxEnt analize parasti tiek uzskatita par noturigu pret prognozéjoso
mainigo savstarpéjam korelacijam (Phillips et al., 2006), es veicu parbaudes, lai
noteiktu $o mainigo multikolinearitati. Lai nodrosinatu, ka prognozes mainigie
nerada parmeérigu ietekmi uz parametru aplésém (Montgomery et al., 2012),
izvéléjos mainigo kopu ar dispersijas inflacijas koeficienta vértibam zem 10
(Avotins et al., 2022b).

2.5.3. Piepiles slanis

Lai mazinatu izlases ietekmétibu, ko rada aizsargajamo teritoriju, projektu
vietu un popularu putnu vérosanas vietu parmeériga parstavétiba, kas raksturiga
oportinistiskiem un sabiedribas zinatnes datiem, es izmantoju piepiles slani
(Phillips et al., 2009; Elith et al., 2011). Saja slani visam vietam, kuras ir zinams,
ka attieciga suga tas aktivitates laika ir aktivi mekléta, izmantojot sugai specifis-
kas metodes, pieskiru vértibu “1”. Ieklaujot $o slani, es centos novérst un korigét
jebkadas novirzes no nejausa sadalijuma, un nodro$inat reprezentativaku datu
kopu analizei.

2.5.4. MaxEnt iestatTjumi un modela izvéle

Lai noteiktu vispiemérotako modeli, tika izveidots 31 modela kopums, ne-
mot véra visas iespéjamas pazimju tipu (algoritmu) kombinacijas ar nokluséjuma
beta reizinatajiem, vienlaikus saglabajot fiksétus citus nokluséjuma iestatijumus.
Katram modelim tika veiktas 10 iek$éjas validacijas, izmantojot MaxEnt 3.4.1
saskarni maksimalas entropijas analizei, un tiesie rezultati tika saglabati talakai
izvértéSanai.

Lai novértétu parmérigu pielagosanos, es vizuali parbaudiju katra modela
parametru apléses. Modelus, kuros bija redzamas ekologiski bezjédzigas para-
metru atbildes (pieméram, zaga zobiem lidzigas liknes) un izlaiS$anas atruma
(omission rate) atbildes, kas nesakrita ar prognozéto izlaiSanu, uzskatiju par
parak pielagotiem. Lidz ar to modeli ar masin-definétam sliek§na pazimém tika
noraiditi. Turpmakai modelu novérté$anai un salidzinasanai es devu prieks-
roku AICc (maziem izlases apjomiem korigétais Akaike informacijas kritérijs)
vértibu izmanto$anai, nevis AUC (Area Under the Curve) (Warren and Seifert,
2011; Morales et al.,, 2017). AICc vértibas tika aprékinatas no katra modela
neapstradatiem izejas failiem. Konkréti, es aprékinaju AICc veértibu katram
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no 10 atkartojumiem katrai pazimju kombinacijai un salidzinaju AICc vértibu
medianu, vidéjo vértibu un diapazonu starp modeliem. Par labako modeli tika
izvéléts modelis ar zemako AICc medianas un AICc vidéjo vértibu. Péc tam
$is labakais modelis tika parveidots, lai izveidotu komplementara logaritma
(cloglog) transformétu izejas karti, kas péc tam tika izmantota aizsardzibas prio-
ritaro teritoriju zonésana un turpmakajos novértéjumos.

2.6. Prioritarizacija aizsardzibai (Publikacija 111)

Ta ka fragmentacija jau ir ieklauta biotopu piemérotibas kartg, tika izmantots
kodolzonu algoritms, kas ieklauts aizsardzibas prioritaro teritoriju noteikSanas
sistéma Zonation, ka aprakstits Moilanen et al. (2005, 2009). Lai noteiktu aiz-
sardzibai prioritaras vietas, nenoteiktibas analizé tika izmantotas cloglog trans-
forméta modela vidéja vértiba un tas standartnovirzes kartes, iterativi atmetot
10 $unas katra soli. Analizes laika mans mérkis bija noteikt prioritaras vietas,
kas samazinatu sugas izmirSanas risku, nemot véra Zonation programmatiras
nokluséjuma sugas un platibas attiecibas iestatijumus (Moilanen et al., 2009).
Lai noteiktu prioritaras vietas, tika salidzinatas dazadas robezu garuma soda
vértibas (0, 0,0005, 0,005, 0,05, 0,1, 0,2), kas lava iznemt $tnas no atlikuSajiem
klasteriem, nevis tikai no malam. Tika izmantots slieksnis, kura pamata ir sugas
$kietamas izplatibas un izmir$anas riska dalas parklaganas punkts attieciba pret
zaudéto ainavas dalu. Prioritaras vietas (PS) tika noteiktas pa labi no $1 “lidz-
svara” punkta.

Papildu kritériji PS atlasei bija, ka tajas jabut vismaz vienai ligzdoSanas te-
ritorijai vai ari tam jakalpo ka butiskiem atspériena punktiem sugas izplatibai.
GLAPAS gadijjuma tika izslégtas teritorijas, kas mazakas par 100 ha (bet ne
citam sugam, papladinot un pielietojot darba plasmu). Izvélétais 100 hektaru
slieksnis ir pamatots ar pétijumiem ar individuali markétiem putniem (Strom
and Sonerud, 2001) un ir atzits par atbilstosu Latvijas apstakliem (Avotin$ jun.,
2019). Prioritaro vietu izslégsana neradija savienotibas zudumu starp atlikusajam
vietam natalas dispersijas attaluma medianas robezas (14 km, vidéjais attalums
starp téviniem un matitém Somija, saskana ar Valkama et al., 2014).

Lai salidzinatu dazadus zonéjumus, tika aprékinata to relativo punktu
summa, nemot véra izmirSanas risku, atlikusas populacijas izplatibu, zaudéto
ainavas dalu, kumulativo summu, vidéjo un standartnovirzi attieciba uz biotopu
piemérotibu atlikusajas prioritarajas vietas. Mérkis bija péc iespéjas samazinat
izmir$anas risku un PS skaitu ar zemu dzivotnu piemérotibu sugai, vienlaikus
maksimali palielinot atlikuso izplatibu, ka ari kumulativo un vidéjo biotopu pie-
meérotibu. Lai nemtu véra nepartraukti mainigas atskiribas starp rezultatiem, tika
izmantoti relativie punkti, nevis rangi. Labaka zonéjuma atlases procedura tika
veikta ar analizes iz$kirtspéju 25 ha $tna. Tomer, lai uzlabotu robezu precizitati,
dabas aizsardzibas zonas tika novértétas, izmantojot tiklu, kura izskirtspéja ir
rastrs ar $tinas malas garumu 25 m.
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2.7. Aizsargajamo teritoriju izvértéjums (Publikacija I11)

Lai novértétu eso$o dabas aizsardzibas teritoriju (IADT) tiklu, biotopu
piemeérotibas karte tika parklata ar IADT karti un tika aprékinata biotopu pie-
mérotibas apraksto$a statistika $ajas teritorijas. Si analize lava izprast biotopu
piemérotibas izplatibu un raksturlielumus IADT. Péc tam PS karte tika parklata
ar IADT Kkarti, nemot véra visas parklasanas zonas starp dazadiem IADT re-
zimiem. Parklasanas gadijumos tika izmantota stingraka kategorija (zemaka
2. tabula), lai teritoriju pieskaititu konkrétam aizsardzibas rezimam. Lai novér-
tétu biotopu piemérotibas pakapi IADT un PS ietvaros, tika salidzinata biotopu
piemérotibas dala un platiba starp $iem telpiskajiem slaniem.

Lai novertétu sugas populacijas dalu, kas paslaik ir aizsargajama, ka Skietamas
populacijas raditajs tika izmantota kumulativa biotopu piemérotiba. Tadéjadi
varéja nemt véra ierosinato IADT paredzamo ieguldijumu sugu aizsardziba, ka
ar1 IADT un eso$o aizsardzibas rezimu kopéjo ietekmi. Lai aprakstitu aizsar-
dzibas rezima nozimigumu, tika izmantots tradicionalais preferen¢u indekss,
ievérojot Duncan (1983) un Hunter (1962) metodologiju. Sis indekss svarstas
no 0 (kas norada uz pilnigu izvairi$anos) lidz 1 (kas liecina, ka populacija ir
sadalita proporcionali reZima pieejamibai), un pieaugosas vértibas norada uz
preferenci. Turklat, pamatojoties uz rezimu platibu proporcijam un zonéjuma
analizes rezultatiem, tika aprékinata izredzu attieciba aizsardzibas rezimam ie-
tilpt sugas PS. Apvienojot tradicionalo preferencu indeksu un izredzu attiecibu,
tika noteikti sugu aizsardzibai piemérotakie rezimi.
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3. REZULTATI

3.1. Siko ziditaju populaciju dinamika (Publikacija I)

Ta ka, veicot grafisko novértéjumu un GLMM analizi, netika konstatétas
batiskas atskiribas starp parauglaukumiem (Avotins et al., 2023a), visi kerSanas
dati tika apvienoti, lai veiktu populacijas izmainu analizi. Visi modeli liecinaja
par statistiski nozimigu populaciju samazinasanos (siko ziditaju kopskaits § =
0,9671 + 0,0083, p = 0,0007; Microtus strupastes S = 0,9306 = 0,0167, p = 0,0005;
meza strupastes Clethrionomys glareolus S = 0,9706 + 0,0128, p = 0,0325).
Protams, siko ziditaju populaciju dinamika nebija lineara — gadu indeksi attéloti
2. attéla (a-c).

Stkie ziditaji Microtus sp.

o4

Populacias indekss (atskaites gads=1991)

Populacias indekss (atskai

(c) (d)

2. attéls. Populacijas indeksa vértibas ar standartklidam: (a) sikie ziditaji kopuma;
(b) Microtus strupastes; (c) meza strupastes; un (d) siko ziditaju gada indeksu
autokorelacijas funkcijas analize, punktétas linijas norada nozimiguma slieksni

Meérenas skaita cikliskas svarstibas bija vérojamas 20. gadsimta beigas un
21. gadsimta sakuma, vélak to amplitida un biezums izzuda (2. attéls (a-c)).
Pédéjais maksimums Microtus strupastém (2. attéls (b)) un sikajiem zidita-
jiem kopuma (2. attéls (a)) bija 2004. gada, bet meza strupastém - vél agrak
(2. attéls (c)). Tika konstatéta mérena (r = 0,5604) un statistiski nozimiga
(tas = 3,3146, p = 0,0029) korelacija starp meza un Microtus strupastu popu-
laciju indeksiem, tomér nevienas grupas indeksos netika konstatéta izteikta vai
statistiski nozimiga autokorelacija (2. attéls (d)).
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3.2. Piicu baribas sastavs ligzdoSanas sezona (Publikacija I)

FNB analize atklaja, ka STRALU un STRURA ir generalisti ar kop&jo FNB
attiecigi 5,125 (95% bCI 4,867-5,423) un 4,485 (95% bCI 4,201-4,758). Turklat
abam sugam FNB vértibas laika gaita palielinajas (LMM: p = 0,0840 + 0,0198;
1oty = 4:249; p < 0,0001 STRALU un LM: p = 0,0499 + 0,0227; £, = 2,194; p =
0,0325 STRURA). GLAPAS uzradija mérenu FNB 3,526 (95% bCI 2,355-4,756)
un nenozimigas izmainas laika gaita (LM: = 0,0420 + 0,1136, t, = 0,369, p =
0,727), kas norada uz augstaku specializacijas limeni salidzinajuma ar iepriekse-
jam sugam. Visaugstakais specializacijas limenis ($aurakais FNB) bija ASIOTU
ar FNB 1,629 (95 % bCI 1,429-2,002) un bez izmainu tendencém laika (LM:
B = 0,0010 + 0,0176, ty, = 0,059, p = 0,953). Diviem analizétajiem AEGFUN
paraugiem FNB bija 1,588 un 4,318.

4. tabula

Picu baribas sastava masas ipatsvara apraksts ar tas sastopamibas indeksu daba
(pirmas divas rindas katrai pii¢u sugai) un to savstarpéja korelacija

Piices Upuris B + SE Testa  p-vertiba AlICc R4/ R
. ‘g ICC
suga (indekss)* statistika Re g,

STRALU Meza 0,0248 + 0,0057 4,359 <0,0001 5693,822  0,0005 0,134 0,133
strupastes
Microtus 0,1302 + 0,0061 21,520  <0,0001 14934,823 0,004 0,191 0,189
strupastes
Meza -0,0138 + 0,0116 -1,189 0,2340 5711,112 <0,0001 0,134 0,134
~Microtus

STRURA Meza -0,1116 + 0,0072  -15,570 <0,0001 4693,187  0,0581
strupastes
Microtus 0,1275 £ 0,0100 12,720  <0,0001 6132,077  0,0268
strupastes
Meza -0,1658 + 0,0175 -9,497 <0,0001 4865,001  0,0208
~Microtus

GLAPAS Meza -0,4168 + 0,0717 -5,812  <0,0001 261,048 0,178
strupastes
Microtus 0,2136 £ 0,0556 3,839 0,0001 220,591 0,073
strupastes
Meza -0,9097 + 0,0811 -11,220  <0,0001 145,446 0,613
~Microtus

ASIOTU Meza -0,5294 + 0,0497 -10,640 <0,0001 761,318 0,215
strupastese
Microtus 0,0611 £+ 0,0138 4,419 <0,0001 599,700 0,044
strupastes
Meza -1,2718 + 0,1208  -10,530  <0,0001 705,794 0,276
~Microtus

* Upuris Meza~Microtus raksturo meza strupastu Ipatsvaru bariba atkariba no Microtus sp.

strupastu sastopamibas daba.
** Rly\tcradden ZinOts GLM gadijuma; R, 0a — GLMM gadijuma.
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Salidzinot strupastu ipatsvaru (sugu grupas) pucu bariba ar to attiecigajiem
populacijas raditajiem, redzamas spécigas pozitivas korelacijas Microtus strupa-
stém (4. tabula) un dazadu virzienu korelacijas meza strupastém (4. tabula).
Meza strupastes ipatsvars STRALU bariba pozitivi korelé ar tas izplatibu daba,
kas vél vairak apstiprina sugas augsto plastiskumu, jo visam paréjam pucu su-
gam FNB bija ievérojami zemaks un korelacijas virziens ir negativs. Negativo
virzienu starp meza strupastes daudzumu pucu bariba un tas populacijas in-
deksa vértibu var argumentét ar to, ka sugai ir liela nozime, lai varétu notikt vai-
ro$anas, bet prieksroka tiek dota citam sugam. Lai parbauditu So preferenci, tika
veikta korelacija starp Microtus strupastu populacijas indeksa vértibu un meza
strupastu Ipatsvaru pucu bariba, un ta paradija skaidru negativu korelaciju, kas
bija saméra spéciga un nozimiga visam sugam, iznemot STRALU (4. tabula).

3.3. Pucu populacijas parmainas (Publikacija I)

Populacijas parmainu rezultati dazadam puacu sugam ir atskirigi. No
1990. lidz 2021. gadam (vai no 1993. lidz 2021. gadam - STRURA gadijuma;
S = 1,002 + 0,005, S = 1,014 + 0,012, S = 0,992 + 0,010) STRALU, STRURA
un ASIOTU novérota stabila kopéja populacijas tendence. Tacu tika novérots
spécigs samazindjums GLAPAS (2004-2021; S = 0,965 + 0,017) un AEGFUN
(1990-2021; S = 0,934 * 0,020). Salidzinot pacu populacijas relativa lieluma
tendences pirms un péc siko ziditaju ciklu apsikuma 2004. gada, var konstatét
tendences, kas saistitas ar baribas ni$u (5. tabula). Katras analizétas sugas gada
raditajus skatit I publikacija (Avotins et al., 2023a).

STRALU relativa populacijas lieluma tendencém pirms un péc siko ziditaju
ciklu apsikuma netika konstatétas statistiski nozimigas atskiribas (5. tabula).
Savukart STRURA gadijuma pirms apsikuma bija vérojama izteikta pieauguma
tendence, kurai péc siko ziditaju populaciju ciklu slapésanas sekoja samazinasa-
nas (5. tabula), kas saglaba nozimigumu ari ilgak - lidz 2021. gadam (Avotins
et al., 2023a). Jaatzimé, ka GLAPAS tendencei no 2004. lidz 2016. gadam bija
tads pats slipums ka no 2004. lidz 2021. gadam, kas liecina par ilgstosu negativu
ietekmi, ko var saistit ar siko ziditaju populaciju ciklu apsikSanu (5. tabula;
Avotins et al., 2023a). To daléji apstiprina ASIOTU un AEGFUN relativo popu-
laciju tendences.

AEGFUN populacijas samazina$anas 2004.-2016. gada skietami bija sa-
lidzinosi mazak izteikta (5. tabula), tomér, analizéjot laikposmu no 2004. lidz
2021. gadam, slipums bija tads pats ka 1990.-2004. un 1990.-2021. gada (Avotins
et al., 2023a). Ta ka ir zinams, ka suga ir migréjosa un tai ir adaptiva migracijas
uzvediba (Korpimiki and Hakkarainen, 2012), ir ticams, ka Latvijas apakspopu-
laciju kadu laiku uzturéja imigracija no metapopulacijas ziemelu dalas. Lidzigi ir
ari ar vél izteiktak migréjoso sugu ASIOTU - populacijas tendence no 2004. lidz
2016. gadam batiski neatskiras no 1990. lidz 2004. gadam, bet, rékinot no 2004.
lidz 2021. gadam, samazinasanas klast ievérojami straujaka. Tas atkal liecina
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par iespéjamam populaciju savienotibas prieksrocibam, ka ari (izdzivosanas
izraisitu) aizkavétu reakciju uz samazinasanos vairo$anas raditajos.

5. tabula

Pucu populaciju parmainu raditaju tendencu apraksts laika ar izteiktiem (“Pirms”)
un noplicinatiem (“Péc”) siko ziditaju populacijas cikliem. Modela koeficienti ir
logaritmiskaja skala

Piices suga Parametrs B = SE Testa p-vértiba  df* R2adj.**
statistika

STRALU Brivais loceklis  0,1178 + 0,0396 2,978 0,0062 26  -0,1096
Laiks 0,0016 + 0,0043 0,368 0,7159

Pirms reference
Péc <0,0001 £ 0,0059 <0,0001 1
Laiks: Péc <0,0001 £ 0,0006 <0,0001 1

STRURA Brivais loceklis  0,1389 + 0,1361 1,020 0,319 21 0,5837
Laiks 0,0319 £ 0,0179 1,783 0,089

Pirms reference
Péc 1,1350 £ 0,1925 5,898  <0,0001
Laiks: Péc -0,1354 + 0,0253 -5,361 <0,0001

GLAPAS***  Brivais loceklis  0,0069 + 0,07470 0,093 0,9279 11 0,4368
Laiks -0,0339 + 0,0106 -3,210 0,0083

ASIOTU Brivais loceklis  -0,8450 + 0,2688 -3,144 0,0046 23 -0,0302
Laiks -0,0143 + 0,0328 -0,436 0,6666

Pirms reference
Péc 0,3087 £ 0,3801 0,812 0,4250
Laiks: Péc —-0,0080 + 0,0464 -0,172 0,8651

AEGFUN Brivais loceklis -0,5246 + 0,0331 -15,855  <0,0001 23 0,9740
Laiks -0,0607 £ 0,0040 -15,033  <0,0001

Pirms reference
Péc -0,7508 + 0,0468 -16,043  <0,0001
Laiks: Péc 0,0183 + 0,0057 3,211 0,0039

* df ir vienadas visiem parametriem.
** veértibas raksturo modeli kopuma.
*** GLAPAS dati pieejami tikai kop$ 2004. gada.

3.4. Pucu ligzdosanas sekmes (Publikacija I)

Vidéji STRALU bija 2,32 (95% bCI 2,23-2,40) un STRURA bija 1,69 (95%
bClI 1,58-1,80) mazuli sekmiga ligzda. Nevienai no §im sugam netika novérotas
parmainas laika (LM: B: -0,0041 + 0,0088, t,s = 0,467, p = 0,645 un LM: B:
-0,0014 + 0,0122, t,y = 0,112, p = 0,912 attiecigi STRALU un STRURA). Netika
konstatétas arl korelacijas ar strupastu daudzuma raditajiem daba ne vairo$anas
gada, ne iepriekséja gada (6. tabula).
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Tomér ASIOTU ar vidéji 2,54 (95% bCI 2,38-2,72) iz8kilusos mazulu uz
vienu sekmigu ligzdu $is populacijas parametrs 16 gadu laika bija samazinajies
par aptuveni vienu mazuli sekmiga ligzda (p: -0,0627 + 0,0297, t,, = 2,109,
p = 0,0466). Lai gan tas sakrit ar siko ziditaju populacijas ciklu apsikumu, ne
ligzdo$anas gada, ne ieprieks$éja gada netika konstatéta korelacija ar strupastu
sastopamibas raditajiem (6. tabula).

Atskirigi $is process notika BUBBUB, kam vidéji sekmiga ligzda bija 2,26
(95% bCI 2,04-2,46) iz8kilusies mazuli. BUBBUB sekmém bija vérojams sama-
zinajums par aptuveni vienu mazuli 22 gados (f: —0,0450 + 0,0137, t,, = -3,293,
p =0 > 0,0036), kas sakrita ar siko ziditaju populacijas ciklu apsikuma periodu.
Turklat vairo$anas raditaji pozitivi koreléja ar siko ziditaju skaita raditajiem
vairo$anas gada un iepriek$éja gada (6. tabula). Vel vairak, §1 korelacija bija
izteiktaka ar gadu pirms vairo$anas (6. tabula), tadéjadi noradot uz siko ziditaju
(ipasi strupastu) skaita parneses ietekmi (carry-over effect) uz sugas vairo$anas
raditajiem nakamaja gada.

6. tabula

Spirmena korelacijas analizes rezultati vidéjam ik gadu izvesto mazulu skaitam un
siko ziditaju sastopamibai ligzdo$anas gada un gadu pirms tas (apziméts ar ')

Piices suga Upuris (indekss) T, p-vértiba  Gadu skaitss S
STRALU Sikie ziditaji -0,1152 0,5737 26 3262
Microtus strupastes -0,1391 0,4962 26 3332
Meza strupastes 0,0338 0,8700 26 2826
Sikie ziditaji~! 0,1300 0,5341 25 2262
Microtus strupastes™ 0,1377 0,5100 25 2242
Meza strupastes! 0,1946 0,3496 25 2094
STRURA Sikie ziditaji -0,0179 0,9340 24 2341,1
Microtus strupastes 0,0545 0,8005 24 2174,8
Meza strupastes -0,0863 0,6886 24 2498,4
Sikie ziditaji~! -0,1788 0,4145 23 2385,8
Microtus strupastes™ -0,2104 0,3351 23 2449,9
Meza strupastes™ 0,0218 0,9214 23 1979,9
ASIOTU Sikie ziditaji 0,0805 0,7755 15 514,92
Microtus strupastes 0,1252 0,6566 15 489,87
Meza strupastes 0,0787 0,7804 15 515,92
Sikie ziditaji~! 0,3062 0,2871 14 315,69
Microtus strupastes™ 0,0529 0,8576 14 430,95
Meza strupastes™ -0,2643 0,3612 14 575,26
BUBBUB Sikie ziditaji 0,5329 0,0408 15 261,59
Microtus strupastes 0,3817 0,1604 15 346,28
Meza strupastes 0,3402 0,2146 15 369,49
Sikie ziditaji~! 0,6438 0,0130 14 162,09
Microtus strupastes™ 0,5527 0,0404 14 203,50
Meza strupastes™ 0,2020 0,4886 14 363,09

-! sastopamibas indekss iepriekséja gada.
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3.5. Uralpices baribas sastava un ligzdoSanas sekmju
salidzinajums Eiropa (Publikacija II)

Diskriminanta funkcijas analize spéja veiksmigi nodalit borealos, borea-
li-nemoralos un mérena klimata regionus gan péc baribas objektu taksonomis-
kajam, gan pazimju grupam (3. att.). Si analize liecinaja, ka mérenais regions ir
visattalakais no abiem paréjiem, un boreala regiona sliktas ligzdosanas sezonas
ir vislidzigakas boreali-nemoralajam regionam (Latvija). Lai gan vairo$anas ra-
ditaji bija saistiti ar regionialitati, kas liecina par STRURA augsto plastiskumu,
vieni no svarigakajiem korelatiem bija strupastes (borealaja un boreo-nemora-
laja regiona) un peles (mérenaja regiona). Vél vairak, gan strupastu Ipatsvars
bariba ligzdosanas sezona, gan mazulu skaits Latvija (boreo-nemoralais regions)
bija viszemakais starp pétitajiem regioniem.

(a) (b)
3. attels. Diskriminant-saknu attéli (a - 1. sakne (Root 1) vs. 2. sakne (Root 2);

b - 1. sakne (Root 1) vs. 3. sakne (Root 3)) un individualu STRURA ligzdosanas
sezonas baribas sastava novérojumu izvietojums ligzdosanas apgabala Eiropa (SLO -
Slovénija, FIN-GOOD - Somija ar augstu produktivitati, FIN-BAD - Somija ar
zemu produktivitati, LAT - Latvija)

3.6. Apodzina dzivotnu piemérotibas izplatiba un aizsardzibai
prioritaras vietas (Publikacijas Ill un 1V)

Labakais biotopu piemérotibas modelis, kuram nav novérota parmériga
pielago$anas, ir balstits uz linearam un kvadratiskim pazimém. Sis konkrétais
algoritms ierobezo izejas sadalijumu ta, lai tas atbilstu vides mainigajiem at-
tieciba uz ekspektaciju un dispersiju, kada novérota paraugos (Phillips et al.,
2004). Modelis uzrada mazu standartnovirzi, kuras vidéja vértiba ir 0,019 un
maksimala vértiba 0,143 un visas 10 iekséjas validacijas izlai$anas atrums (omis-
sion rate) atbilst prognozétajam. Ceturtaja attéla paradita prognozéta biotopu
piemeérotiba sugai Latvija.
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4. attéls. GLAPAS prognozéta dzivotnu piemérotiba Latvija

5. attels. Grafika attélota korelacija starp sugas izmirsanas risku (attélots ar tumsi
peléko liniju) un atliku$o populaciju (attélots ar gaisi peleko liniju), atkariba no
zaudéta ainavas ipatsvara (ar pieaugosu saglabasanas prioritati; uz x ass). Sugas

saglabasanai prioritaras vietas atrodas pa labi no liniju krustpunkta. Raustitas
linijas un teksts ilustré izmir$anas risku (tumsi peléka krasa) un ieklauto populaciju
ipatsvaru (gaisi peleka krasa) péc to teritoriju izsleg$anas, kuras ir mazakas par
100 ha, kas veido 10,5% no valsts zemes (attéelots melna krasa)

Svarigakie EGV, kas veidoja GLAPAS biotopu piemérotibas sadalijumu,
noradija uz nobriedusu mezu (parsniedzot cirtmetu) daudzumu katra analizes
méroga (vieta, ligzdoSanas iecirkni un ainava). Savukart jauno meZzu un izcir-
tumu daudzumam bija negativa ietekme. Tomér mezaudzes vecuma nozime
bija mazaka neka ar to saistitam parametram - koku lielumam (diametrs krasu
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augstuma, DBH), turklat lieliem kokiem jabut izvietotiem visa iecirkni, nevis
atseviskiem lieliem kokiem, ka to norada EGV nozime un beta koeficienti.
Vissvarigakas koku sugas bija egle Picea abies un apse Populus tremula. 111
publikacija sniegts detalizétaks apraksts, ka arl mainigo nozimiguma mérijumi,
modela koeficienti un atbildes liknes, kas izskaidro dzivotnu piemérotibas izpla-
tibu (Avotins et al., 2022a).

Péc plankumu, kas mazaki par 100 ha, atmes$anas es konstatéju, ka zone-
jums pamatplatibas ar robezu garuma soda stiprumu 0,05 nodrosinaja vislabako
rezultatu. Pirms iznemsanas prioritarie apgabali aiznéma 11,12% valsts platibas,
lidzsvarojot 27,5% sugas izplatibas (Skietamas populacijas) un ar teritoriju
saistita izmir$anas riska. Platibas, kas mazakas par 100 ha, veidoja 5,12% no
prioritarajam teritorijam (0,57% no valsts). Izslédzot plankumus, kas mazaki par
100 ha, prioritaras teritorijas aptvéra 10,55% no ainavas, ar sugas izmir$anas
risku 28,4%, vienlaikus saglabdjot 26,2% no $kietamas populacijas (5. att.).
Vidéja biotopu piemérotiba atlikusajas teritorijas bija 0,6692 + 0,0974. Atlikuso
teritoriju savienojumus neietekméja neviena teritorija, kas mazaka par 100 ha,
tapéc visas $is teritorijas varéja izslégt.

3.7. EsoS$a aizsargajamo teritoriju tikla izvértéjums
(Publikacija Il un saistitas publikacijas un konferencu
prezentacijas)

Kopuma IADT aiznem 19,08% valsts teritorijas, kas aptver 23,47% sugas
populacijas. Sis skaitlis ir 1,79 reizes lielaka platiba, kas ietver 1,11 reizes mazaku
$kietamo populaciju salidzinajuma ar PS. Rezultata 67,94% no visam priorita-
rajaim sugas aizsardzibas teritorijam atrodas arpus IADT, un sugas preference
tajas ir 1,54 reizes lielaka neka vidéji IADT pirms zonéjuma. Tas PS, kuras
atrodas IADT, veido 7,22% no valsts teritorijas un ietver 17,44% no Skietamas
populacijas (7. tabula).

Rezultati, nemot vera tikai N2k teritorijas, kopuma ir lidzigi: tikls aptver
11,51% valsts zemes un ietver 14,85% sugas $kietamas populacijas. Izvéle par
labu N2k teritorijam ir lidziga IADT kopuma ar preferences indeksu 1,05.

IADT tikla ieklaujot PS, tas aptvertu 26,30% valsts teritorijas, ietverot 40,91%
$kietamas populacijas (ar preferences indeksu 1,56). Ja aplako tikai N2k terito-
rijas, tikla parklajums paplasinatos lidz 19,55% zemes platibas, ietverot 34,22%
$kietamas populacijas (ar preferences indeksu 1,75). Ta rezultata sugas-platibas
izmirSanas risks samazinatos attiecigi lidz aptuveni 20,03% un 23,51%.

No 7. tabulas izriet pieaugosa preference un izredzu attieciba stingrakam
aizsardzibas rezimam. Mikroliegumi un dabas rezervati uzrada visaugstako
piemérotibas vértibu.
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7. tabula

Tabula paradits aizsardzibas reZimu (rindas) sadalijums un preference (A/B = C)
attieciba uz Skietamas populacijas (A) un valsts teritorijas (B) ipatsvaru saistiba ar
pasreizéjo scenariju un zonéjuma rezultatiem (slejas). Tabula noradita ari izredzu
attieciba (OR) rezimam but PS

Rezims Pirms zonésanas Zonéjums: Prioritate Zongjums: Atlikums OR
A B C A B C A B C

Arpus 76,535 80,924 0,946 |17,440 7,221 2,415 |[59,095 73,703 0,802 |0,450

aizsarga-

jamam

teritorijam

Neitrala 4,140 4,342 0,953 (0,623 0,263 2,369 |3,517 4,079 0,862 |0,531

zona

Ainavu 6,873 5,659 1,215 |1,999 0,797 2,508 |4,874 4,862 1,002 |1,409

aizsardzibas

zona

Dabas 3,074 2,798 1,099 |1,001 0,399 2,509 (2,073 2,399 0,864 |1,414

parks

Dabas 5,015 3,631 1,381 |2,806 1,049 2,675 [2,209 2,582 0,856 |3,681

liegums

Dabas 1,921 1,291 1,488 |[1,167 0,443 2,634 |0,754 0,848 0,889 |4,540

rezervats

Mikro- 1,202 0,685 1,755 |0,528 0,216 2,444 |0,674 0,469 1,437 |3,932

lieguma

buferzona

Mikro- 1,240 0,671 1,848 |0,598 0,241 2,481 |0,642 0,430 1,493 |4,799

liegums

Kopa 100 100 26,16 10,63 73,84 89,37
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4. PLASAKS DZIVOTNU PIEMEROTIBAS ANALIZU UN
AIZSARGAJAMO TERITORIJU IZVERTEJUMA DARBA
PLOSMAS PIELIETOJUMS PRAKTISKAJA DARBAS
AIZSARDZIBA

Izstradata darba plasma, kas aprakstita 3.5.-3.7. nodalas ar rezultatiem $i
darba 4.6. un 4.7. nodalas, tika piemérota visam Latvija regulari ligzdojosajam
pacu un dzenu sugam, tadéjadi paplasinot iegatas informacijas apjomu ar
meziem saistito sugu aizsardzibas izvérté$anai. Plasma tika ieviesta sugu aizsar-
dzibas planu ietvaros (Avotin$ jun., 2019; Bergmanis et al., 2021) un publicéta
konferencu tézés (Avotins, 2019; Avotins, 2019, 2018; Avotins et al., 2023c,
2023b, 2022¢; Avotins and Aunins, 2018; Avotins jun., 2018).

4.1. Dzivotnu piemérotibas izplatiba un aizsardzibai
prioritaras vietas

Kopuma biotopu piemérotiba analizéta sesam ptacu (GLAPAS, AEGFUN,
STRALU, STRURA, ASIOTU, BUBBUB) un septinam dzenu sugam (mazajam
dzenim Dryobates minor (turpmak teksta — DRYMIN), vidéjam dzenim Leiopicus
medius (LEIMED), baltmugurdzenim Dendrocopos leucotos (DENLEU), diz-
raibajam dzenim Dendrocopos major (DENMAYJ), trispirkstu dzenim Picoides
tridactylus (PICTRI), melnajai dzilnai Dryocopus martius (DRYMAR) un pelékajai
dzilnai Picus canus (PICCAN)). Analizes rezultata iegutas kartes, ka arl parametru
ietekmes, lambdas un to atbildes, dzivotnu piemérotibas kartes ir pieejamas sugu
aizsardzibas planos (Avotin$ jun., 2019; Bergmanis et al.,, 2021). Literatiiras un
EGV atbildes reakciju analizes rezultata astonas sugas tika atzitas par biotopu
specialistiem: GLAPAS, AEGFUN, STRURA, BUBBUB, PICTRI, LEIMED,
DRYMIN un DENLEU. No vides reakcijam par specializacijas raditajiem uz
mazak apsaimniekotiem meza biotopiem uzskatiju atkaribu no nobriedusiem
meziem vietas, teritorijas un ainavas méroga, ilgaku laiku kop$ pédéja mezsaim-
nieciska traucéjuma un preferenci vietam, ko veido lieli koki (dodot prieksroku
par alternativo mainigo - atseviskiem lieliem kokiem), sikak sugu aizsardzibas
planos (Avotins$ jun., 2019; Bergmanis et al., 2021).

Ta ka $adu biotopu saglabasanas ir atkariga no meZsaimniecibas ierobe-
zojumiem, vietu aizsardzibas prioritizacija tika veikta, pamatojoties uz $o sugu
dzivotnu piemérotibas kartém. Valsts teritorijas dala, kas tiek uzskatita par
prioritaru, dazadam sugam ir atskiriga - no 4,0% BUBBUB gadijuma lidz 10.6%
GLAPAS gadijuma, PS atseviski ietver aptuveni 27,5% no katras sugas kietamas
populacijas ar lidzigu izmir$anas risku (8. tabula). Ta ka sugam ir atskirigas
ekologiskas nisas, o vietu izplatiba pilniba neparklajas. Tomér atseviskas vietas
ir nozimigas vairakam sugam vienlaikus (6. att.). Ja visas prioritaras teritorijas
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tiktu pienacigi apsaimniekotas, aizsargatas skietamas populacijas dala palielina-
tos lidz 45% GLAPAS gadijuma un pat lidz 62% AEGFUN gadijuma, tadéjadi
samazinot paredzamo izmir$anas risku lidz mazak neka 18% (8. tabula).

6. attels. Nobriedus$u un mazak apsaimniekotu meZzu specialistu pii¢cu un dzenu sugu,
kuru aizsardzibai vieta atzita par prioritaru, skaits

8. tabula

Nobriedus$u un mazak apsaimniekotu meZu specialistu picu un dzenu sugu PS
apraksts, pienemot individualu sugu zoné&jumu, un skietama populacija un PS
ipatsvars IADT un N2k tikla. Pédéjas divas slejas raksturo katras sugas skietamo
populacijas un sagaidamo izzu$anas risku, ja tiktu aizsargatas visas PS (ka 6. att.)

-y -y -y £
5 5 5 5
& e e g
= 3 1 | =, 3
9 E S E a . 22 E :%
< 4 < [ ~] 2 @ g 8
Ex £ §2 = Eg Z EZ X
s = F5 F £S5 2 EZ s £ 2%
& L FE ) £ g #8 g2 Z& 34
GLAPAS 10,6 26,2 28,4 33,5 32,1 14,9 24,5 45,6 17,8
AEGFUN 4,2 27,1 27,8 34,6 60,5 25,5 50,5 62,0 11,3
STRURA 53 27,5 27,5 28,3 29,2 14,7 16,0 52,8 14,7

BUBBUB 4,0 28,0 28,0 38,8 47,0 24,8 43,0 53,8 14,3
PICTRI 5,9 27,6 27,6 28,9 42,5 19,8 34,9 59,5 12,3
LEIMED 4,2 27,5 27,5 24,1 29,2 17,3 23,2 47,0 17,2
DRYMIN 4,2 27,5 27,5 26,5 36,6 19,1 30,6 47,9 16,8
DENLEU 6,5 27,5 27,5 26,4 37,6 17,9 29,7 50,0 15,9
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4.2. EsoSo aizsargajamo teritoriju tikla izvertéjums

Visas prioritaras teritorijas kopa aizpem 37,5% Latvijas mezu platibas,
51,9% IADT meZzu platibas un 62,6% N2k meZzu platibas (7. att.). Tas nozimé,
ka N2k kopuma ir augstaka biotopu piemérotiba Sai specializéto sugu grupai
neka IADT. Tomér 37,4% mezu N2k (un 48,1% IADT) ir tik maz pieméroti,
ka tie nav PS nevienai no analizétajam sugam. Visu PS saglabasana nozimétu
mezsaimniecibas ierobezojumus vél 33,5% mezu, kas atrodas arpus N2k tikla
(7. att.), un tapéc, iespéjams, sugu aizsardzibai netiek apsaimniekoti atbilstosi,
jo meZsaimniecibas ierobezojumi ir zemi pat IADT tikla (2. un 3. tabulas). To
apstiprina kopuma augstaka preference un lielaka izredzu attieciba, ka PS atro-
das N2k neka IADT (8. un 9. att.).

;; M Vaisti kopuma
65 MeZos valsti
0 IADT
55 | S
Arpus-N2k

B IADT mesos
. N2k meZos
Arpus-N2k meZiem

‘hllllllllllll-llll-l - S
0 1 2 3 4 5

6 7 8

Plafibas ipatsvars (%)
SN W BB

cmo oo dhono

Sugu skaits

7. attéls. PS un aizsardzibas reZimu parklasanas dazadas aizsardzibas teritoriju
grupas kopuma un tajas esoSajos mezos

Aizsargajamas
4 teritorijas veids
* N2k
A NCA
" L
83 Suga
8 * GLAPAS
2 * . AEGFUN
= -
o A STRURA
2 . # BUBBUB
- 1 °
. - - % PICTRI
* Y. « s * * LEIMED
" e - - . . * DRYMN
W = = DENLEU
A 4 L
A
Nawv Neitrala Ainavu Dabas Dabas Dabas Mikro- Mikrolieguma
aizsargats zona aizsardzibas parks liegums rezervats liegums buferzona

zona
Aizsardzibas rezims

8. attéls. Nobriedu$u un mazak apsaimniekotu mezZu specialistu sugu preference
aizsardzibas rezZimam IADT un N2k tiklos
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Kopuma vérojama tendence aizsardzibas rezimiem ar stingrakiem mez-
saimniecibas jerobezojumiem pieaugt preferences un izredzu attiecibas vértibam
(8. un 9. att.). So tendenci var saistit ar stingrakiem ierobezojumiem vietas ar
labakiem biotopiem, tomér daudzas PS ir bez pasreizéjas aizsardzibas (7. att.),
lai gan biotopu piemérotiba ir lidziga stingri aizsargajamam teritorijam. Relativi
augstas vértibas mikroliegumu buferzonas var bit saistitas ar $o teritoriju tu-
vumu mikroliegumiem, no kuriem lielaka dala ir izveidoti putnu aizsardzibai.
Augstas vertibas neitralaja zona LEIMED un DRYMIN ir saistitas ar $o sugu
preferenci parkiem un salidzinosi nelielam ligzdosanas teritorijam. Prakseé tie-
sibu akti, kas attiecas uz koku cir§anu arpus meza (parkos) neitralaja zona, ir
stingraki neka vairuma citu aizsardzibas rezZimu meZos. Vispiemeérotakie rezZimi
meza specialistu sugu aizsardzibai ir dabas rezervati un dabas liegumi.

Aizsargajamas
teritorijas veids

* N2k
A NCA

ti

arja vie
s
=y

75 - Suga

* GLAPAS
AEGFUN
. STRURA
. * BUBBUB
- . PICTR
as . Ng - - N * LEIMED
: . * DRYMIN
™ - - " DENLEU

.
Aty A : :A

lzredzu attieciba atrasties priorit
@

0.0

Nawv Neitrala Ainavu Dabas Dabas Dabas Mikro-  Mikrolieguma
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5. DISKUSIJA

5.1. Sikie zidttaji

Siko ziditaju blivums (slazdu indekss) Latvija (Avotins et al., 2023a) bija sa-
lidzinams ar kaiminvalstis — Igaunija (Scott et al., 2008; Vali and Tonisalu, 2020)
un Lietuva (Mazeikyté, 2002; Bal¢iauskas, 2006; Balciauskas et al., 2017) - no-
vérotajiem raditajiem. Latvija zalajos tika novérotas ievérojami mazaka blivuma
siko ziditaju populacijas neka mezos, bet starp meza vecuma grupam atskiribas
netika novérotas, visticamak augstas mainibas grupu ieksiené dé] (Avotins et al.,
2023a). Lidzigi rezultati tika jegiti Igaunija (Vali un Tonisalu, 2020) un Lietuva
(Balciauskas et al., 2017), kur siko ziditaju skaits palielinajas lidz ar meza ve-
cumu agrinas zalaju-mezu sukcesijas laika. Turklat Somija (Savola et al., 2013)
un Norvégija (Wegge and Rolstad, 2018) veiktajos pétijjumos konstatéts, ka
nobriedusajos mezos ir vislielaka strupastu sastopamiba. Vairaki pétnieki ir uz-
svérusi, ka liels vegetacijas stavojums, biotopu strukturala daudzveidiba un lielu
dimensiju koksnes atlieku daudzums veicina siko ziditaju sugu daudzveidibu un
sastopamibu pat jaunaudzés un neapsaimniekotos biotopos dabiskas sukcesijas
apstaklos (Carey and Johnson, 1995; Carey and Harrington, 2001; Ecke et al.,
2002; Mazeikyté, 2002; Panzacchi et al., 2010; Wegge and Rolstad, 2018; Suchomel
et al., 2020). Intensivas mezsaimniecibas kaitiga ietekme uz sikajiem ziditajiem
ir konstatéta arl ainavas méroga (Bowman et al., 2000; Carey and Harrington,
2001; Panzacchi et al., 2010; Suchomel et al., 2020). Tomér ir konstatéts, ka mo-
zaikveida ainavas ekotonos, Ipasi tajos, kur biotopu malu buferjosla ir vismaz 100
m gara, ir vislielakais siko ziditaju blivums un daudzveidiba (Bal¢iauskas, 2006;
Panzacchi et al., 2010; Wegge and Rolstad, 2018).

Hanksi ar kolégiem (1991) piedavaja vienu no robustakajiem siko ziditaju
populaciju cikliskuma skaidrojumiem, kas ir paplasinats dazadas sistémas
(Henttonen et al., 2017). Modelgjot vairaku sugu grauzéju kopas, pétnieki ir
konstatéjusi parejosu dinamiku, kura ilgi laika periodi ar cikliskam svarstibam
nomainas ar isiem periodiem bez cikliem (Hanski and Henttonen, 1996).
Lai gan sakotnéji tika sagaidits, ka $adas svarstibas notiek salidzinosi nelielos
telpiskajos meérogos, nesen tika novérots, ka apslapétu ciklu fenomens ir plasi
izplatits visa Eiropa (Ims et al., 2008), kas liecina par plasakiem vides faktoriem,
pieméram, klimata parmainam (Steen et al., 1996; Kausrud et al., 2008). Tomér
ir novérots, ka dazadas Eiropas dalas strupastu populaciju ciklu apsikuma pe-
riods ir atskirigs, tadéjadi ap$aubot klimata hipotézes visparigumu (Brommer
et al,, 2010). Si darba rezultati skaidri paradija slapétus strupastu ciklus Latvija
(2. attéls (a—c)). Si fenomena tritkums kaiminvalstis (Vali un Ténisalu, 2020;
Bal¢iauskas and Balciauskiené, 2022b, 2022a) liecina par mazaka méroga procesu
iesaisti — ka to apraksta pléséju-upuru modeli. Lai gan Hanski modeli sakotnéji
tika izstradati Fenoskandijas videi, to visparigums ir pieradits arl Centraleiropa
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un Rietumeiropa (Lambin et al., 2006). Saskana ar $iem modeliem un ieprieks
veiktajiem pétijumiem (Henttonen et al., 2017) generalisti pléséji médz stabili-
zét grauzéju dinamiku, savukart nomadiskajiem plésigajiem putniem ir lidziga
ietekme uz grauzéjiem, bet tie ari palielina regionalo sinhronitati. Savukart tiek
uzskatits, ka specializétie pléséji uztur grauzéju ciklu regularitati (Hanski and
Henttonen, 1996).

Uzskatu, ka siko ziditaju populaciju ciklu slapé$ana Latvija liela nozime ir
ieprieks aprakstito apstaklu kombinacijai — generalistu pléséju, pieméram, lapsas
Vulpes vulpes un jenotsuna Nyctereutes procyonoides, spiedienam un biotopu
apsaimniekosanas intensifikacijai kopa ar mezu fragmentaciju.

5.2. Pucu skaitliskas atbildes stko ziditaju populacijam

Saja pétijuma (4. tabula) es konstat&ju statistiski nozimigu sakaribu starp
strupastu (Microtus un meza) ipatsvaru pacu bariba un to sastopamibas radi-
tajiem to dabiskaja vidé. Sis secinajums liecina, ka, lai gan es palavos uz infor-
maciju par ziditaju daudzumu rudeni, ta tomér atspoguloja ptcu preferences
attieciba uz baribu. Ir labi zinams, ka siko ziditaju blivums palielinas vasara
(Pupila and Bergmanis, 2006), un pavasara skaitli atspogulo ziemas izdzivosanu
un vairo$anos (Hanski and Korpimiki, 1995). Tomeér gada relativa vértiba (pa-
vasari vai rudeni) cikliskas vidés joprojam atspogulo dalu no cikla (Brommer
et al., 2002). Mana analize atklaja, ka visu pétito pacu sugu uztura prieksroka
tiek dota Microtus strupastém. Turklat §o strupastu biomasas Ipatsvars bija
lielaks salidzindjuma ar meza strupastém (Avotins et al., 2023a). So prieksroku
Microtus strupastém var skaidrot ar at$kiribam strupastu vairo$anas biologija,
to dispersijas ipatnibam un izvairiSanas no pléséjiem uzvedibu (sk. parskatu
Hanski and Henttonen, 1996).

Kopuma FNB rangs un strupastu ipatsvars dazadu pacu sugu uztura ir sali-
dzinams ar citiem pétijjumiem Eiropa, lai gan ir skaitliskas atskiribas, tas, vistica-
mak, ir saistitas ar zinamajam atskiribam starp ligzdo$anas regioniem viena gada
ietvaros un starp gadiem viena regiona (GLAPAS (Mikkola, 1983; Mikusek et al.,
2001); AEGFUN (parskats Korpimiki and Hakkarainen, 2012); ASIOTU (Glue
and Hammond, 1974; Wijnandts, 1984; Tome, 1994; Bal¢iauskiené et al., 2006;
Romanowski and Zmihorski, 2008; Sergio et al, 2008; Birrer, 2009; Tome, 2009);
STRALU (Goszczynski et al., 1993; Jedrzejewski et al., 1994; Petty, 1999; Solonen,
2004; Bal¢iauskiené et al., 2006; Lesiniski et al., 2009; Romanowski and Zmihorski,
2009; Solonen, 2014; Grasyté et al.,, 2016; Solonen et al., 2016; Solonen et al.,
2017); STRURA (Jaderholm, 1987; Korpiméaki and Sulkava, 1987; Sidorovich
et al., 2003; Vrezec et al., 2018); BUBBUB: (Randla, 1976; Korpiméki et al.,
1990; Schweiger, 2011; Penteriani and del Mar Delgado, 2019; Frafjord, 2022)).
Kopuma pucu sugam, kas uztura vairak specializéjusas uz strupastém, raksturiga
spécigaka skaitliska un pat funkcionala reakcija uz strupastu pieejamibu daba,
ka tas ir ASIOTU gadijuma, kas var pielagot migracijas uzvedibu un ligzdo$anas
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regiona izvéli un pat atkartot ligzdos$anu, nemot véra strupastu pieejamibu (Glue,
1977; Glue and Nilsson, 1997; Heisler et al., 2016). Ir zinamas tadas funkcio-
nalas reakcijas uz strupastu sastopamibas izmainam ka biotopu izvéle, medibu
uzvediba, vairo$anas laiks un pat parneses efekts (carry-over effect) uz skaitliska-
jam reakcijam (GLAPAS (Masoero et al., 2020a); AEGFUN (Korpiméki, 1981;
Solheim, 1983; Hakkarainen et al., 1997; Hakkarainen et al., 2002; Saurola and
Francis, 2004; Santangeli et al, 2012); STRALU (Lehikoinen et al., 2011; Solonen,
2014); STRURA (Pietidinen, 1988; Brommer et al., 1998; Brommer et al., 2002;
Brommer et al., 2002; Brommer et al., 2004; Saurola and Francis, 2004; Karell
et al., 2008; Kontiainen et al., 2009; Lehikoinen et al., 2011; Saurola and Francis,
2018); BUBBUB (Marchesi et al., 2002; Penteriani et al., 2002; Campioni et al.,
2013)). Tomér tadas pucu skaitliskas reakcijas uz strupastu skaita pieaugumu ka
ligzdo$anas raditaji un izdzivo$ana ir daudz vairak pétitas un tieSakas (GLAPAS
(Solheim, 1984; Lehikoinen et al., 2011; Morosinotto et al., 2017); AEGFUN
(Korpimiki and Hakkarainen, 1991; Saurola and Francis, 2004; Lehikoinen et al.,
2011); ASIOTU (Village, 1981; Tome, 2011, 2009, 2003); STRALU (Saurola and
Francis, 2004; Solonen, 2005; Lehikoinen et al.,, 2011; Solonen, 2014; Solonen
et al., 2015; Saurola and Francis, 2018); STRURA (Pietidinen, 1988; Brommer
et al., 2002; Saurola and Francis, 2004; Lehikoinen et al., 2011; Saurola and
Francis, 2018); BUBBUB (Marchesi et al., 2002; Penteriani et al., 2002; Campioni
et al., 2013; Penteriani and del Mar Delgado, 2019)).

No $aja promocijas darba pétitajam pacu sugam lielakajai dalai mezos ligz-
dojoso sugu (GLAPAS, AEGFUN, STRALU un STRURA) bija zemaki ligzdo-
$anas raditaji neka vidéji borealaja regiona (Korpiméki and Hakkarainen, 1991;
Meller et al., 2017) un bija lidziga vai zemaka neka borealaja regiona nabadzigos
gados (Korpiméki, 1987; Brommer et al., 2002; Korpimiki and Hakkarainen,
2012; Saurola and Francis, 2018) un pat zemaka neka biogeografiski lidziga bo-
reo-nemoralaja regiona (Solheim, 1984; Grasyté et al., 2016). Savukart ASIOTU
un BUBBUB ligzdosanas raditaji, lai gan bija lidzigi ka citos pétijumos Eiropa
(Glue, 1977; Meller et al., 2017; Penteriani and del Mar Delgado, 2019), tomér
uzradija statistiski nozimigu §1 parametra samazinasanos laika. Turklat $is
pétijums liecina par BUBBUB ligzdo$anas raditaju parneses efektu (carry-over
effect) atkariba no strupastu daudzuma iepriekséja rudeni. Parneses efekta (car-
ry-over effect) fenomens caur pieauguso Ipatnu fizisko stavokli ir labi zinams
zinatniskaja literatra par STRURA (Pietidinen and Kolunen, 1993; Brommer
et al., 1998; Brommer et al., 1998; Brommer et al., 2002; Brommer et al., 2004;
Karell et al., 2008a), un ir konstatéts, ka ta nozime Somija pieaug atkariba no
pucu sugas izméra (Lehikoinen et al., 2011). Ar1 Latvija veikta ekologisko nisu
analize apstiprina priek$statu par biotopu ar augstaku strupastu sastopamibu
nozimigumu BUBBUB (Avotins jun., 2019).

Noplicinatu strupastu ciklu un zemas vai sartikosas ligzdo$anas produk-
tivitates ietekmes uz pucu relativo populaciju lieluma tendencém bija atski-
rigas dazadam sugam. Vismazak specializétas sugas - STRALU - populacija,
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neraugoties uz svarstibam, ko, iespé&jams, izraisija garas ziemas ar daudziem
sasal$anas un atkusanas cikliem, kas ietekmé ziemas izdzivo$anu (Karell et al.,
2011; Pavon-Jordan et al.,, 2013; Solonen, 2021), kopuma bija stabila un neuz-
radija atskiribas periodos ar un bez izteiktiem siko ziditaju cikliem (5. tabula).
ASIOTU populacijas lielums neuzradija at$kiribas salidzinamajos periodos,
tomér samazinasanas kop$ 2004. gada kluva bitiska, ja analizes periodu paga-
rinaja lidz 2021. gadam (Avotins et al., 2023). Mani iegutie rezultati pielauj, ka
ASIOTU populacija ilgaku laiku tika uzturéta, pateicoties citur izskilu$os ipatnu
imigracijai (Village, 1981; Korpimaki, 1992a, 1992b; Sergio et al., 2008), un
vélaka lejupslide liecina par novélotu Latvijas izcelsmes Ipatnu reakciju.

GLAPAS, AEGFUN un BUBBUB populacijam (5. tabula; Eionet, 2020) ko-
puma bija ievérojams samazinajums, un AEGFUN atskiriba starp salidzinama-
jiem periodiem izzuda, ja to pagarinaja lidz 2004.-2021. gadam (Avotins et al.,
2023). GLAPAS un AEGFUN (un dalgji ari BUBBUB) samazinasanas var bt
saistita ar sekam, ko rada samazinatas ligzdo$anas sekmes un citas reakcijas uz
noplicinatajiem strupastu populaciju cikliem (sk. atsauces ieprieks), ka ari bio-
topu degradacija un izzusana (Avotins, 2022). So tris sugu (GLAPAS, AEGFUN,
BUBBUB) populaciju lielums samazinas ari Somija un Zviedrija, bet tendences
Lietuva un Igaunija ir at$kirigas, iespéjams, zemakas datu kvalitates dél, jo tiek
zinots par aplésém, nevis aprékiniem (Eionet, 2020).

21. gadsimta pirmaja desmitgadé bija vérojams ievérojams STRURA po-
pulaciju pieaugums un areala paplasinasanas, kas novérota daudzviet Eiropa
(Bashta, 2009; Tuti§ et al,, 2009; Bylicka et al., 2010; Vrezec and Miheli¢,
2012). Si tendence sakrita ar STRURA populaciju palielinaganos Latvija un
mozaikveida ainavas apgas$anu ligzdosanai (Avotins jun., 2019). Lai gan precizi
populacijas pieauguma iemesli joprojam nav skaidri un, visticamak, ir saistiti
ar nezinamiem liela méroga faktoriem, jaatzime, ka Latvija sugas ievérojama
populacijas samazinajuma periods sakrita ar siko ziditaju populacijas dinamikas
apsikumu (5. tabula). Es pielauju, ka siko ziditaju relativajam skaitam, saduroties
ar visparéjam biotopu parmainam, ir iz§kiro§a nozime STRURA populacijas sa-
mazinasanas procesa. Latvija veikta ekologisko ni$u analize liecina par spécigu
STRURA atkaribu no lieliem meZu masiviem, ko parsvara veido nobriedusi
mezi ar atsevi$kiem atvérumiem (Avotins jun., 2019). Lidzigas biotopu prefe-
rences $ai sugai konstatétas arl citos regionos (Sonerud, 1986; Lohmus, 2003;
Tuti§ et al, 2009). Neraugoties uz notiekoSo areala paplasinasanos Latvija
(Kerus et al., 2021), kopéjais STRURA populacijas apjoms samazinas (Eionet,
2020). Svarigi nemt véra mezsaimniecibas intensifikaciju, uz ko norada koku
vainagu seguma zudums, kas Latvija pieaug, ipasi sugas aizsardzibai noteiktajas
prioritarajas teritorijas (Avotins, 2022). Tas liecina par iespéjamu saistibu starp
biotopu degradaciju meZsaimnieciskas darbibas dé] un STRURA populacijas
samazina$anos Latvija.

Daudzu meza mito$o picu sugu relativo populaciju skaita strauja samazi-
nasanas, nemot véra to dzivotnu preferences parklasanos ar galvena medijjuma
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augstaka blivuma biotopiem (Bowman et al., 2000; Carey and Harrington, 2001;
Panzacchi et al., 2010; Suchomel et al., 2020), liecina par biotopu saglabaganas
nozimi sugu aizsardziba. Ta ka lielaka dala mezos ligzdojoso pucu sugu ir ari
dobumperétaji (Mikkola, 1983; Mebs and Scherzinger, 2000), ir svarigi biotopu
piemérotibas analizé un aizsardzibas plano$ana ieklaut ari dzenus.

5.3. Dzivotnu aizsardziba, aizsargajamas teritorijas
un meZsaimnieciba

Lai saprastu, ka un kur aizsargat sugu, ir jazina tas ekologiska niSa. Sugu
izplatibas modelésana nodrogina jaudigus rikus ne tikai sugu izplatibas progno-
z&$anai, bet ari to noteico$o faktoru skaidrosanai. Turklat var ne tikai novertét
biotopu piemérotibu, bet ari noteikt biotopu plankumu relativas nozimes aizsar-
dziba ranzéjumu - pamatvajadzibas aizsardzibas planosana.

5.3.1. GLAPAS piemérs

Sugu izplatibas modelésana ar specializacijas un ipasas aizsardzibas nepie-
cieSamibas noveérté$anu, kam seko teritoriju prioritau noteik$ana un telpiska
parklasanas analize, sastav no kvantitativaja ekologija un GIS analizé labi zina-
miem rikiem (atsauces teksta ieprieks). Tomér $ie instrumenti reti tiek kombi-
néti biogeografiskos un dabas aizsardzibas pétijumos. GLAPAS piemérs pierada,
ka darba plasmu var izmantot ari, ja ir mazs skaits zinamo sugas ligzdo$anas
vietu. Neskatoties uz to, metozu kopa spéj fiksét ekologiski nozimigas sakaribas,
ka rezultata var iegiit ticamu sugas izplatibas karti, kuru talak apstradat.

Ir pienemts uzskatit, ka, analizéjot putnu izplatibu, visdrosaka informacija
ir balstita uz zinamajam ligzdu atrasanas vietam (Bjorklund et al., 2020). Tomeér
§1 informacija bieZi vien ir mazskaitliga vai tai piemit citas telpiskas-statistiskas
problémas, pieméram, grupésanas. Lai gan MaxEnt var labi darboties ar nelielu
klatbatnes vietu apjomu, telpisko problému risinasana biezi vien ietver filtrésanu
péc nejausibas principa vai izmantojot sasvstarpéja novietojuma attalumus, ka
rezultata datu kopas var but parak mazas, lai veiktu uzticamu analizi. Lai atrisi-
natu $o problému, es ierosinu ieklaut novérojumus, kurus var ticami attiecinat
uz vairo$anas un medibu teritoriju, vienlaikus ieklaujot piepiles slani (plasaku
diskusiju sk. IIT publikacija). Sada pieeja var nebit universala, pieméram, ta var
nesniegt apmierino$u rezultatu sugam, kas barojas talu no ligzdo$anas vietas,
pieméram, juras érglim Haliaeetus albicilla, ta¢u dazi pétijumi liecina par node-
rigu rezultatu pat $adam sugam (Heuck et al., 2019). Tomér lielakajai dalai sugu
barosanas vietas atrodas tuvu ligzdoSanas vietai — to ligzdo$anas iecirkni, ka tas
ir GLAPAS gadijuma (Strom and Sonerud, 2001).

Ekogeografisko mainigo un sugas klatbatnes korelacijas, ko atklaja maksi-
malas entropijas analize, saskan ar citos pétijumos konstatéto, sakot no vietas lidz
ainavas mérogam. Vietas méroga GLAPAS dod prieksroku slégtiem meziem (ko
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veido egles boreo-nemoralaja regiona), tomér ka ligzdas koks biezak sastopamas
apses — dobumiem bagataka koku gints Holarktika (Sonerud, 1985; Mikkola,
1983; Mebs and Scherzinger, 2000; Pacenovsky and Sotnar, 2010; Remm and
Lohmus, 2011; Meller et al., 2017). Turklat mani rezultati par pozitivu saistibu ar
lielaku koku DBH sakrit ar baru pétijjumiem (Baroni et al., 2020), un $adu koku
liela daudzuma nepiecie§amiba atbilst ikgadéjai ligzdoSanas vietas mainai un
vairakiem ziemas kratuvju dobumiem (Pacenovsky and Sotnar, 2010; Valkama
et al., 2014; Baroni et al., 2021, 2020). Plasaku diskusiju sk. III publikacija.
Prognozéta sugas izplatibas karte tika parbaudita lauka apstaklos un tika
konstatéts, ka ta statistiski nozimigi prognozé GLAPAS klatbutni, pat analizéjot
ar nepilnigas konstaté$anas metodém (Avotins jun., 2019). Ta ka sugu izplatibas
karte tika atzita par uzticamu, to varéja izmantot turpmakaja analizé, nosakot
teritoriju prioritates aizsardzibai un novértéjot eso$as aizsargajamas teritorijas.

5.3.2. Sugu-dzivotnu un mezu aizsardzibas izvértéjums

Sis darbs ir vérsts uz pii¢u aizsardzibu, no kurim daudzas ir saistitas ar
nobriedusiem, strukturali bagatiem un mazak apsaimniekotiem meZiem
(GLAPAS (Sonerud, 1986; Strom and Sonerud, 2001; Ciach, 2005; Shurulinkov
et al,, 2007; Pagenovsky and Sotnar, 2010; Baroni et al., 2021, 2020); AEGFUN
(Sorbi, 1995; Hakkarainen et al., 1997; Ravussin et al., 2001; Laaksonen et al.,
2004; Shurulinkov and Stoyanov, 2006; Hakkarainen et al., 2008; Santangeli
et al., 2012; Brambilla et al., 2013) STRURA (Saurola, 1989; Lohmus, 2003; Tuti$
et al., 2009; Bylicka et al., 2010); BUBBUB (Kymapu, 1965; Ipuianos, 2005;
®etncos, 2005; Lipsbergs, 2011)), savukart citas sugas ir vairak generalisti, tam
nav nepiecie$ama Ipasa aizsardziba vai tas labak var aizsargat ar visparigu regu-
léjumu mezsaimnieciba un lauksaimnieciba, izmantojot ainavas mikroelementu
(biologiskas daudzveidibas elementu, pieméram, saglabajamo koku, meza malu,
mitraju, krimu puduru u. c.) saglabasanu (Aschwanden et al.,, 2005; Avotins
jun., 2019). Ta ka puces ekologiski ir saistitas ar dzepiem, analizés ieklauti ari
tie. Lidzigi ka puces, ari dazas dzenu sugas ir spécigak saistitas ar nobriedusiem,
strukturali bagatiem un mazak apsaimniekotiem meziem (DENLEU (Virkkala
et al,, 1993; Czeszczewik and Walankiewicz, 2006; Roberge et al., 2008; Kajtoch
et al., 2013); DRYMIN (Olsson et al., 1992; Wiktander et al., 1992; Charman
et al., 2010; Delhaye et al, 2010); LEIMED (Kosinski, 2006; Miiller et al., 2009;
Delhaye et al., 2010; Robles and Ciudad, 2012); PICTRI (Biitler et al., 2004b,
2004a; Fayt, 2004b; Wesotowski et al., 2005; Kajtoch et al., 2013)), neka citas,
kas Latvija, Skiet, ir generalisti un var tikt aizsargatas ar visparigo reguléjumu
(Bergmanis et al., 2021). Sis sugu kopums, neap$aubami, neaptver visas indika-
torsugas mezos, tacu tas aptver plasu meza tipu gradientu (no sausiem skujkoku
lidz mitriem lapu koku meziem) un toleranci pret malam un fragmentaciju,
u.tml.. Turklat $is sugu kopums aptver tris no se$am Putnu direktivas 1. pie-
likuma minétajam meZa sugam, kas Eiropas limeni ir nepietiekami parstavétas
N2k (Van Der Sluis et al., 2016). Tapéc $o sugu kopu uzskatu par nozimigu picu
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biotopu aizsardzibas novértésana Latvija un tadu, kas spéj sniegt vismaz ieskatu
biologiski vértigo mezu aizsardzibas noveértésana Latvija.

Efektivas parvaldibas (Apostolopoulou and Pantis, 2009; Ioja et al., 2010;
Grodzinska-Jurczak and Cent, 2011; Tsiafouli et al., 2013) un ekologiski un
statistiski pamatotu teritoriju atlases metozu piemérosanas trikums dabas aizsar-
dzibas planosana (Moilanen and Arponen, 2011; Gruber et al.,, 2012) ir novedis
pie ta, ka pastav teritorijas, kuram piemit augstas dabas vértibas, bet kuras nav
vai ir nepietiekami pasreizéjie aizsardzibas pasakumi. Sada situacija vérojama gan
noteikto aizsargajamo teritoriju tikla, gan arpus ta, par ko liecina lielais PS ipat-
svars arpus IADT vai N2k, ka ari lielas mezu platibas $ajos tiklos, kas nav atzitas
par PS (8. tab., 7. att.). To varéja sagaidit, jo lielaka dala darbu IADT un N2k
izveidé Latvija tika veikta tie$i pirms iestasanas Eiropas Savieniba - 20. gadsimta
beigas un 21. gadsimta sakuma (Racinskis, 2004; Opermanis et al., 2008), kad
sugu izplatibas modelésanas metozu pieejamiba bija ierobezota datoru resursu
dél. Mani rezultati liecina, ka piemérota meza apsaimniekosana PS batu lidziga
dabas liegumam vai dabas rezervatam, vai pat pilnigi aizliegta mezsaimnieciba
(8., 9. att.). Tas ir aktuali ne tikai PS bez pasreizéjas aizsardzibas, bet ari N2k
ieksiené, jo ari tur mezsaimnieciska darbiba turpinas un tas apjoms ik gadu
pieaug, turklat PS pieaugums ir straujaks neka citos mezos gan N2k, gan arpus
tam (Avotins, 2022).

Biologiskas daudzveidibas stratégija 2030. gadam ir izvirzits meérkis nodro-
§inat tiesisko aizsardzibu vismaz 30% ES zemes platibas un stingru aizsardzibu -
10% (European Commission, 2020). Ja nem véra tikai GLAPAS PS pievieno$anu
N2k, aizsargatais Latvijas platibas ipatsvars butu tikai nedaudz virs vidéja ES
(Evans, 2012). Papladinot $o pieeju nobrieduso mezu specialistu sugu grupa
(citas picu un dzenu sugas), aizsargajamo teritoriju paplasinaganai paredzéto
teritoriju parklajums sasniedz 37.5 % no Latvijas meZu platibas, kas parsniegtu
EK noteiktos tiesiskas aizsardzibas mérkus. Tomeér ieprieks publicétie zinatniskie
ieteikumi paredz aizsargat un apsaimniekot teritorijas biologiskas daudzveidibas
saglabasanai vismaz 50 % sauszemes aredla (ats$kiriba no iepriek§ minétajiem
10 vai 30 %; Noss et al., 2012; Dinerstein et al., 2017; Baillie and Zhang, 2018;
Watson et al., 2018; Miiller et al., 2020).

Diem?zél dabas aizsardziba un zemes izmanto$anas intensifikacija ir savstar-
péji saistitas (Eyvindson et al., 2017; Moilanen un Kotiaho, 2018). Tas nozimé,
ka dazas eso$o aizsargajamo teritoriju dalas var nakties izslégt no aizsargajama-
jam teritorijam, jo tas ir mazsvarigas mezu biologiskajai daudzveidibai (piem.,
8. tabula, 6. un 7. att.). Ideala gadijuma aizsardzibas planos$ana ietver katras
atseviskas sugas apsvérSanu katra geografiskaja regiona. Tomér $ada pieeja biezi
vien ir nepraktiska, jo tai nepieciesams daudz laika un resursu. Turklat sabied-
riskas zinatnes iniciativu progress visa pasaulé nav vienmerigs, un starptautisko
atlantu telpiska izskirtspéja parasti ir nepietiekama (Herrando et al., 2017).
Lai risinatu §Is problémas, iespéjama alternativa ir izmantot katrai ekosistémai
atlasitu lietussarga un biologiskas daudzveidibas indikatorsugu (Caro, 2010;
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Virkkala et al., 2022) kopu, kuram nereti ir pieejami detalizétaki atraSanas
vietas dati vai tos var iegiit salidzino$i izmaksu-efektivi. Sis lietussarga sugas
var papildinat ar ekosistémam specializétajam sugam, lidzigi tam, kas ieklautas
Eiropas putnu uzskai$u padomes savvalas putnu indikatoros (Gregory un Strien,
2010). Izmantojot lietussarga un indikatorsugas, aizsardzibas pasakumus var
koncentrét uz to, lai noteiktu vietas ar visaugstako biologiskas daudzveidibas
veértibu, tadéjadi nosakot prioritates aizsardzibas pasakumiem. No otras puses,
specializétas sugas var sniegt vértigu informaciju par maksimali pielaujamo
zemes izmanto$anas intensifikaciju arpus aizsargajamam teritorijam. Tomér
sugu izveéle $ai funkcijai javeic loti uzmanigi, lai nodrosinatu, ka sugas patiesam
nodro$ina “lietussarga efektu” biologiskas daudzveidibas saglabasana (Branton
and Richardson, 2011; Breckheimer et al., 2014).

Visbeidzot, nobriedusu mezu saglabasana ir nozimiga ne tikai to sugu sa-
glabasanai, kuras ir izvélétas ka aizsardzibas merki, bet tiem piemit ari augsta
loma klimata parmainu mazinasana (Chen et al., 1995, 1993; Frey et al., 2016)
un tiem veidotas aizsargajamas teritorijas samazina ietekmi uz sugu izplatibas
parmainam klimata parmainu konteksta (Lehikoinen et al., 2018).
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SECINAJUMI

Ptcém nozimigako baribas objektu - siko ziditdju - populacijam Latvija
bija raksturigas skaita cikliskas svarstibas 20. gs. beigas un 21. gs. sakuma.
Tomeér kop$ apméram 2004. gada, cikliskums ir apsicis. Ticams, ka tam
pamata ir generalistu pléséju un intensivas saimniecibas spiediens, tomér ir
nepiecieSami papildus pétijumi, lai to apstiprinatu.

GLAPAS, AEGFUN, STRALU un STRURA ligzdo$anas sekmes (mazulu
skaits sekmiga ligzda) laika gaita bija stabilas, tomér vidéji zemakas neka
kaiminvalstis, lidzinoties vai esot zemakam par tam, kadas ir siko ziditaju
depresijas gados boreidlaja un boreo-nemorilaja regionos. Sis raditajs
ASIOTU un BUBBUB ir laika gaita samazinajies, tomér vidéji lidzinas
citiem regioniem Eiropa. Ligzdo$anas sekmju samazinajums laika sakrit ar
siko ziditaju populacijas ciklu noplicinasanos.

Sugai ar visplasako baribas nisu - STRALU - relativais populacijas lielums
pétijuma perioda nav mainijies un nav konstatétas atskiribas tendencés starp
periodiem ar izteiktiem un noplicinatiem siko ziditaju populaciju cikliem
(salidzinamie periodi). Nedaudz specializétakajai STRURA tika konstatéta
izteikta un statistiski nozimiga atskiriba starp salidzinamajiem periodiem
ar samazina$anos kops ciklu izzu$anas. Lidzigu rezultatu uzradija ASIOTU,
tomér tas kluva statistiski nozimigs tikai ar pédéja perioda pagarinasanu lidz
2021. gadam. Vidgji specializétas sugas ka GLAPAS, AEGFUN un BUBBUB
demonstréja izteiktu populacijas relativa lieluma samazinajumu bez tieSas
saistibas ar siko ziditaju cikliem, ierosinot citu faktoru, pieméram, dzivotnu
piemeérotibas samazinasanas, ietekmi.

Izstradata un ar GLAPAS demonstréta darba pliisma, kas ieklauj ekologis-
ki nozimigu mainigo atlasi, klatbitnes vietu tiriSanu un atlasi, dzivotnu
piemérotibas analizi un vietu prioritizé$anu aizsardzibai, ir pieradita ka
nozimigs riks sugas aizsardzibas stavokla novérté$anai. legutie rezultati
pirmo reizi Latvija (un Baltijas valstis) sniedz kvantitativu GLAPAS
nozimigo dzivotpu raksturojumu, noradot sugas augsto atkaribu no no-
briedu$iem un mazak saimnieciskas darbibas ietekmétiem meZiem, tada
veida sniedzot papildus liecibas par sugas nozimi ka lietussarg-sugai dabas
aizsardziba. IADT un N2k robu analize atklaja, ka vairums GLAPAS PS
Latvija $obrid nav aizsargatas. Turklat daudzas PS eso$aja IADT un N2k
ir nepietiekosi aizsargatas, jo atbilstosas funkcionalas zonas nenodro$ina
pietiekoSus mezizstrades ierobezojumus. GLAPAS PS pievieno$ana IADT
vai N2k tiklam palielinatu to platibu lidz, attiecigi, 26.3% un 19,6% no
valsts platibas, kas ir mazak par EK noteikto Biologiskas daudzveidibas
stratégija.

Darba plasmas pielietoSanas Latvija regulari ligzdojoso pac¢u un dzenu
sugam rezultati liecina, ka visu identificéto PS aizsardziba butu efektivaka
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$o biologiskas daudzveidibas indikatorsugu aizsardziba neka eso$as IADT
un N2k. Visu PS aizsardziba nodro$inatu aizsardzibu 37,5% mezu Latvija,
no kuriem 33,5% atrodas arpus N2k. Vienlaikus ar N2k paplasinasanu, ir
iespéjama ari atsevisku vietu izslég$ana no aizsardzibas, jo 37,5% no me-
ziem N2k nav nevienas analizétas sugas PS.
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PATEICIBAS

Vispirms es vélos pateikties savam darba vaditdgjam Dr. biol., asoc. prof.
Ainaram Auninam par neizmérojamo pacietibu, vadot, atbalstot un izglitojot
mani.

Vélos pateikties Latvijas gredzeno$anas centram un visiem brivpratigajiem
gredzenotdjiem par gredzenosanas datu pieejamibu, Ipasi A. Avotinam (sen.),
J. Lipsbergam, A. Kalvanam, G. Grandanam, O. KeiSam, V. Bol$akovam,
T. Kerim, J. Jankavam, A. Freibergam, P. Daknim. Pateicos ari dabas novéro-
jumu portala vadibas komandai un brivpratigajiem sabiedribas zinatniekiem,
kas zino par pacu novérojumiem un ligzdosanas rezultatiem.

Pateicos visiem pucu pétniekiem (ipasi A. Avotinam (sen.), G. Grandanam,
U. Lolanam, V. Ignatjevam) par dalianos ar datiem un plésigo putnu fona
monitoringa shémas dalibniekiem par valsts méroga datu snieg$anu par plésigo
putnu un piacu populacijam.

Esmu pateicigs cilvékiem, kas man sniedza pacu baribas atlieku materialus:
I. Baugam, U. Bergmanim, P. Daknim, K. Funtam, M. Funtai, G. Grandanam,
V. Ignatjevam, 1. Jakovlevam, O. Kei$am, J. Kuzem, U. Lolanam, I. Mardegai,
M. Mednei, J. Priedniekam, E. Racinskim, R. Rekmanim, M. Rozenfeldei,
M. Strazdam, D. Ulandam, M. Zilgalvim. Un vél vairak tiem, kas palidzéja
to Sketinasana: L. Dambeniecei, V. Ignatjevam, M. Rozenfeldei, D. Ulandam,
M. Zilgalvim.

Paldies A. Pupilai, G. Donei, G. Grandanam un U. Bergmanim par dali$anos
ar veésturisko siko ziditaju monitoringa datiem un transektu atraganas vietam.

Siko ziditaju monitoringu 1991. — 2011. gada finanséja Teicu valsts rezer-
vata administracija un Dabas aizsardzibas parvalde. Pa¢u monitoringu 1991.-
2007. gada dalgji finanséja Teicu valsts rezervata administracija un Dabas aizsar-
dzibas parvalde, 2007.-2009. gada - Latvijas vides, geologijas un meteorologijas
centrs, bet kops§ 2014. gada to finansé Dabas aizsardzibas parvalde. Lielako dalu
pucu baribas atlieku analizes un siko ziditaju monitoringu 2016. gada finanséja
Latvijas vides aizsardzibas fonda administracija (1-08/158/2016).

Vélos pateikties Dabas aizsardzibas parvaldei, Valsts meZa dienestam, Lauku
atbalsta dienestam un Latvijas Geotelpiskas informacijas agentirai par geotel-
pisko datu nodrosinasanu vides mainigo lielumu sagatavosanai. Ekogeografiskie
mainigie tika izveidoti Dabas aizsardzibas parvaldes finanséta pacu aizsardzibas
plana Latvija ietvaros. Datu analize un rezultatu interpretacija tika veikta valsts
pétijumu programmas projekta “Latvijas ekosistému vértiba un tas dinamika
klimata ietekmé” ietvaros.
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