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1. INTRODUCTION

Forests of Northern Europe have drastically changed in the past century due to
intensive forest management (Esseen et al., 1997; Siitonen, 2001). Young and mid-age forest
stands have become more frequent in modern forest landscapes of Northern Europe (UNECE
& FAO 2011, Vilén et al. 2012). Such forests differ from natural or old-growth forest
ecosystems by having reduced quantity and variability of microhabitats (e.g. snags, logs, old

trees etc.) (e.g. Lohmus & Kraut 2010), and by disturbed microclimatic conditions.

To reduce negative impacts of logging on biodiversity loss and to ensure sustainable
forest management policies, and comply with forest certification standard criteria like FSC
(Forest Stewardship Council) and PEFC (Programme for the Endorsement of Forest
Certification), different management practices have been applied. Retention of live trees (i.e.
green tree retention) and dead wood structures in cut sites is one of the most frequently

applied practices in northern Europe (Gustafsson et al. 2010, 2012).

It can be expected that dead wood legacies may provide species rich epixylic lichen
assemblages during the first post-harvest decade both in boreal and hemiboreal regions of
North-Europe (Caruso & Rudolphi 2009, Runnel et al. 2013). However, the difference in
wood dwelling lichen assemblages and/or species composition between stands in boreal and

hemiboreal regions may differ (e.g., for burned forests see Lohmus et al. 2018).

Forest logging is one the biggest threats for biodiversity. The biota of lichens and
allied fungi of Latvia is one of the least studied among Northern European Countries, at the
same time the pressure of forest management activities, such as logging, on wood dwelling
lichen species has never been studied in Latvia. Therefore, neither true biodiversity of wood-
inhabiting lichens is known, nor there is any data on what forest management measures in

production forests would be best to maintain the diversity of lichen biota in Latvia.

1.1. Actuality, novelty and aims of the study

Compared to the neighboring countries (see 1.1 in thesis), the diversity of lichens and
allied fungi in Latvia is understudied. Therefore, the first aim was to increase the general
knowledge about the assemblages of lichens and allied fungi in Latvia (II-VII), especially
the knowledge on wood-inhabiting species (I-II1, pro parte).



The second aim was to revise genus Cetrelia in Latvia, based on thin layer
chromatography (TLC) method, because it includes species having similar morphology, but
form chemotypically diverse complex (VI). The genus has high conservation importance in
Latvia and Northern Europe, as all Cetrelia species are known to be rare and threatened in all

Northern European countries where the species are found.

The third aim of the study was to explore the effects of sustainable activities in forest
management system (i.e. green tree retention) on lichen species assemblages and species
richness in various habitat types (I). More specifically, the aim was to describe lichen
assemblages on pine dead wood structures (stumps, fine woody debris (FWD), snags and logs)
in post-harvest 4-6 and 9—11 yr. old dry boreal pine stands in Latvia (I) and to find, a) what
type of substrata and stand-scale characters are related to the lichen species richness and
composition on pine dead wood legacies (I), and b) whether the functional traits of lichens
and allied fungi on stumps in post-harvest 4-6 and 9—-11 yr. old dry boreal pine stands differ

(in current thesis).
Statements to be defended:

- Lichen diversity of Latvia requires modern treatment and data supplementation;

- Green tree retention level and age since cut in cut-over sites have impact on stump-
dwelling and fine woody debris inhabiting lichen species richness;

- Particular lichen functional trait composition on stumps is changing along the time

during the first decade after forest harvest.
Tasks of the study:

- Targeted lichen species diversity research in pre-selected areas to reveal existing
lichen data deficiency;

- The revision of the lichen genus Cetrelia in Latvia;

- The lichen data collection in post-harvest 4-6 and 9-11 yr. old dry boreal pine stands
in Latvia;

- The description of lichen assemblages on pine dead wood structures (stumps, FWD,
snags and logs) in post-harvest 46 and 9—-11 yr. old dry boreal pine stands in Latvia;

- The determination of the collected specimens using adequate lichenological methods

applied for species determination.



2. MATERIALS AND METHODS
2.1. Background study of lichen diversity

In order to establish general knowledge level of the diversity of lichen and allied fungi
diversity and to check the frequency of forest species, several types of habitats (forests, rocks
and outcrops, wooded meadows, tree alleys and parks, mires, etc.) were studied in preselected
sites (see Fig. 1, and Fig. 2 in thesis). In every studied habitat lichens and allied fungi were
recorded on all substrata up to 2 meters above the ground. All noteworthy (e.g. Red-listed,
protected, rare, and previously unknown from Latvia) lichen species were recorded. For
species which cannot be determined in field, herbaria material was also collected. All lichen
records collected by non-professional lichenologists were verified by author of thesis via
visiting locations, and/or identification of collected herbaria material. All noteworthy lichen
records are stored in The Nature Data Management System called “OZOLS”, maintained by
Nature Conservation Agency (under Ministry of Environmental Protection and Regional

Development of the Republic of Latvia).
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Figure 1. Visited sites where new species for Latvia were recorded (Papers II, I1L, IV, V and
VII), and Cetrelia specimen collection sites (from Paper VI). The zoomed map presents study

sites of the study L.

Spot-test reactions of thalli were checked with sodium hypochlorite solution
(commercial bleach) (C) and/or 10% KOH solution (K) in field. At the laboratory, lichens
were identified following standard lichenological methods. For the specimens, requiring
secondary metabolite examination thin layer chromatography (TLC) was employed (Orange
et al. 2001). The collected specimens are stored in the lichenological herbarium of the
University of Daugavpils (DAU).

The revision of genus Cetrelia in Latvia was based on herbarium material collected in
territory of Latvia from 1957 to 2018 and stored in the lichenological herbarium of
Daugavpils University (DAU) and the University of Latvia (RIG). All specimens were
examined by TLC. Localities of the specimens were transcribed from the labels and

distribution maps of Cetrelia species were created using ESRI ArcGIS pro 2.3. (ESRI 2011).

2.2. Lichen assemblages on dead wood in dry boreal post-harvest stands

The study of lichen assemblages (I) in dry boreal post-harvest sites was performed in
the SE part of Latvia, in the hemiboreal forest zone (according to Ahti et al. 1968). The study
sites were selected from Vacciniosa type (BuSs 1976). The study sites were selected in 2.5-9

ha size retention-cut stands situated outside of protected areas (Fig. 2, zoomed map).

Among the study sites, four treatment types were designated, based on combinations
of time since harvest (4—6 and 9-11 years) and green tree retention level (“high”, 14-20 trees
per ha or 30-40 m*/ha, and “low”, <6 trees per ha or <12 m?/ha). Each of the four treatment
combinations (hereafter as “treatment type”) was represented by four sites, 16 sites in total.
All sites were standardized to 2.5 ha in size, with 30 m wide buffer zones on each side. In all
stands pine saplings have been planted, and all stands were state-owned. Total lichen
sampling from woody structures per site were performed from two FWD plots (2 x 8 m) and
4-6 stumps selected along sampling transects and from 1-2 logs and 1-2 snags selected
arbitrary over the whole study site. Lichen identification was performed employing same

methods as described in the subchapter 2.1



2.2.1. Assessment of functional traits

For each lichen and allied fungi species found on the stumps (Paper I), ten functional
trait types among morphological, anatomical, chemical and reproduction traits were assessed.
The information related to these traits was obtained from key-books, taxonomic literature and
literature about lichen compounds (Smith et al. 2009; Wirth et al. 2013; Tibell 1999; Thell &
Moberg 2011; Jorgensen et al. 2007; Ahti et al. 2013; Nguyen et al. 2013).

2.3. Statistical data analysis

In the Paper (I) the number of sampled logs and snags among the sites was
insufficient for statistical analysis, but the difference of functional area of stumps and volume
of coarse woody debris (CWD) and FWD across four treatment combinations were tested
with a one-way Welch ANOVA with Games-Howell post hoc analysis (before the analysis
two outliers were removed to achieve normal distributions for each treatment). Homogeneity
of variances was violated, as assessed by Levene’s Test of Homogeneity of Variance (p
<0.001). General linear models (GLMs) were used to study the effects of post-harvestage and
green tree retention level on total and mean lichen species richness on stumps and on FWD

per site.

The fixed factors were age of cut sites (4—6 and 9—11 yr. since cut) and green tree
retention (GTR) level (<6 trees/ha as “low” and >14 trees/ha as “high”). Two un-correlated
variables were also included per each model: for models (1) and (2) variables average stump
functional area and average stump diameter per site, and for model (3) variables volume of
FWD and CWD. GLMs were run initially including all factors and interaction between site
age and GTR level. Non-significant factors were removed from the model manually one by
one, commencing with the least significant factor. Difference of lichen assemblage
composition among treatment types (depending on site age and GTR level) were studied for 1)
stumps (full unit), 2) stumps vertical and horizontal surfaces separated, and 3) FWD. A multi-
response permutation procedure (MRPP) was used to test if Serensen (Bray-Curtis)
dissimilarities among predefined groups exceed those resulting from random assignment of
sample units to those classes, and it has the advantage of not requiring distributional
assumptions that are seldom met with ecological assemblage data. To correct the p-values for

multiple comparisons, a Bonferroni correction was applied.

For functional traits the assumption of data distribution was assessed by the Shapiro-

Wilk test and inspection of the normal Q-Q plots. The assumption of homogeneity of
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variance was tested by the Levene’s test. The two-way ANOVA or aligned ranks
transformation ANOVA (depending on inspection of assumption) was conducted to
determine whether there is an interaction effect between two independent trait variables (age
since cut and trait type) on a continuous dependent variable (species number). Descriptive
statistics presented as mean + standard deviation if data met the assumptions of normal
distribution and equality of variance, whereas the median is presented if those assumptions

were violated.

3. RESULTS
3.1. Background study of lichen diversity

Altogether 69 new lichen and 47 allied fungi species were registered and reported as
new for Latvia during the 6-year period (2015 — 2020) of lichen diversity studies presented in
the thesis (I-VII;). Of these ca. 20% of species were found and/or identified by author of

thesis.

Ninety of 116 newly recorded species were found in forest habitats, 14 species in
parks/wooded meadows and roadside alleys, eight on rocks and outcrops and four species in
disturbed/ruderal habitats (mainly on soil). Most of newly reported taxa were epiphytic and

epixylic lichens, but the number of lichenicolous fungi (37 species) was notable too.

According to The Nature Data Management System “OZOLS”, 1842 records of 41
noteworthy lichen species were collected in 6-year period (2015-2020), and 754 records of 37
noteworthy lichen species were verified by author of the thesis (Anonymous 2021). About
2000 herbarium units which represent 227 species of lichens and allied fungi are collected

and positioned in lichenological herbarium of Daugavpils University (DAU).

3.2. The revision of genus Cetrelia in Latvia

In total, 98 specimens (collected between 1957 and 2018) were examined from RIG
and DAU herbarium collections. Of these 19 specimens were found by author of thesis. From
the examined specimens Cetrelia cetrarioides and C. olivetorum accounted for 43% and 42%
while Cetrelia monachorum appears to be the rarest — with 15% of the examined specimens.
In this study, Cetrelia monachorum was reported for the first time for Latvia. The studied
specimens of genus Cetrelia mostly were found on Alnus glutinosa, Fraxinus excelsior,
Populus tremula, Tilia cordata, Quercus robur and less frequently (7% of specimens) on A.

incana, Betula pendula, Corylus avelana, Padus avium and Picea abies (V).

10



3.3. Lichen richness on dead wood in post-harvest sites

Fifty-four species of lichens and allied fungi were recorded in young regenerated
Vacciniosa forest type from all sampled substrata types (FWD, snags, stumps, logs) from 16
study sites (detailed list see in Appendix 1 Paper I). Three species were recorded for the first
time in the country, namely, Calicium trabinellum, Pycnora sorophora and Scoliciosporum
sarothamni (I, III). Stumps (n = 64) were inhabited by 48 species. FWD (n = 32 subplots)
was inhabited by 43 species. On snags (n = 9) 27 species were recorded, and on logs (n = 24)
44 species. One Red-listed lichen in Latvia — Cladonia parasitica — was found in seven sites
(all 9-11 yr. post-harvest), growing on horizontal surfaces of stumps and logs (I). Stump
characteristics varied only slightly among cut site treatments; also volumes of FWD and
CWD were relatively low and similar among site treatments (p = 0.454 and p = 0.876,
respectively; Appendix 2 in Paper I).

Based on the final GLM model, the total and mean species richness on stumps depended
on cut site age (higher richness in 9—-11 yr. sites) and on GTR level (higher richness in sites
with “high” GTR level; Table 2 in Paper (I), Fig. 2 A). The interaction between age and GTR
level, as well as stump-scale variables (average stump functional area and diameter per site)
were non-significant. Any of tested variables had no significant impact on FWD total species

richness (Results in Paper (I); Fig. 2 B).
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Figure 2. Total species richness on pine stumps(A) and fine woody debris (B) on 4-6 and 9-
11 yr. post-harvest sites with low (< 6 trees/ha; open symbol) and high (> 14 trees/ha; filled
symbol) green tree retention (GTR) level. For each treatment of post-harvest sites 16 stumps

and eight 2x8m subplots for fine woody debris were surveyed.
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3.4. Lichen assemblage composition on stumps and FWD in post-harvest sites

Lichen assemblages on stumps differed between age groups of cuts within the same
GTR level (MRPP test; A = 0.2 and 0.4, p = 0.006 for both) and between high and low GTR
level sites of the same age (A = 0.2, p = 0.007 for both). Such groupings were slightly visible
in the NMS ordination (Fig. 3 A). Among tested environmental variables average functional
area of the stump correlated with the second ordination axis (r? = 0.24). Lichen assemblages
on FWD differed between age groups of cuts within the same GTR level (A=0.1, p=0.01 for
both cases), but high and low level GTR sites had similar assemblages within the same cut
age (for 4-6 yr. cut sites A=0.05, p=0.06 and for 9—11 yr. sites A=0.04, p=0.10). This pattern
is visible also on NMS graph (Fig. 3 B) and none of the tested environmental variables

(volume of FWD and CWD) correlated with ordination axes (1> <0.2).

Similar assemblage patterns (age difference and dependence on GTR level) emerged
also if stump vertical and horizontal surfaces were analyzed separately (A=0.1-0.2, p=0.02—
0.01). In addition, vertical and horizontal surfaces differed from each other within the age x
GTR level treatment (MRPP test A=0.2-0.5, p=0.01; Fig. 3 B). Focus on horizontal stump
surface only (as the case of post-harvest colonization) showed clear difference of
assemblages between 46 yr. and 9—11 yr. cut sites both on wood and on cut bark around the
stump (A=0.5, p<0.001). Focus on assemblages on wood only revealed the difference
between horizontal and vertical surfaces of stumps both on 4-6 yr. (A=0.4, p<0.001) and 9-
11 yr. (A=0.3, p<0.001) cut sites.
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Figure 3. Total composition of lichen species assemblages on pine stumps (n = 4 stumps per
site) on young and old (4-6 and 9-11 years, respectively) post-harvest sites with high (14-25
trees/ha) and low (< 6 trees/ha) green tree retention (GTR) level (A). Vector on the graph
indicates that functional area of stumps (i.e. stump area not covered by bryophytes, S_fun) is
related to the second ordination axis. Graph (B) illustrates lichen assemblages separately on
vertical and horizontal surfaces of pine stumps (joint symbols on the left and right,

respectively).

3.5. Distribution of lichen functional traits in post-harvest sites

Among lichenized species the dataset for functional trait analysis included only
chlorolichens (i.e. no species with cyanobacteria or trentepohlioid algae) and dominated
species with thallus that had grey or green to greenish grey colour; most of lichenized species
contained also acetone soluble lichen secondary compounds. Prevailing reproduction types
within the dataset of stump inhabiting species was vegetative. Among sexually dispersing
species spore traits did not vary: most had one-celled spores and species with hyaline spores
dominated over species with coloured spores, species with smooth surface and medium sized

spores were more common (10-20 p).

Based on results of Two-way ANOVA, the distribution of trait characteristics within
trait types “Thallus type”, “Thallus colour” and “UV substances” differed between young (4—
6 yr.) and old (9-11 yr.) post-harvest sites ((F(2.42) = 9.921, p < 0.001, F(356) = 11.338, p <
0.001 and F(1.23) = 26.468, p < 0.001 respectively)). Based on Tuckey’s HSD Post Hoc test,
old sites presented higher mean richness of species with crustose and fruticose thallus
(p<0,001; Fig. 4 A), species having greenish to greenish grey and yellowish green thallus
colour (p<0,01; Fig. 4 B) and species with UV-protective substances (p < 0.001; (Fig. 8 B in
thesis).

A) B)
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Figure 4. Mean species richness (with standard error) of different thallus type (A) and thallus
colour (B) traits on stumps in 4—6 and 9—11 yr. post-harvest sites. Sample sizes see Table 3 in

thesis.

4. DISCUSSION
4.1. Contributions to the knowledge on lichen and allied fungi biota of Latvia

The total number of lichen and allied fungi species known in territory of Latvia
increased by 116 taxa in 6-year period of the author’s (co-)studies (I-VII). At present, the
total biota of lichens and allied fungi counts ca. 700 species in Latvia. Most of newly
recorded species are epiphytic and epixylic lichens — species associated mainly with old-
growth forest habitats. Current contributions also indicate the lack of research for certain
species groups in Latvia — e.g. wood dwelling lichens, lichenicolous fungi, saprobic calicioid
species, saxicolous lichens etc. (Papers II-V and VII). Out of newly recorded species,
several species of lichens are potentially rare and perhaps threatened. Such species like
Chaenotheca laevigata, Cetrelia monachorum, Microcalicium ahlneri, Parmelia submontana,
are associated with old-growth forests, which are declining in all Baltic countries.
Dermatocarpon miniatum and Pilophorus cereolus grow in unpolluted streams and on
undisturbed boulders and sandstones, an infrequent habitat type in the eastern Baltic region.
All above mentioned species are rare in Estonia and Lithuania, and considered as threatened
(Lohmus et al. 2019; J. Motiejunaité pers. comments). On the other hand, some of newly
recorded lichen allied fungus species like Leptorhaphis epidermidis, Ochrolechia
microstictoides, Pycnora sorophora, Clypeococcum hypocenomycis and Sarea difformis are

probably overlooked in Latvia.

Most of newly recorded species were collected and/or identified by visiting

lichenologists (co-authors of Papers II and V), which is expectable, and demonstrates the
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importance of foreign specialist involvement with specific knowledge on particular lichen
groups. For example, the lichenological meetings with field visits, carried out in Baltic
countries in previous years, bring together professionals and amateurs, and it notably raise the
knowledge about biodiversity of the region (Motiejiinaité & Piterans 1998; Motiejiinaité et al.,

2006; Motiejunaité et al. 2012; Paper II; Suija et al. 2020; etc.).

The general knowledge on several Red-listed, protected, and rare lichen species
distribution in the territory of Latvia was noticeably increased. For example, records of red-
listed, protected and rare lichens “OZOLS” increased from 1052 records in 2015 to over 4000
in 2020. The knowledge on distribution in territory of Latvia was essentialy increased for
individual species: e.g., from only few localities in 2015, to over 20 for Mycoblastus
sanguinarius; from less than 20 localities to over 60 localities for Thelotrema lepadinum.
However, some rare lichen species like Bactrospora dryina, Chaenotheca cinerea,
Parmeliella thriptophylla, Protopannaria pezizoides remain to be known from very few

localities.

Relative dearth in general knowledge of lichen diversity in Latvia can be explained by
lack of systematical studies of lichen and allied fungi and low number of specialists who can
deal with lichen species identification in the country. The absence of systematical revisions of
lichen collections brings additional lag in knowledge of Latvian lichen biota. Previously,
species identification in Latvian by TLC methods was used only in few studies. In most cases,
except for the study performed by Mezaka et al. 2012, TLC methods were applied only for
miscellaneous collections (e.g., Czarnota & Kukwa 2010). Various lichen genera and groups,
in which species determination without TLC methods is problematic, or even impossible,
were never revised based on TLC in Latvia (e.g. Lepraria, Ochrolechia, Xanthoparmelia,

various species of genus Cladonia, sterile crustose lichens, etc.).

The revision of genus Cetrelia (VI) was the first targeted revision using TLC methods
in Latvia. Until then, only two species, Cetrelia olivetorum and C. cetrarioides, were known
in Latvia (Abolina et al., 2015), while the revision of herbarium material added the third
species — C. monachorum. In most countries of Northern Europe all species of genus
Cetrelia are threatened and red-listed (VI). So far, only C. olivetorum and C. cetrarioides are
strictly protected by Latvian legislation. The results of Paper (VI) show that C. monachorum
is as rare as C. cetrarioides s.str. and C. olivetorum s.str. During the upcoming assessment of

red-listed species using IUCN criteria, it is suggested to perform the assessment for each
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species separately. However, it is suggested to include C. olivetorum s.lat. as one
conservation unit for legislative lists. Such approach will help to simplify the bureaucratic
process of protecting Cetrelia species. At the same time, all species of genus Cetrelia should
be added to monitoring programmes of rare species separately, as it can improve the

understanding of the actual situation with each species.

Despite the extensive contribution brought to the general knowledge of lichens and
allied fungi during last years, the total number of known lichens and allied fungi species still
remains the lowest comparing to the other Baltic States (Motiejunaité 2017, Randlane et al.
2019). Current situation indicates the need to include lichens in the monitoring systems of the
general species diversity in forest ecosystems. Also, systematical revisions of lichen herbaria
material should be performed using up-to-date literature and methods. Such great amount of
works implies the co-operations with specialists from other countries who are familiar with

particular groups of lichens and allied fungi.

4.2. Lichens in post-harvest sites

Various stand- and substrate scale factors, such as volume of dead wood, the level of
green tree retention and substrate diversity have an impact on wood-dwelling lichen
assemblages, species richness and composition in cut-over sites (e.g. Blasy & Ellis 2014,
Ranius et al. 2014, Hamaildinen et al. 2015, Hiron et al. 2017). However, there is a dearth of
studies devoted to exploration of forest management activities that shape the richness of
wood-dwelling lichens and their assemblages on different substrates in dry boreal post-

harvest sites of hemiboreal region.

Altogether 54 species of lichens and non-lichenized fungi were found in dry boreal
cut-over sites (I) up to 11 yrs. after cutting. The absolute majority of the species found in
studied sites are common lichens of coniferous forests in hemiboreal region. Similar
prevalence of forest generalist species on dead wood structures was also observed in studies
performed in other countries and regions by Daniéls (1983), Fattynowicz (1986), Spribille et
al. (2008), Hamaldinen et al. (2015), Hiron et al. (2017). Moreover, about two-third of the
recorded species in study (I) are the lichens that may also be found on other substrates and
habitats. Five species were found to inhabit exclusively wood on studied dead-wood
structures (e.g. Calicium glaucellum, C. trabinellum, Cladonia parasitica, Cladonia stellaris
and Mycocalicium subtile). Of these, C. stellaris is known as a common epigeic species

infrequently occurring also on well decayed wood and bark (Motiejuinaite 2020). Meanwhile
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above mentioned calicioid species are known to be obligate epixyles in (Lohmus & Lohmus
2011; Appendix 1. in Spribille et al. 2008) and are more associated with late successional
forest ecosystems, and C. trabinellum is considered as indicator species of lichen biocenters
in neighboring Lithuania (Motiejiinaité et al. 2004). Cladonia parasitica is Red-listed species
in Latvia (similar as in neighboring Estonia and Lithuania) and is commonly associated with
lying dead wood in natural and near natural pine forest stands. In this study, C. parasitica
was found on horizontal cut surface of stumps, exclusively in older (9-11year post-harvest)

sites.

4.2.1. Lichen assemblages on stumps and importance of stumps as lichens habitat

Stumps are known to be lichen-rich dead wood structures, hosting up to a half of dead
wood lichen biota, in natural and managed boreal forest ecosystems (Faltynowicz 1986;
Spribille et al. 2008; Hamél&inen et al. 2015; Svenson e t al. 2016; Hiron et al. 2017; Ranius
et al. 2019). However, in all above mentioned studies different sampling methods were used,
which makes it difficult to compare lichen species richness on stumps among the studies.
Fattynowicz (1986), author reports 39 species of lichens recorded on stumps, in Poland,
Hiamaéldinen et al. (2015) — 95 species on pine stumps in Finland, Hiron et al. (2017) found 32
lichen species on pine, spruce and birch stumps in boreal forests of Sweden, Blassy and Ellis
(2014) reported 46 species of lichens on pine stumps in north-east Scotland. The study by
Spribille et al. (2008) focused on the obligate lignicolous lichen species in a large-scale
geographic area and reported 53 obligate lignicolous lichens from stumps. In case of Latvia
(study I) 48 stump-dwelling lichen species were found. However, despite the difference in
sampling and geographical location of study sites, in all above mentioned studies, and in
Latvia, authors conclude that stumps are among most lichen species rich structures in boreal
forests, both, young and old, ranging total species richness on pine stumps at least between

39-48 species.

The results of study (I), similar to the studyZies performed by Hidmélédinen et al.
(2015), Ranius et al. (2019) in Fennoscandia, and Fattynowicz (1986) in Poland, showed that
pine stumps are lichen species rich substrate even in early-successional stages. Faltynowicz
(1986) found that the vast majority of lichen species on early successional stumps (e.g. 1-5
year after felling) are epiphytes growing on remaining pine bark, which was not yet detached
from wood. In addition, Faltynowicz (1986) also suggested that colonization of cut surface of

stumps by lichens is intensive 6-10 years after the logging, and the peak of lichen diversity
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falls on 11-16 yr. old stumps. Also, the studies by Faltynowicz (1986) and Humprey et al.
(2002) in European temperate forests and Kruys et al. (1999) and Caruso & Rudolphi (2009)
showed that lichen diversity on conifer dead wood tends to peak at intermediate and late
decay classes. The findings of study (I) supports the conclusions of above mentioned studies,
showing that species richness of horizontal surface (cut surface) is almost two times higher in
9-11 years old post-harvest sites than in 4-6 years old sites. Also in study (I) it was
demonstrated that early-successional (4-6 yr. old) stumps can host up to 18 species of lichens
and allied fungi, and most of these are epiphytic species found on the remaining bark. In next
five years of succession (9-11 yr. old stumps) species richness can almost double comparing
to 4-6 yr. old stumps, and most of species are wood-dwelling, as the bark has already
detached, and the variability of decay classes per stump is high. This indicates relatively rapid
colonization speed of lichens on the particular substrate within the decade and makes stumps

valuable component for lichen diversity conservation in early-successional post-harvest sites.

The results of study (I) for the first time demonstrated clear difference of lichen
assemblages on vertical and horizontal surfaces of stumps, showing evidence of separate
vertical and horizontal assemblages. So far only one study has explored impact of post-
harvest age and green tree retention practice on wood-dwelling lichen assemblages in dry
boreal pine cut-over sites (Haméildinen et al. 2015). Comparing the study performed by
Hamadliinen et al. (2015), in study (I) lower number of stump-dwelling species was recorded,
which can be explained by different geographical and climatic conditions, as well as lichen
species diversity and composition differences in boreal and hemiboral vegetation zones.
Recently such regional differences in lichen assemblages on different wood legacies were

demonstrated by Lohmus et al. (2018), in post-fire sites.

As it was expected, assemblages on younger (4-6 yr. old) and older (9-11 yr. old)
stumps significantly differ; this can be explained by predominance of bark-dwelling species
on young stumps, and colonization of obligate and facultative epixylic species on older
stumps caused by exposure of wood substrate on stumps, similar as it was noticed by
Fattynowicz (1986). Such ability for rapid changes in lichen assemblages could be explained
by evolutionary adaptation of wood-dwelling species to natural disturbances (e.g. windbreaks)
which could be similar to logging process, e.g. evolutionary species pool concept suggests
that most species are adapted to the naturally most abundant habitats (Taylor et al. 1990).
However, the recent study of Ranius et al. (2019) showed that the evolutionary species pool

concept did not explain patterns of species’ occurrences (including lichens) on different wood
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substrates in Sweden. However, more empirical studies are needed for each habitat to
understand how natural disturbances should be emulated to promote biodiversity in post-

harvest sites.

The results of study (I) showed that the cover of bryophytes on stumps increases
along the time, shaping the assemblages of lichens. Such pattern potentially can lead to the
reduction of available dead wood area on stumps in second decade cut-over sites. This
problem potentially could be solved by increasing mean height of stumps, to reduce the speed
of bryophyte colonization and increase the available area of dead wood (functional area, not
covered by bryophytes) on stumps, in logging sites, similar improvements in boreal forest

management were also proposed by Blasy & Ellis (2014).

Stump harvesting, commonly practiced in Fennoscandia (Sweden and Finland), is
shown to have a negative impact on wood-dwelling lichen diversity in cut-over sites
(Hadméldinen et al. 2015; Persson & Egnell 2018). So far, in Latvia, stump harvesting is not
much practiced, and the effects of stump extraction in cut over-sites are still being under
study (Lazdin$ et al. 2009; Libiete et al. 2019). Even more, as study (I) indicated that where
there is notable low number and volume of logs and snags in the study sites, stumps may
appear to be the main source of dead-wood for lichens during first post-logging decades in
cut-over sites of Latvia. For further studies, it is suggested to focus on dead wood-dwelling
lichens assemblages in 30-40 yr old post-harvest sites, as the first forest management
activities, such as thinning, are usually performed in this period. At about the same time,
dead-wood structures (including stumps) saved during the harvest, most probably are totally
decorticated or overgrown by bryophytes/vascular plants. In such case, mid-aged sites can
have even lower amount of available dead wood substrates for lichens, than first two decade

regenerated sites.

4.2.2. Lichen functional traits on stumps

Studies that explore functional diversity (e.g. variability of microclimatic conditions
in forest structure, species functional trait variability etc.) in young/managed forests are rather
recent. Bicklund (2016) in Sweden, Benitez et al. (2018) in tropical montane forests in
southern Ecuador, and Malicek et al. (2019) in Czech Republic showed that analysis of lichen
functional traits can contribute to the deeper understanding of the mechanistic processes that
control species distribution in managed forest ecosystems. However, the studies that explore

the changes in the composition of lichen functional trait groups in regenerated dry boreal
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forests still lack. In study performed by Bécklund (2016), non-native phorophytes were also
in focus, which makes result comparison problematic. According to Friedl and Biidel (2008)
chlorolichens are the most common among lichens. The results of study (I) also showed, that
vast majority of the recorded stump-dwelling lichens were chlorolichens or non-lichenized
fungi. The predominance of chlorolichens in young cut-over sites is supported by findings of
Stofer et al. (2006) in main biogeographic regions of Europe (including boreal Finland) who
showed that the proportion of chlorolichens increases with intensification of land use.
However, mature and old-growth forests should be analyzed to get deeper understanding

about the effect of logging activities on lichen photobiont composition changes in stands.

Stump dataset of the study (I) contained more species with vegetative and mixed
reproduction strategy, than species with predominant sexual reproduction. Higher proportions
of asexual species in managed rather than in primary forests was previously demonstrated in
China and Czech Republic (Li et al. 2013; Malicek et al. 2019). At the same time, the results
of other studies performed by Stofer et al. (2006) and Lundstrom et al. (2013) show an
opposite pattern. Béssler et al. (2016) found that asexual reproductive mode facilitate
establishment under low temperature conditions. All mentioned studies were performed in
different forest ecosystem types, outside hemiboreal region. Such differences could be
explained by different study designs and study objects (e.g. stand scale and structure scale

variables).

Most lichen ascospores are small, approximately 1-30 pum, which could be related to
the substrate colonization strategy and dispersal over great distances (Hansson et al. 1992).
Large ascospores, similar to vegetative propagules are supposed to disperse over a shorter
distance, which makes large ascospores important for population turnover at a site-level
dispersion, rather than to dispersal of the species over a longer distance (Hansson et al. 1992).
The ascospore anatomical and physical characteristics like spore size, colour and cell number
etc. - the traits, which can affect the dispersion ability of forest-dwelling lichens, especially in
such extreme conditions like post-harvest sites. Based on dataset of study (I) species which
inhabit stumps (both young and old ones) in most cases produce small or medium size,
hyaline, one celled spores without ornamentation. Species with large spores are extremely
uncommon on studied stumps. Which doesn’t fit with findings done by Hansson et al. (1992).
But similar pattern - prevalence of one-celled medium size spore species on dead wood
substrates — was found by Pentecost (1981) in Britain, indicating the ecological importance of

above mentioned spore traits, for the colonization of short-living substrates (e.g. dead wood).
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Only several species found in post-harvest sites (both young and old) in study (I), (calicioids
and species from genus Physcia) have dark spores, and none of the species have
combinations like multi-septate dark spores, but older (9-11 yr.) stumps can host more
species with unique spore and fruit body traits (mostly calicioids), such as stalked apothecia
containing dark ornamented spores. Surprisingly, but several reproduction traits were not
represented among studied species at all (e.g. perithecia or pycnidia). Also, species with
multi-septate (>two-celled) spores were not found. The prevalence of small hyaline spores,
probably may explain the prevalence of common species in dataset, species which are tended
to disperse in large distances. However, most of stump-dwelling lichens colonized stump

bark before the harvest, which makes interpretation of spore trait results difficult.

The colour of the upper surface of lichen thallus is mostly determined by the type of
lichen secondary compound and photobiont type and/or by pigments (like melanin) of fungal
cell walls of cortical hyphae. (Butler & Day 1998; Elix & Stocker-Worgotter 2008; Brodo et
al. 2001). At the same time, many lichen secondary compounds and pigments can function as
UV-filters (Nguyen et al. 2013). The studies done by Kershaw (1975) indicate that thallus
colour appears to modify the temperature of the thallus. Moreover, it was found that light
thallus forms are more represented in habitats with high light intensity in lower forest layers
(Robinson et al. 1989), while in forest canopy lichen assemblages, dark thallus forms (like
Bryoria), which contain melanin, can be more common than usnic acid containing species —
e.g. Usnea and Alectoria (Férber et al. 2014).  The results about stump-dwelling lichens
show that almost % of recorded species in the studied cut-over sites contain UV-protective
substances. Natural dry boreal forests are known to be one of the most sun exposed forest
type in hemiboreal region. However, the light intensity in young regenerated forest sites,
especially in the first decade, is supposed to be even higher than in mid-aged or old forest
ecosystems, except the cases when natural disturbances such as windbreaks and/or forest fire
has affected the ecosystem. Robinson et al. (1989) suggested that the increasing proportion
of light-coloured lichens along a light intensity gradient is an expected pattern. The stump
dataset analysis of study (I), supports the hypothesis, that the light-coloured lichen thalli traits
are more common in well-lit conditions, than dark ones. Moreover, it is obvious that most of
bark dwelling species found on stumps in study (I) are the species which survived after the
unnatural disturbance (forest harvest). Such finding allows to suggest that presence or
absence of the UV-protective substances, and colour of thalli (which in many cases are

defined by lichen substances), are expected to be one of the key traits associated with the
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survival/extinction of species populations under disturbance conditions, at least in a short-

term perspective.

We found that on 9-11 yr. old stumps the proportion of crustose and fruticose thalli
(the latter mainly represented by species of genus Cladonia), was higher than of species with
foliose and squamulose thalli, and it doubled on older stumps compared to the younger (4-6
yr old stumps) ones. Similar prevalence of crustose and/or Cladonia-type lichens on conifer
dead wood in boreal sites are reported by Faltynovicz (1986), Caruso et al. (2010),
Héamalédinen et al. (2015; 2021). Caruso et al. (2010), showed also the rapid increase in
occupancy of spruce stump by crustose species during the first decade. Moreover, stumps in
older successional stage were also in focus in studies performed by Faltynovicz (1986) and
Caruso et al. (2010), and the replacement of crustose species by species with other thallus
traits was observed in both cases. Also, in both of above mentioned cases, authors conclude,
that in the end of the second decade after harvest, most of stump wood surface is covered by

bryophytes, and is not functioning as valuable substrate for lichens.

4.2.3. Fine woody debris

Harvesting of stump and fine woody debris for biofuel production is well practiced in
Fennoscandia. In Baltic countries the harvest of FWD is much more common than stump
extraction. Moreover, Baltic States are among largest wood pellet producers in Europe, and
FWD is used as raw material for wood pellets. The potential impact of FWD (including slash)
harvest on lichen richness have been assessed to be modest in mid-boreal spruce (Caruso et al.
(2008), Svensson et al. (2013) and pine dominating sites (Hidmaéldinen et al. (2015).
Hémadliinen et al. (2015) found 69 lichen species on FWD in post-harvest pine sites, while in
study (I) 43 species (approx. 90% of species found on stumps); in both studies most of
recorded lichens were common epiphytes of hemiboreal and boreal forests. Similar to stumps,
lichen assemblages on FWD changed and became more distinct in time. This result cannot be
considered obvious, as according to Caruso et al. (2008) and Haméldinen et al. (2015)
downed FWD is a less specific lichen habitat and hosts mainly generalist species that are
tolerant to environmental change and (or) have good establishment abilities. In case of study
(I) five species showed affinity for FWD, of these Platismatia glauca and Bryoria fuscescens
which commonly are associated with lichen communities on tree trunks and twigs in boreal
forests, and Sarea resinae which is usually found on resin of Picea abies. However, FWD

fraction consist of both pre- and post-harvest legacies and thus transition from corticolous to
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lignicolous communities can take place already on early post-harvest sites. Hiron et al. (2017)
estimated the impact at the landscape scale and found that beetles and fungi were more
affected by stump extraction, while lichen abundance was more affected by slash extraction.
Thus, the large scale study focused on FWD extraction effect on lichen diversity in a

landscape-scale, are needed in Latvia as well as in other Baltic countries.

4.2.4. Forest management and lichens

Even though sample size for stumps in our study was considerably lower, the similar
results as in Himél4dinen et al. (2015) were obtained, i.e. higher retention level favours higher
species richness on cut stumps. That can be explained by an additional pool of epiphytic
lichens dwelling on retention trees (Hdméldinen et al. (2015). Altogether the result of study I
implies that after the first decade following the harvest, the impact of green tree retention
level on lichen species diversity on woody substrata has decreased. However, taking into

account the sample size of study (I), the large-scale study is necessary to test this hypothesis.

The results of the study I showed that dead wood structures in young cut-over sites
can host notable lichen and allied fungi species richness during the first decade after the
logging. However, the deficiency of dead wood legacies (logs and snags) in studied post-
harvest sites was observed. Though snags were considerably lower in numbers, the species
richness recorded on them was high and total frequence of some species was even higher than
on stumps (e.g. for calicioids). This indicates the importance of snags as valuable habitat for
epixylic lichens on harvested sites (see also Runnel et al. 2013, Santaniello et al. 2017), as
stumps probably cannot replace spectrum of habitats provided by snags (for example: kelo
wood, dry wood above 2m from ground, etc.) (Haméldinen et al. 2021). The scarcity of logs
and particularly of snags in post-harvest pine forest sites can be explained by local traditions
of wood use as a source of firewood for house heating and illegal collection of firewood in
recently cut sites (such local tradition of ‘‘cleaning’’ of cutovers have been reported also in
Estonia, see Lohmus et al. 2013). Also, disregard of local laws by logging companies is

possible along with inadequate inspections by responsible environmental institutions.

Given the small sample size of tested treatment groups in the current study, general
management recommendations cannot be reliably proposed and the landscape-scale impact of
FWD and stump harvest on lichen biodiversity should be studied in future. Still, our study
indicates clearly that harvest of pine stumps can increase negative effect to the lichen richness,

as stump “life-time” is much longer than of FWD and pine stumps can be inhabited by
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species of conservation concern, like Cladonia parasitica. According to results of study (I),
the level of green tree retention supposed to have an effect on lichen species richness on
stumps. However, in this study the sample size was relatively low, thus the effect of green
tree retention level on dead wood dwelling organisms should be studied more detaily, in sites

with group and dispersed green tree retention.

To follow sustainable forestry certification standards (FSC, PEFC etc.) forest
management companies allowed to retain “high stumps” (live trees cut at height 2—4 m from
the ground). Such structures have relatively high value for saproxylic beetles (Abrahamsson
& Lindbladh 2006). In studies done by Hidméldinen et al. 2021, authors demonstrate that
creation of 3-5 m high “stumps” in cut-over sites has limited value for lichen diversity in c.a.
first 20 years. However, authors also mention, that long-term effect of such structure creation
should be studied yet. Thus, the true long-term value of high stumps for lichens in post-
harvest sites should be explored more detailed, making accents on experimental studies with
stump height, both in harvested sites, and in mid-aged production forests as well. The
measures proposed by Blasy & Ellis (2014) — the retention effect of stumps with different
height on lichens is still not studied. Therefore, the retention of stumps with height about 1 —
1.5 m along with “normal height” stumps can be studied, as an alternative to “high stumps”.
Such activities could be combined with group green tree retention, which would reduce the
mechanistic problems related with further forest management activities (e.g. planning the
technological corridors for forest technique, preparing soil for planting of saplings etc.). The
effect of dead wood preservation on lichen diversity during mid-aged boreal forest

management should be studied more detaily, as well.
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SUMMARY AND CONCLUSSIONS
The findings of this thesis showed that the general knowledge on biota of lichens and
allied fungi in Latvia was limited, as extensive contributions done during the last
years brought knowledge on 116 taxa, new for Latvian biota. In addition, the revision
of genus Cetrelia showed the importance of regular revisions of lichen herbaria
material using adequate methods of species determination. New records of previously
unknown species of lichens and allied fungi in Latvia are expected in near future, as
the total number of species in the country still remains the lowest among
neighbouring as well as Northern European countries, and large number of lichen
groups still need to be revised. Thus, the integration of lichens as organism group in
Latvian biodiversity monitoring programs/systems is critically important, as various
of newly recorded species are rare and threatened in other Baltic countries or/and in
Northern Europe. This brings additional doubts about real knowledge of actual state

of lichen biodiversity and possible threats in Latvia.

In our study it was found that first decade post-harvest forest lichen biota can be
relatively diverse, even under the condition that the performed study focused only on
dead wood of only one tree species (Scots pine) in particular conditions (Vacciniosa
type forests) and the number of sampled sites was not high. The higher level (30-40
m3/ha) of green tree retention as a conservation measure in post-cut sites showed the
positive effect on stump-dwelling lichen species richness in first years after
disturbance (i.e. logging). Still, the overall low amount of natural dead-wood
structures (e.g. logs and snags) observed in most harvested study sites, may reduce the
positive impact of green tree retention. In addition, low amount of FWD, and at the
same time relatively high lichen species diversity show that the effect of FWD
harvesting should be estimated more precisely in following studies. Stumps were
among the most lichen species rich substrate in our study. It was found that lichen
species richness on stumps can almost double in ca 5-year period. Stump dwelling
lichen assemblages were distinct among young (4-5 yrs) and old (9-11 yrs) stumps,
and also distinct between same age sites with different level of green tree retention.
This allows to suggest that level of green tree retention can affect the formation of

lichen assemblages in post-harvest sites.

25



It was found that lichen assemblages on young stumps formed by lichens with
different thallus types, change along the time becoming more represented by crustose
and fruticose species on old stumps. Also, both young and old stump lichen
assemblages are represented by species which spread by vegetative propagules, or
both vegetative propagules and ascospores. Among lichenized species the dataset
included only chlorolichens. Moreover, at least % of recorded stump-dwelling species
in the studied cut-over sites contain acetone-soluble UV-protective substances, and
most of the recorded species have light thallus colour, which can be explained as the
selection of particular traits by rapidly changing environmental conditions in post-cut
forests. The long-term studies are purposed for the estimation of a real effect of forest

management on lichen diversity.
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1. IEVADS

Ziemeleiropas mezi pagajusaja gadsimtd ir krasi mainijusies intensivas mezu
apsaimniekoSanas dé] (Esseen et al., 1997; Siitonen, 2001). Jaunas un vid&€ja vecuma
mezaudzes ir kluvusas biezakas miisdienu Ziemeleiropas mezu ainavas (UNECE & FAO
2011, Vilén et al. 2012). Sadi meZi atSkiras no dabiskam vai vecu mezu ekosistémam ar
samazinatu mikrobiotopu daudzveidibu (pieméram, kritalas, sausokni, veci koki utt.) un

mikrobiotopu kvalitati (piem., Lohmus & Kraut 2010, 2. tabula).

Lai mazinatu mezizstrades negativo ietekmi uz biologiskas daudzveidibas
samazinasanos un nodro§inatu ilgtsp&jigu meza apsaimniekosanas politiku, un ievérotu meza
sertifikacijas standartu krit€rijus un prasibas, pieméram, FSC (MeZu uzraudzibas padome) un
PEFC (Meza sertifikacijas sisttmu novertéSanas programma), tiek piemerotas dazadas
apsaimniekoSanas prakses - dzivu koku saglabasana (t.i., ekologisko koku saglabasana) un
atmiru$as koksnes struktiru saglabasana cirsmas ir viena no visbiezak pielietotajam praksém

Ziemeleiropa (Gustafsson et al. 2010, 2012).

Sagaidams, ka atmirusas koksnes saglabasana var nodrosinat sugam bagatas epiksilo
kerpju sabiedribas pirmaja desmitgade péc mezizstrades gan borealajos, gan hemiborealajos
Ziemeleiropas regionos (Caruso & Rudolphi 2009, Runnel et al. 2013). Taja pasa laika,
epiksilo keérpju sugas un/vai sugu kopas boreala un hemiboreala regionu mezaudzEs var

atSkirties (Lohmus et al. 2018).

Mezizstrade ir viens no lielakajiem draudiem biologiskajai daudzveidibai. Latvijas
kérpju un tiem radniecigo sénu (lichens and allied fungi) biota ir viena no vismazak pé&titajam
Ziemeleiropas valstis, savukart meza apsaimniekoSanas, piem&ram, mezizstrades spiediens uz
epiksilajam kérpju sugadm Latvija nekad netika pétits. Lidz ar to nav zinama ne patiesa
epiksilo kérpju biologiska daudzveidiba, ne arT dati par to, kadi meza apsaimniekoSanas
pasakumi saimnieciskajos mezos butu visoptimalakie, lai saglabatu ke&rpju biotas

daudzveidibu Latvija.

1.1. Petijjuma aktualitate, novitate un merki

Salidzinot ar kaiminvalstim (sk. sadalu 1.1. promocijas darba), kérpju un tiem
radniecigo sénu daudzveidiba Latvija ir maz pétita. ST iemesla dél pirmais mérkis bija
palielinat visparigas zinasanas par kérpju un tiem radniecigo sénu biotu Latvija (II-VII), it

pasi par epiksilajam k&rpju sugam (I-III).



Otrs mérkis bija veikt Cetrelia gints reviziju Latvija, pamatojoties uz TLC (planslanu
hromatografijas) metodi, jo ginti ietilpst sugas ar lidzigu morfologiju, kas veido kimiski
daudzveidigu kompleksu (VI). Cetrelia ginti ietilpstoS$am sugam ir liela dabas aizsardzibas
nozime Latvija un Ziemeleiropa, jo visas Cetrelia gints sugas ir zinamas ka retas un

apdraud@tas visas Ziemeleiropas valstis, kur $Ts sugas ir sastopamas.

Tresais petijuma mérkis bija izp&tit meza apsaimniekosSanas darbibas (t.i., ekologisko
koku saglabasana) ietekmi uz k&rpju sugu kopu un sugu daudzveidibu dazados jaunaudzu
biotopos (I). Konrétak, mérkis bija aprakstit keérpju sugu kopu uz priedes (Pinus sylvestris L.)
atmiru$as koksnes struktiiram (celmiem, sikas koksnes, sausokniem un kritalam) 4 -6 un 9 -
11 gadus vecas, sauso borealo priezu audzes Latvija (I) un noskaidrot, a) kada veida substrata
un audzes méroga parametri ir saistiti ar k&rpju sugu daudzveidibu un sugu kopu uz
saglabatajam priezu atmirusas koksnes struktiiram (I), un b) vai kérpju funkcionalas pazimes

uz celmiem 4 - 6 un 9 - 11 gadus vecas priezu jaunaudzes atSkiras (promocijas darba).
Aizstavesanai izviritas tezes:

- Latvijas keérpju biotas apzinaSanai nepiecieSams veikt misdienigu analizi un datu

papildinasanu;

- Ekologisko koku saglabasanas limenis un vecums kop$ mezizstrades ietekmé kérpju sugu

daudzveidibu uz celmiem un sikas koksnes;
- K&rpju funkcionalo pazimju kopas uz celmiem mainas pirmaja desmitgade péc mezizstrades.
Darba uzdevumi:

- Merktieciga keérpju sugu daudzveidibas izpéte iepriek$ atlasitajas teritorijas, lai apzinatu
kerpju datu trikumu par k&rpju biotu,

- Veikt Cetrelia gints kérpju gints reviziju Latvija;

- Datu ievakSana par k&rpjiem p&c mezizstrades 4-6 un 9—11 g. vecas sausas borealas priezu
audzgs Latvija;

- Keérpju kopu apraksts uz priedes atmirusas koksnes struktiiram (celmiem, sikas koksnes
struktiiram (turpmak teksta FWD), sausokni un kritalas) péc mezizstrades 4-6 un 9-11 g.

vecas sausas borealas priezu audzes Latvija;



- Ievakto ipatnu noteikSana, izmantojot adekvatas lihenologiskas metodes, ko izmanto sugu

noteik$anai.

2. MATERIALI UN METODES
2.1. Keérpju fona daudzveidibas izpete

Lai pilnveidotu vispargju zinaSanu Itmeni par k€rpju un tiem radniecigo sénu
daudzveidibu un parbauditu meza sugu sastopamibas biezumu, tika apsekoti vairaki biotopu
veidi (mezi, iezi un atsegumi, parkveida plavas, koku alejas un parki, purvi u.c.) ieprieks
izveletas vietas (sk. 1. att., un 2. att. promocijas darba). Katra pétitaja biotopa kérpji un tiem
radniecigas sénes tika registrétas uz visiem substratiem lidz 2 metriem virs zemes. Tika
registrétas visas ievérojamas (pieméram, Latvijas Sarkanaja gramata icklautas, aizsargajamas,
retas un Latvija lidz §im nezinamas) kérpju sugas. Sugam, kuras nav iesp&jams noteikt lauka
apstaklos, tika savakts arT herbarijas materials. Visus kérpju datus, ko savakusi neprofesionali
lihenologi, darba autors parbaudija, apmeklgjot vietas un/vai identificgjot savaktos kérpju
herbarijus. Visi nozimigie kérpju atradnu dati tiek glabati Dabas datu parvaldibas sistema
“OZOLS”, ko uztur Dabas aizsardzibas parvalde (LR Vides aizsardzibas un regionalas

attistibas ministrijas padotiba).
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1. att€ls. Apsekotas vietas, kuras registrétas jaunas sugas Latvijai (II, III, IV, V un VII
publikacija), un Cetrelia paraugu savakSanas vietas (VI). Pietuvinataja kart€ ir paraditas I

pétijuma izpétes vietas.

Laponu punkt-testa reakcijas tika parbauditas ar natrija hipohlorita Skidumu
(komercialais balinatajs) (C) un/vai 10% KOH Skidumu (K) lauka apstaklos. Laboratorija
kérpji tika identificéti péc standarta lihenologiskam metodém. Paraugiem, kuriem
nepiecieSama sekundaro metabolitu parbaude, tika izmantota planslana hromatografija (TLC)
(Orange et al. 2001). Ievaktie eksemplari tiek glabati Daugavpils Universitates (DAU)
lihenologiskaja herbarija.

Latvija sastopamo Cetrelia gints sugu revizija tika veikta, pamatojoties uz herbarija
materialu, kas ievakts Latvijas teritorija laika posma no 1957. lidz 2018. gadam un tiek
glabats Daugavpils Universitates (DAU) un Latvijas Universitates (RIG) lihenologiskajos
herbarijos. Visi paraugi tika parbauditi ar TLC metodi. Eksemplaru atradnes vietas tika

parrakstitas no herbarija etiketém, un Cetrelia gints sugu izplatibas kartes tika izveidotas,

izmantojot ESRI ArcGIS pro 2.3. (ESRI 2011).



2.2. Kerpju kopas uz atmirusas koksnes sausas borealas jaunaudzes

Kerpju sugu kopu un sugu daudzveidibas izp€te sausienu tipa borealas jaunaudzes
veikta Latvijas DA dala (I), hemiboreala meza zona (p&c Ahti et al. 1968). P&tijuma vietas
izveletas no Vacciniosa (Métraju) tipa audz€m (Buss 1976). Izpétes vietas izveletas 2,5 - 9 ha
lielas, ar stadiSanu atjaunotas, priezu audzes, kas atrodas arpus aizsargajamam teritorijam (1.

att., pietuvinata karte).

Petijuma vietas tika sadalitas Cetras izp&tes grupas (turpmak ka “izpetes grupas”),
pamatojoties uz laiku kops galvenas cirtes veikSanas (4 - 6 un 9 -11 gadi p&c mezizstrades) un
ekologisko koku saglabasanas (GTR) limeni (“augsts”, 14 - 20 koki uz ha, jeb 30 - 40
m3/ha)., un “zems”, < 6 koki uz ha vai < 12 m3/ha). Katra no izpétes grupam tika parstavéeta
Cetras vietas, kopa pétijuma tika apskatitas 16 mezaudzes. Visas izp€tes vietas tika
standartiz&tas [idz 2,5 ha lieliem parauglaukumiem, ar 30 m platam buferzonam katra pusé
(minimalais attalums Iidz tuvakajai audzei). Visas pétitas audzes ieprieks§ ir atjaunotas ar
stadiSanas metodi, un visas pétitas audzes ir valsts paSuma. Kopuma, informacija par kérpju
sastopamibu uz koksnes struktiiram katra vieta tika ievakta no diviem sikas koksnes (turpmak
teksta ka “FWD?”) parauglaukumiem (2 x 8 m), 4 celmiem, kas atlasiti gar paraugu nemsanas
transektam, no 1-2 kritalam, kuras Skérso transekti un 1-2 sausokniem, kas tika atlasiti
parauglaukma. K&rpju identific€Sana veikta, izmantojot tas paSas metodes, kas aprakstitas 2.1.

apaksnodala.

2.2.1. Funkcionalo pazimju izvértéSana

Katrai uz celmiem atrastajai k&@rpju sugai (I publikacija) tika izvertéti desmit
funkcionalo TipaSibu veidi starp morfologiskajam, anatomiskajam, kimiskajam un
reproduktivajam pazimém (pilns saraksts pieejams promocijas darba). Informacija par §im
pazimém tika ieglta no sugu noteicgjiem, taksonomijas literatiras un literatiiras par k&rpju
sekundarajiem metabolitiem (Smith et al. 2009; Wirth et al. 2013; Tibell 1999; Thell &
Moberg 2011; Jorgensen et al. 2007; Ahti et al. 2013; Nguyen et al. 2013).

2.3. Statistiska datu analize

Darba (I) atlasito kritalu un sausoknu skaits petijuma vietds nebija pietickams
statistiskai analizei, bet atSkiribas starp celmu funkcionalo laukumu un raupjas koksnes
struktiras (CWD) un sikas koksnes struktiiras (FWD) apjomu cetras apstrades kombinacijas

tika parbaudita ar vienvirziena Welch ANOVA ar Games-Howell post-hoc analizi (pirms



analizes tika izslégtas divas datu veértibas, lai panaktu normalu datu sadalijjumu katrai
analizei). Tika panakts dispersiju viendabigums, ko paradija Levéna dispersijas
homogenitates tests (p <0,001). Vispargjie linearie modeli (GLM) tika izmantoti, lai pétitu
jaunaudzu vecuma un ekologisko koku saglabasanas limena ietekmi uz kop&jo un vidgjo

keérpju sugu daudzveidibu uz celmiem un uz FWD katra izp&tes vieta.

Starp fiksétiem faktoriem bija jaunaudzu vecums (4—6 un 9—11 gadi kop§ cirSanas) un
ekologisko koku saglabasanas (GTR) limenis (teksta < 6 koki/ha, ka “zems” un > 14 koki/ha,
ka “augsts”). Katram modelim tika ieklauti arT divi savstarp&ji nekorel&josi mainigie: (1) un
(2) vidgjais (izpetes vietd) celma funkcionalais laukums un vidgjais celma diametrs un (3)
modela mainigie FWD un CWD apjomi. Sakotngji tika veidoti GLM, ieklaujot visus faktorus
un to mijiedarbibu starp jaunaudzu vecumu un GTR Iimeni. Nenozimigie faktori tika iznemti
no modela manuali pa vienam, sakot ar vismazak nozimigu faktoru. Kérpju sugu kopu
atSkiribas starp izp&tes grupam (atkariba no vietas vecuma un GTR Iimena) tika pétitas uz 1)
celmiem (kopa uz visa celma), 2) atseviski celmu vertikalajam un horizontalajam virsmam un
3) FWD. Vairaku atbilzu permutacijas procedira (MRPP) tika izmantota, lai parbauditu, vai
atSkiras ieprieksS definétas grupas. Lai labotu p-vértibas vairakiem salidzinajumiem, tika

piemérota Bonferroni korekcija.

Keérpju funkcionalo pazimju datu sadalijums tika novertéts ar Shapiro-Wilk testu un
parasto Q-Q diagrammu izveidi un parbaudi. Pien€émums par dispersijas viendabigumu tika
parbaudits ar Levéna testu. Tika veikta divvirzienu ANOVA vai saskanoto rangu
transformacijas ANOVA (atkariba no pienémuma parbaudes), lai noteiktu, vai pastav
mijiedarbibas efekts starp divam neatkarigu pazimju mainigajam (vecums kop$ mezizstrades
un funkcionalas pazimes veids) uz nepartrauktu atkarigo mainigo (sugu skaits). Aprakstosaja
statistika tiek uzradita videja vertiba un + standarta novirze, ja dati atbilst normalam

sadaltfjumam.
3. REZULTATI

3.1. Kérpju fona daudzveidibas petijumi

Kopuma promocijas darba (I-VII) tiek atspoguloti veiktie kérpju daudzveidibas
pétijumi 6 gadu perioda (2015. — 2020.). P&tijumu gaita registrétas 69 Latvijai jaunas k&érpju
un 47 kérpjiem radniecigo sénu sugas. No tam apméram 20% sugu atrada un/vai identific€ja

promocijas darba autors (promocijas darba 1. pielikums).



90 no 116 no jauna registrétas sugas tika konstatétas meza biotopos, 14 sugas
parkos/parkveida plavas un alejas, astonas uz ieZziem (akmeniem) un atsegumiem, un cetras
sugas traucétos/ruderalos biotopos (galvenokart uz augsnes). Lielaka dala no Latvijai jauniem
taksoniem bija epifitiskie un epiksilie k&rpji, bet ievérojams bija ar1 lihenofilo sénu skaits (37

sugas).

P&c Dabas datu parvaldibas sisttmas “OZOLS” datiem, 6 gadu perioda (2015. —
2020.g.) tika veikti 1842 ieraksti par 41 dabas aizsardibas kontekta nozimigam k&rpju sugam,
bet promocijas darba autors parbaudija 754 ierakstus par 37 dabas aizsardibas kontekta
nozimigam k&rpju sugam (Anonymous 2021). Daugavpils Universitates (DAU)
lihenologiskaja herbarija ievietoti apéram 2000 herbarija vienibu, kas parstav 227 kérpju un

tiem radniecigo s€nu sugas.

3.2. Latvija sastopamu Cetrelia gints sugu revizija

Kopuma no RIG un DAU herbarija kolekcijam tika pétiti Cetrelia gintij piederosi 98
paraugi (ievakti laika posma no 1957. lidz 2018. gadam). No tiem 19 eksemplarus ievaca
promocijas darba autors. No pétamajiem Ipatniem Cetrelia cetrarioides un C. olivetorum
veidoja 43% un 42%, savukart Cetrelia monachorum konstatéta retak — ap 15% no
izmeklgtajiem Ipatniem. Saja pétijuma pirmo reizi tika zinots par Cetrelia monachorum
Latvija. Pétitie Cetrelia gints ipatni galvenokart tika atrasti uz Alnus glutinosa, Fraxinus
excelsior, Populus tremula, Tilia cordata, Quercus robur un retak (7% ipatnu) uz A. incana,

Betula pendula, Corylus avelana, Padus avium un Picea abies (VI).

3.3. Kerpju daudzveidiba uz atmirusas koksnes prieZu jaunaudzes

54 kérpju un tiem radniecigo sénu sugas tika uzskaititas métraju tipa jaunaudze€s uz
visiem pétamajiem mirusas koksnes veidiem (FWD, celmi, kritalas un sausokni) 16 izpétes
vietas (detalizétu izpetes vietu sarakstu skatit 1. pielikuma I publikacija). Tris sugas Latvija
registrétas pirmo reizi, proti, Calicium trabinellum, Pycnora sorophora un Scoliciosporum
sarothamni (I, III). Celmus (n = 64) apdzivoja 48 sugas, FWD (n = 32 parauglaukumi)
apdzivoja 43 sugas, uz sausokniem (n = 9) registrétas 27 sugas, bet uz kritalam (n = 24) - 44
sugas. Viena no 1pasi aizsargajamam k&rpju sugdm — Cladonia parasitica — konstateta
septinas vietas (visas 9—11 gadus vecas jaunaudz€s), augot uz horizontalam celmu un kritalu

virsmam (I). Celmu raksturlielumi pétijuma vietas atskiras tikai nedaudz; art FWD un CWD



apjomi bija salidzino$i zemi un Iidzigi visas izp&tes grupas (attiecigi p = 0,454 un p = 0,876; 1

publikacijas 2. pielikums).

Pamatojoties uz finala GLM modeli, kop&ja un vidgja kérpju sugu daudzveidiba uz
celmiem bija atkariga no jaunaudzes vecuma (augstaka daudzveidiba 9-11 gadus vecas
jaunaudzes) un no GTR limena (augstaka daudzveidiba vietas ar “augstu” GTR limeni; 2.
tabula. (I) publikacija, 2.A att€ls). Mijiedarbiba starp vecumu un GTR Itmeni, ka arT celmu
paprametru mainigajiem lielumiem (vidgja celma funkcionala platiba un vid&jais celmu
diametrs katra izp@tes vietd) nebija nozimiga. Nevienam no parbauditajiem mainigajiem
nebija butiskas ietekmes uz FWD kopgjo sugu daudzveidibu (Rezultatu sadala (I) publikacija,
2.B attels).
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2. attels. Kopgja sugu daudzveidiba uz priezu celmiem (A) un uz sikas koksnes (B) 4-6 un 9—
11 gadus vecas jaunaudzes ar zemu (< 6 koki/ha; neiekrasots simbols) un augstu (> 14
koki/ha; melns simbols) ekologisko koku saglabasanas (GTR) limeni. Katra pé&tamaja
jaunaudzu grupa tika aprakstiti 16 celmi un astoni 2x8m paraugaukumi, kuros tika pétitas

sugas uz sikas koksnes (FWD).

3.4. Kérpju sugu kopas uz celmiem un sikas koksnes prieZu jaunaudzes

Kerpju kopas uz celmiem atSkiras starp izcirtumu vecuma grupam ar vienu un to pasSu
GTR limeni (MRPP tests; A = 0,2 un 0,4, p = 0,006 abam grupam) un starp viena vecuma
augsta un zema GTR limena audzém (A = 0,2, p = 0,007 abam grupam). Sadas grupas ir
verojamas NMS ordinacija (3.A att€ls). No parbauditajiem vides mainigajiem, celma vid&jais
funkcionalais laukums korel&ja ar otro ordinacijas asi (1 = 0,24). Kérpju kopas uz FWD

atSkiras dazadas jaunaudZu vecuma grupas ar vienu un to pasu GTR limeni (A =0, 1, p =0,



01 abos gadijumos), bet augsta un zema GTR Iimena vietas bija lidzigas kérpju sugu kopas
(A=0,05, p=0,06, 4-6 g. vecas audzeés un 9-11 g. vecas audzeés A=0,04, p=0,10). Sis modelis
ir redzams ar1 NMS ordinacija (3.B attéls), un neviens no parbauditajiem vides mainigajiem

(FWD un CWD apjoms) nekorel&ja ar ordinacijas asim (r? <0,2).

Lidzigi kopu modeli (vecuma atskiriba un atkariba no GTR limena) paradijas art tad,
ja celmu vertikalas un horizontalas virsmas tika analiz@tas atseviski (A=0,1-0,2, p=0,02—
0,01). Turklat vertikalas un horizontalas virsmas at$kiras viena no otras vecuma x GTR
limena apstrades ietvaros (MRPP tests A=0,2-0,5, p=0,01; 3.B attéls). Koncentrésanas tikai
uz horizontalo celmu virsmu (ka kolonizacijas vietas gadijumu p&c mezizstrades) paradija
skaidru kopu atskiribu starp 4-6 g. un 9-11 g. cirsmu vietam gan uz koksnes, gan uz mizas

(horizontalas virsmas) ap celmiem (A=0,5, p<0,001).

A) B)
4-6 9-11yr
i 15 @ M highGTR
) O Lllow GTR
O
O
E

05 S_fun 05
£ - X g
~— o]
3 &,
p o 2
> >
< <L

0.5 ® o 0.5

® O
N
o O
15 15
-1.0 0.0 1.0 2.0 1.0 0.0 1.0
Axis 1 (54%) Axis 1 (67%)

3. attéls. Keérpju sugu kopas uz priezu celmiem (viens punkts reprezente vienu audzi, jeb 4
celmus) jaunas un vecas (attiecigi 4-6 un 9-11 gadi pec mezizstrades) jaunaudz€s ar augstu
(14-25 koki/ha) un zemu (< 6 koki/ha) ekologisko koku saglabasanas (GTR) Iimeni (A).
Grafika vektors norada, ka celmu funkcionala platiba (t.i., celmu laukums, ko nesedz briofiti
— S _fun) ir saistita ar otro ordinacijas asi. Grafiks (B) ilustré kérpju sugu kopas atseviski uz
priezu celmu vertikalajam un horizontalajam virsmam (linijas savieno vienas audzes sugu

kopas uz celmu horizontalam un vertikalajam virsmam).



3.3.2. Kerpju funkcionalo 1pasibu izplatiba vietas pec meZizstrades

No lihenizétajam sugam funkcionalo 1pasibu analizes datu kopa ietvera tikai kérpju ar
zalalgu fotobiontu (t.i., nevienas sugas ar zilalg€m vai trentephlioidajam algém) un
domingjosas sugas ar laponiem, kuram bija peléka vai zalgani peleka krasa; lielaka dala
liheniz€to sugu saturja ar1 acetona SkistoSos keérpju sekundaros savienojumus. Celmu
apdzivojoso sugu datu kopa domingjosie vairoSanas veidi bija vegetativi. Sugas, kuras
izplatas dzimumvairoSanas veida, sporu pazimes nebija atSkirigas: lielakajai dalai bija
vien$iinas sporas un sugas ar hialina sporam domingja par sugam ar krasainam sporam,

biezak sastopamas sugas ar gludu virsmu un vidgja izméra sporam (10-20 p).

Pamatojoties uz divvirzienu ANOVA rezultatiem, sadalijums pazimju tipi “lapona
tips”, “lapona krasa” un “UV vielas” at$kiras starp jaunam (4-6 g.) un vecam (9-11 g.)
jaunaudzém ((F (2,42) = 9,921, p < 0,001, F (3,56) = 11,338, p < 0,001 un F (1,28) = 26,468,
p < 0,001 attiecigi)). Pamatojoties uz Tuckey’s HSD Post Hoc testu, veci celmi uzradija
lielaku vid€jo sugu daudzveidibu ar krevu un krimu laponiem (p<0,001; 4. A attéls), sugam
ar zalgani 11dz zalgani peleku un dzeltenigi zalu lapona krasu (p<0,01; 4.B attéli) un sugas ar

UV aizsargvielam (p < 0,001; 8.B attels Promocijas darba).
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4. attels. Dazadu laponu veidi (A) un laponu krasas (B) pazimju vid€ja sugu bagatiba (ar
standartkliidu) uz celmiem 4-6 un 9-11 gados. vietas peéc mezizstrades. Paraugkopas skat.

promocijas darba 3. tabula.

10



4. DISKUSIJA
4.1. Kérpju un tiem radniecigo sénu biota Latvija

Kopgjais Latvijas teritorija zinamo kérpju un tiem radniecigo sénu sugu skaits autora
(kop)pétijumu 6 gadu perioda (I-VII) palielinajas par 116 taksoniem. Latvija Sobrid kopgja
kérpju un tiem radniecigo sénu biota ir apmeéram 700 sugas. Lielaka dala no Latvijai jaunam
konstatétajam sugam ir epifitiskie un epiksilie kérpji — sugas, kas galvenokart saistitas ar
veciem meZa biotopiem. LidzSingjie pétijumi liecina ar1 par atseviSsku sugu grupu pétijumu
trikumu Latvija — piem. epiksilas kérpju sugas, uz kerpjiem parazit€josas sénu sugas,
saprobas kalicioidu sugas, epilitiskie k&rpji u.c. (II-V un VII publikacija). No nesen
registrétajam sugam vairakas kerpju sugas ir potenciali retas un, iesp&jams, apdraudétas.
Tadas sugas ka Chaenotheca laevigata, Cetrelia monachorum, Microcalicium ahlneri,
Parmelia submontana ir saistitas ar veciem meziem, kuru platibas visas Baltijas valstis
samazinas. Dermatocarpon miniatum un Pilophorus cereolus aug uz neskartiem
laukakmeniem un smil§akmens atsegumiem, kas ir reti biotopi Baltijas regiona. Visas augstak
minétas sugas Igaunija un Lietuva ir retas un tiek uzskatitas par apdraudétam (Lohmus et al.
2019; J. Motiejunaité pers. komentari). No otras puses, dazam no registrétajam k&rpju un
tiem radniecigdm s€nu sugam, piemeram, Leptorhaphis epidermidis, Ochrolechia
microstictoides, Pycnora sorophora, Clypeococcum hypocenomycis un Sarea difformis,

Latvija, iesp€&jams, ieprieks netika pieversta uzmaniba.

Lielako dalu no registrétajam sugam ievaca un/vai identific€ja vieslihenologi (II un V
darba Iidzautori), kas ir sagaidams, un tas parada, cik svariga ir arvalstu specialistu iesaiste ar
specifiskam zinaSanam par konkrétam kérpju grupam. Pieméram, ieprieks€jos gados Baltijas
valstis notikuSas lihenologiskas tikSanas ar lauku izbraukumiem (ekspedicijam) pulcé
profesionalus un amatierus, un tas butiski paaugstina zinaSanas par regiona biologisko
daudzveidibu (Motiejiinaité & Piterans 1998; Motiejunaité et al., 2006; Motiejunaité et al.
2012; IT; Suija et al. 2020; uc).

Manami palielingjas vispargjas zinasanas par vairaku aizsargdjamo un reto k&rpju
sugu izplatibu Latvijas teritorija. Piem&ram, aizsargajamo un reto k&rpju novérojumu skaits
dabas datu parvaldibas sistema “OZOLS” pieauga no 1052 ierakstiem 2015. gada lidz vairak
neka 4000 ierakstiem 2020. gada. Zinasanas par kérpju izplatibu Latvijas teritorija butiski
tika papildinatas atseviskam sugam: pieméram, no dazam Mycoblastus sanguinarius

atradném 2015. gada, [idz vairak neka 20; Thelotrema lepadinum no mazak neka 20 atradném
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lidz vairak neka 60 atradném 2020. gada. Tomér dazas retas k&rpju sugas, pieméram,
Bactrospora dryina, Chaenotheca cinerea, Parmeliella thriptophylla, Protopannaria

pezizoides, joprojam ir zinamas tikai no dazam atradném.

SalidzinoSi liels vispargjo zinasanu trikums par kérpju daudzveidibu Latvija
skaidrojams ar sistematisku kérpju un tiem radniecigo s€nu pétijumu trikumu un mazo
specialistu skaitu, kas varétu nodarboties ar k&rpju sugu noteikSanu valsti. K&rpju kolekciju
sistematisku reviziju trikums rada papildu zinaSanu trikumu par Latvijas k&rpju biotu.
Ieprieks sugu identifikacija Latvija ar TLC metodeém tika izmantota tikai dazos pétijumos.
Vairuma gadijumu, iznemot Mezaka u.c. 2012, TLC metodes tika izmantotas tikai atsevisku
kérpju sugu noteikSanai (pieméram, Czarnota & Kukwa 2010). Dazadas kérpju gintis un
grupas, kuras sugu noteikSana bez TLC metodém ir problematiska vai pat neiesp&jama,
Latvija peéc TLC netika parskatitas (piem&ram, Lepraria, Ochrolechia, Xanthoparmelia,

daudzas Cladonia gints sugas, sterili kérpji ar krevu laponi u.c.).

Cetrelia (VI) gints revizija bija pirma mérkrevizija, kura tika izmantotas TLC
metodes Latvija. Lidz §im Latvija bija zinamas tikai divas Cetrelia gints sugas - Cetrelia
olivetorum un C. cetrarioides (Abolina et al., 2015), savukart herbarija materiala revizijas
laika tika konstateta tre$a suga — C. monachorum. Lielakaja dala Ziemeleiropas valstu visas
Cetrelia gints sugas ir apdraud@tas un ieklautas aizsargajamo sugu sarakstos (VI). Lidz §im ar
Latvijas likumdoSanu stingri aizsarga tikai C. olivetorum un C. Cetrarioides ir ieklauta
Latvijas Sarkanaja gramata. Petijuma (VI) rezultati liecina, ka C. monachorum ir tikpat reta
ka C. cetrarioides s.str. un C. olivetorum s.str. Gaidamaja aizsargdjamo sugu sarakstu
aktualizacija, kura sugas tiks novertétas peéc IUCN kriterijiem, izvert€jumu ieteicams veikt
katrai sugai atseviski. Tiek ierosinats ieklaut C. olivetorum s.lat. ka vienu saglabasanas
vienibu ipadi aizsargajamo sugu saraksta. Sada pieeja palidzés vienkarSot Cetrelia sugu
aizsardzibas birokratisko procesu. Vienlaikus visas Cetrelia gints sugas reto sugu
monitoringa programmas biitu japievieno atseviski, jo tas var uzlabot izpratni par faktisko

situaciju ar katru sugu.

Neraugoties uz pedgjo gadu sniegumu vispargjas izzinasana par k&rpjiem un tiem
radniecigdm séné€m, kopgjais zindmo kerpju un tiem radniecigo s€nu sugu skaits joprojam ir
zemakais salidzinajuma ar paréjam Baltijas valstim (Motiejtinaité 2017, Randlane et al. 2019).
Pasreizgja situacija liecina par nepiecieSamibu kérpjus ieklaut meza ekosistemu visparéjas

sugu daudzveidibas monitoringa sist€mas. Tapat javeic sistematiskas k&rpju herbariju
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materiala revizijas, izmantojot jaunako literatiiru un adekvatas izp&tes metodes. Tik liels
darbu apjoms paredz sadarbibu ar citu valstu specialistiem, kuri parzina konkrétas k&rpju un

tiem radniecigo sénu grupas.

4.2. Kérpji prieZzu jaunaudzes

Dazadi mezaudzes un substrata méroga faktori, pieméram, atmirusas koksnes apjoms,
ekologisko koku saglabasanas limenis un substratu daudzveidiba, iectekmé epiksilo kérpju
sugu kopas, sugu daudzveidibu jaunaudzeés (pieméram, Blasy & Ellis 2014, Ranius et al.
2014, Hamélainen et al. 2015, Hiron et al. 2017). Neskatoties uz to, ir maz p&tjjumu, kas ir
veltiti meza apsaimniekoSanas darbibu izpétei, kas veido epiksilo k&rpju, sugu kopas, un

sugu daudzveidibu uz dazadiem substratiem sausas borealas jaunaudzes hemiboreala regiona.

Sausienu tipa borealas jaunaudzes (I) kopa konstatetas 54 k&rpju un neliheniz&tu sénu
sugas. Vairums no pétitajas vietas konstatéto sugu ir hemiborealaja regiona skujkoku mezu
fona kérpju sugas. Lidziga meZa fona sugu sastopamiba uz atmirusas koksnes struktiram tika
novérota ar1 p&tijumos, ko citas valstis un regionos veica Daniéls (1983), Fattynowicz (1986),
Spribille et al. (2008), Haméildinen et al. (2015), Hiron et al. (2017). Turklat apméram divas
tresdalas no registrétajam sugam pétijuma (I) ir kerpji, kas var biit sastopami arf uz citiem
substratiem un var apdzivot citu biotopu veidus. Tika secinats, ka piecas no konstatétajam
sugam apdzivo tikai atmiruSu koksni (pieméram, Calicium glaucellum, C. trabinellum,
Cladonia parasitica, Cladonia stellaris un Mycocalicium subtile). No tam C. stellaris ir
pazistama, ka izplatita epigeiska suga, kas reti sastopama arT uz sapuvusas koksnes un mizas
(Motiejunaite 2020). Taja pasa laika, ir zinams, ka iepriek§ minétas kalicioidu sugas ir
obligati epiksilas kérpju sugas (Lohmus & Lohmus 2011; (1. pielikums) Spribille et al. 2008)
un ir vairak saistitas ar v€linam sukcesijas mezu ekosisttmam, un C. trabinellum tiek
uzskatita par kerpju biocentru indikatorsugu Lietuva (Motiejunaité et al. 2004). Cladonia
parasitica ir Latvija aizsargajama sugas (lidzigi ka Igaunija un Lietuva), un to parasti asocié
ar horizontali izvietotu atmiruso koksni (kritalas, celmu horizontala virsma utt.) dabiskas
priezu mezaudzes. Petijuma (I) C. parasitica tika konstatéta uz horizontalas celmu virsmas,

tikai vecas (9-11 gadi pec mezizstrades) audzes.

4.2.1. Kerpju kopas uz celmiem, un celmu ka kérpju dzivotnes nozime

Ir zinams, ka celmi ir k@rpjiem bagatas atmirusas koksnes struktiiras, uz kuram ir

atrodams 11dz pusei no kopg€jas atmirusas koksnes kérpju biotas, dabiskas un saimnieciskajas
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borealo mezu ekosistemas (Fattynowicz 1986; Spribille et al. 2008; Himéléinen et al. 2015;
Svenson e t al. 2016; Hiron et al. 2017; Ranius et al. 2019). Tomér visos augstakmingtajos
pétijumos, tika izmantotas dazadas datu ievakSanas metodes, kas apgritina kérpju sugu
gaudzveidibas salidzinasanu uz celmiem starp pétifjumiem. Faltynowicz (1986) zino par 39
kérpju sugam, kas registrétas uz celmiem Polija, Hamaéldinen et al. (2015) — 95 sugas uz
priezu celmiem Somija, Hiron et al. (2017) konstatéja 32 kérpju sugas uz priezu, eglu un
bérzu celmiem Zviedrijas borealajos mezos, Blassy un Ellis (2014) zinoja par 46 kérpju
sugam uz priezu celmiem Skotijas ziemelaustrumos. P&tfjuma, ko veica Spribille et al. (2008)
autori fokus€jas uz obligati epiksilajam kérpju sugam plasa geografiska apgabala un zinoja
par 53 obligati epiksilajam kérpju sugam uz celmiem. Latvijas gadijuma (I pétijjums) tika
konstatétas 48 uz priezu celmiem sastopamas kerpju sugas. Tomér, neskatoties uz datu
ievakSanas metozu atSkiribam un izpétes vietu geografiska izvietojuma at$kiribam, visos
iepriekSmingtajos petijumos un Latvija autori secina, ka celmi ir viena no k&rpju sugam

bagatakajam atmirusas koksnes struktiiram borealajos mezos gan jaunos, gan vecos mezos.

Petijuma (I) rezultati Iidzigi ka Héméldinen et al. (2015), Ranius et al. (2019)
Fennoskandija un Faltynowicz (1986) Polija paradija, ka priezu celmi ir ke€rpju sugam bagats
substrats pat agrina sukcesijas stadija. Fattynowicz (1986) konstatgja, ka lielaka dala kérpju
sugu uz agrinas sukcesijas stadijas (1-5 gadu p€c nocirSanas) celmiem ir epifiti, kas aug uz
atlikusas priedes mizas, kas vel nav atdalijusies no koksnes. Faltynowicz (1986) pienéma, ka
kérpju kolonizacija celmu griezuma (horizontalaja) virsma notiek intensivi 6-10 gadus péc
mezizstrades un kérpju daudzveidibas maksimums uz celmiem ir 11-16 gadi péc
mezisztrades. Faltynowicz (1986), Humprey et al. (2002), Kruys et al. (1999) un Caruso &
Rudolphi (2009) paradija, ka k&rpju sugu daudzveidiba uz skujkoku atmirusas koksnes médz
sasniegt maksimumu vid€jas un vélinas sadaliSanas stadijas. Petijuma (I) rezultati apstiprina
iepriek§ minéto pétjjumu secindjumus, paradot, ka uz celmu horizontalas virsmas (griezuma
vieta) sugu bagatiba 9-11 gadus vecas jaunaudzg€s ir gandriz divas reizes augstaka neka 4-6
gadus vecas audzes. Petijuma (I) tika pieradits, ka 4-6 gadus vecus celmus var apdzivot lidz
pat 18 kérpju sugas, un lielaka dala no tam ir epifitiskas sugas, kas sastopamas uz atlikusas
mizas. Piecos gados (9-11 gadus veci celmi) sugu daudzveidiba uz celmiem var gandriz
dubultoties, un salidzinot ar 4-6 gadus veciem celmiem, lielaka dala sugu ir sastopamas uz
mirusas koksnes, jo miza jau ir atdalijusies, un sadaliSanas stadiju daudzveidiba uz viena

celma ir augsta. Sie rezultati liecina par salidzinosi strauju kérpju kolonizacijas atrumu.
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Pirmas desmitgades laika celmi kalpo ka vertiga struktiira ké€rpju daudzveidibas saglabasanai

jaunaudzes.

P&tijuma (I) rezultati pirmo reizi paradija kerpju sugu kopu atskiribu uz vertikalam un
horizontalam celmu virsmam. Lidz §im tikai viena pétjjuma tika pétita jaunaudzu un
ekologisko koku saglabasanas prakses ictekme epiksilo k&rpju kopas sausos borealos mezos
(Hamaéldinen et al. 2015). Salidzinot ar Haméldinen et al. (2015), petijuma (I) konstatéts
mazaks sugu skaits uz celmiem, kas skaidrojams ar geografisko un klimatisko apstaklu
atSkiribam, ka ar1 kérpju sugu daudzveidibas un kopu atSkirtbam borealas un hemiboralas
vegetacijas zonas. Nesen Sadas regionalas atSkiribas kérpju kopas uz dazadam koksnes

struktiram paradija Lohmus et al. (2018), pecugunsgreka vietas.

Ka bija sagaidams, sugu kopas uz jauniem (4-6 g. veciem) un veciem (9-11 g. veciem)
celmiem bitiski atSkiras. So paradibu var izskaidrot ar to, ka liels epifitisku sugu Tpatsvars uz
jauniem celmiem un veciem celmiem tiek koloniz&ts ar obligatam un fakultativam epiksilam
sugam, l1dzigi ka to novéroja Faltynowicz (1986). Kérpju sugu kopu samera straujas izmainas
varétu but izskaidrojamas ar epiksilo sugu evolucionaro pielagoSanos strauji kolonizéet
dabisko traucgjumu vietas (piem., v&jgazes), kas varétu biit lidzigas mezizstrades procesam.
Piem&ram, evolucionara sugu kopu koncepcija liecina (species pool concept), ka lielaka dala
sugu ir dabiski pielagotas biezak sastopamiem biotopiem (Taylor et al. 1990). Tomér
nesenais pétijums, ko veica Ranius et al. (2019) paradija, ka evolucionara sugu kopu
koncepcija neizskaidro sugu (tostarp kérpju) sastopamibas modelus uz dazadiem koksnes
substratiem Zviedrija. Neskatoties uz to, katra biotopa izp€tei ir nepiecieSams vairak
empirisku pétfjumu, lai saprastu, ka biitu jaatdarina dabiskie traucgumi, lai veicinatu

biologiskas daudzveidibas uzturésanu saimnieciskajos mezos.

Petijuma (I) rezultati paradija, ka briofitu segums uz celmiem laika gaita palielinas,
ietekmétjot kerpju kopu formésanos. Sads modelis potenciali var izraisit pieejamas atmirusas
koksnes laukuma samazinaSanos uz celmiem otras desmitgades cirsmas/ vai izcirtuma vietas.
So problemu potenciali varétu atrisinat, palielinot celmu vidgjo augstumu, samazinot briofitu
kolonizacijas atrumu un palielinot pieejamo atmirusas koksnes platibu (funkcionalo platibu,
ko nesedz briofiti) uz celmiem, mezizstrades vietas. Lidzigus uzlabojumus borealo mezu

apsaimnieko$ana ierosindja ar1 Blasy & Ellis (2014).

Ir pieradits, ka celmu novakSana (izrausana), ko parasti praktizé Fennoskandija

(Zviedrija un Somija), negativi ietekm& koksné mitoSo ke€rpju daudzveidibu cirsmas
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(Hadmaéldinen et al. 2015; Persson & Egnell 2018). Pagaidam Latvija celmu novakSana netiek
1pasi praktiz€ta, un celmu ieguves ietekme uz biodaudzveidibu joprojam tiek pétita (Lazdins
et al. 2009; Libiete et al. 2019). Petijums (I) noradija, ka izp&tes vietas, ir ievérojami mazs
kritalu un sausoknu skaits un apjoms, celmi var biit nozimigakais atmiru$as koksnes substrats
kérpjiem pirmajas desmitgad@s pec mezizstrades Latvija. Turpmakiem pétijumiem ieteicams
pieversties epiksilo kérpju kopu izpétei 30-40 gadus vecas audzes, jo $aja perioda parasti tiek
veiktas pirmas meza apsaimniekoSanas darbibas, pieméram, retinaSana. Apméram taja pasa
laika kadreiz saglabatas atmirusas koksnes struktiiras (ieskaitot celmus), visticamak, ir pilniba
sadalfjusas vai aizaugusas ar briofitiem/vaskularajiem augiem. Sada gadijuma vid&ja vecuma
audzé€m var biit pat mazaks pieejamo atmiruso koksnes substratu daudzums kérpjiem neka ir

jaunaudzes pirmajas divas dekades.

4.2.2. Kerpju funkcionalas pazimes uz celmiem

Petfjumi, kuros tiek pétita kérpju funkcionala daudzveidiba jaunos/apsaimniekotajos
mezos (piem., mikroklimatisko apstaklu mainigums meza strukttira, sugu funkcionalo iezimju
mainigums utt.), paradijas salidzinosi nesen. Biacklund (2016) Zviedrija, Benitez et al. (2018)
tropu kalnu meZos Ekvadoras dienvidos, un Mali¢ek et al. (2019) Cehijas Republika paradija,
ka kérpju funkcionalo pasibu analize var veicinat dzilaku izpratni par procesiem, kas
kontrole sugu izplatibu apsaimniekotajas meza ekosist€émas. Tomeér joprojam trikst petijumu,
kuros tiek analizétas kérpju funkcionalo pazimju grupu izmainas sausos borealos mezos.
Bécklund (2016) veiktaja p&tijuma autori pamata piever§ uzmanibu sveszemju forofitiem, kas
padara rezultatu salidzinaSanu ar (I) p€tjjumu par problematisku. Saskana ar Friedl un Biidel
(2008) zalalges saturoSie kerpji ir visizplatitakie. P&tijuma (I) rezultati ari paradija, ka lieclaka
dala registréto celmos mitoSo kérpju bija zalalges saturoSie kérpji vai nelihenizétas sénes.
Zalalges saturoSu parsvaru jaunaudz@s apstiprina Stofer et al. (2006) p&tijums, kas tika veikts
galvenajos Eiropas biogeografiskajos regionos (ieskaitot borealo Somiju), un paradija, ka
zalalges saturoSu kerpju Tpatsvars palielinas lidz ar zemes izmantoSanas intensitati.
Neskatoties uz to, ir javeic pétijumus paraugusos un dabiskos mezos, lai iegiitu dzilaku

izpratni par mezizstrades darbibu ietekmi uz k&rpju fotobiontu sastava izmainam audzes.

Pétijuma (I) celmu datu kopa ir vairak k&rpju sugu ar vegetativas un jauktas
vairo$anas stratégiju, neka sugu kuram ir tipiska dzimumvairosanas. Lielaks sugu ipatsvars ar
bezdzimumvairoSanos apsaimniekotajos meZzos, nevis pirmatngjos mezos ieprieks tika

novérots Kina un Cehija (Li et al. 2013; Mali¢ek et al. 2019). Taja pasa laika citu p&tijumu
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rezultati, ko veica Stofer et al. (2006) un Lundstrém et al. (2013) parada pilnigi pretgju
modeli. Béssler et al. (2016) atklaja, ka bezdzimumvairo$anas reproduktivo reZimu veicina
zemas temperatiiras. Visi minétie pétijjumi tika veikti dazados meza ekosisteému tipos arpus
hemiboreala regiona. Sadas atskiribas varétu izskaidrot ar dazadu pétijumu metadologiju un

izpetes objektiem.

Lielaka dala kérpju askosporu ir mazas, aptuveni 1-30 pm, kas var&tu biit saistitas ar
substrata kolonizacijas stratégiju un izplatiSanos liclos attalumos (Hansson et al. 1992).
Paredzams, ka lielam askusporam, lidzigi vegetativo propagulu izplatiSanas modeliem,
pamata izplatas 1saka attdluma, kas padara lielas askusporas drizak piemérotas populaciju
izplatigai vietas/dzivotnes Itmeni, nevis sugas izplatibai lielaka attaluma (Hansson et al.
1992). Askusporas anatomiskas un fiziskas 1pasibas, piem&ram, sporu lielums, krasa un $tinu
skaits utt., - ir pazimes, kas var ietekm€&t meza mitoSo kérpju izplatiSanas spgjas, 1pasi tados
ekstremalos apstaklos ka cirsmas un jaunaudzes. Pamatojoties uz pétijuma (I) datu kopu,
sugas, kas apdzivo celmus (gan jaunus, gan vecus), vairuma gadijjumu veido nelielas vai
vid€ja izméra, hialinas, viensiinu sporas bez ornamentacijas. Sugas ar lielam sporam uz
pétitajiem celmiem ir arkartigi reti sastopamas, kas neatbilst Hansson et al. (1992) modelim.
Taja pasa laika, Pentecost (1981) pétijuma, ko veica Lielbritanja, secinaja, ka sugas, kas
veido vienStnu vid€ja izm@ra sporas ir visbiezak sastopamas uz atmiru$sam koksnes
substratiem. Pentecost (1981) noradija uz iepriek§ minéto sporu iezimju ekologisko nozimi
islaicigu substratu (piemé&ram, atmirusas koksnes) kolonizacija. Tikai atseviSskam sugam, kas
tika atrastas pétijumu (I) vietas (gan jaunas, gan vecas) ir tumsas sporas (kalicioidiem un
Physcia gints sugam), un nevienai no konstatétajam sugam nav tadu kombinaciju ka
daudzstinu tumsas sporas. Uz veciem ( 9-11 g.) celmiem var konstatét vairak sugu ar
unikalam sporu un apotéciju iezimém (galvenokart kalicioidiem), piem&ram, stavosi apoteciji
ar kajinu, kuros attistas tumSas ornament€tas sporas. Vairakas vairoSanas pazimes pétitajas
sugas vispar nebija parstavetas (piem&ram, periteciji vai piknidijas). Tapat netika atrastas
sugas ar daudzStnu (>divsiinu) sporam. Mazo bezkrasaino sporu sastopamibu, iesp&jams, var
izskaidrot ar to ka, sugam ar $ada veida sporam ir tendence izplatities lielos attalumos.
Neskatoties uz to, lielaka dala uz celmiem sastopamu k&rpju sugas apdzivo celmu mizu, kas

apgriitina sporu pazimju analizi un rezultatu interpretaciju.

Keérpju laponu augsgjas virsmas krasu galvenokart nosaka keérpju sekundaro
metabolitu veids un fotobionta veids un/vai kortikalo hifu Stnu pigmenti (piemé&ram,

melanins). (Butler & Day 1998; Elix & Stocker-Worgdtter 2008; Brodo et al. 2001). Taja
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pasa laika daudzi kérpju sekundarie metaboliti un pigmenti var darboties ka UV filtri
(Nguyen et al. 2013). Kershaw (1975) veiktie petijumi liecina, ka lapona krasa, maina lapona
iek§€jo un lapona virsmas temperatiru. Turklat tika konstatéts, ka gai$as lapona formas ir
vairak parstavétas meza biotopos ar augstu gaismas intensitati (Robinson et al. 1989),
savukart meza lapotnes k&rpju kopas var biezak konstatét melaninu saturosas tumsas laponu
formas (pieméram, Bryoria), vai usninskabi saturoSas sugas, pieméram, Usnea un Alectoria
ginsu sugas (Fiarber et al. 2014). Pétjjuma (I) rezultati liecina, ka gandriz % no registrétajam
sugam uz celmiem petitajas jaunaudzes satur vielas, kas var kalpot ka UV filtri. Ir zinams, ka
dabiskie sausie borealie mezi ir viens no visvairak saulei paklautajiem meza veidiem
hemiborealaja regiona. Tomér, gaismas intensitate jaunos atjaunotajos mezos, it ipasi pirmaja
dekadg, ir pat augstaka neka vid€ja vecuma audzes vai vecas meza ekosisteémas. Robinsons et
al. (1989) ierosinaja, ka gaisas krasas kerpju laponu Ipatsvara pieaugums gaismas intensitates
gradienta ir paredzams modelis. P&ttjuma (I) celmu datu kopas analize apstiprina hipotézi, ka
gaisas krasas kérpji ir biezak sastopami labi apgaismotos, nevis tumsos apstaklos. Papildus
tam, ir acimredzams, ka lielaka dala no epifitiskam sugam, kas konstat€tas uz celmiem
pétijuma (I), ir tas sugas, kuras izdzivoja péc trauc&juma (meZa izcirSanas). Sads rezultats
lauj pielaut, ka pret UV starojumu aizsargajoso vielu klatbiitne vai to neesamiba, un laponu
krasa (ko daudzos gadijumos nosaka k&rpju vielas) darbojas ka vienas no galvenajam
iezimém, kas ir saistita ar sugu populaciju izdzivoSanas/izmirSanas dinamiku trauc&jumu

apstaklos, vismaz Tstermina perspektiva.

Tika konstatéts, ka uz 9-11 g. veciem celmiem krevu kérpju un krimu kerpju
patsvars (p&d&jo grupu galvenokart parstav Cladonia gints sugas) bija augstaks neka sugam
ar lapveida un zvinveida laponi, un to proporcija dubultojas uz veciem celmiem, salidzinot ar
jauniem celmiem. Faltynowicz (1986), Caruso et al. (2010), Haméildinen et al. (2015; 2021)
Caruso et al. (2010), petijumu rezultati uzradija lidzigu Cladonia tipa laponu Ipatsvara strauju
pieagumu uz celmiem pirmaja desmitgadg. Turklat Fattynowicz (1986) un Caruso et al. (2010)
veiktajos pétijumos uzsvars bija arl celmiem vecakas sukcesijas stadijas, un abos gadijumos
tika noverota krevu kérpju sugu aizstasana ar sugam, kuram ir citu laponu veidi. Abos
iepriek§ min&tajos darbos autori secina, ka otras dekades beigas péc mezizstrades lielako dalu

celmu virsmas klaj briofiti un ta nefunkcioné ka keérpjiem pieme&rots substrats.
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4.2.3. Kerpji uz sikas koksnes strukturam(FWD)

Fennoskandija biezi tiek praktiz€ta celmu un sikas koksnes (FWD) ieguve
biodegvielas raZoSanai. Baltijas valstis FWD ieguve ir daudz izplatitaka neka celmu ieguve.
Turklat Baltijas valstis ir starp lielakajiem kokskaidu granulu razotajiem Eiropa, un FWD tiek
izmantota ka kokskaidu granulu izejviela. FWD (tostarp tehnologiska koksnes) ieguves
iesp&jama ietekme uz kérpju daudzveidibu ir novértéta ka merena vidusborealaja regiona
audzes, kur dominé eglé (Caruso et al. (2008), Svensson et al. (2013), ka ar1 priezu
domingjosas audzes (Hdmaildinen et al. (2015). Hidmaildinen et al. (2015) konstat€ja 69 kérpju
sugas uz FWD priezu jaunaudzgs, savukart (I) p&tijuma tika konstatétas 43 sugas (apméram
90% sugu, kas tikas petamajas audzes konstatétas uz celmiem). Abos pieminétajos petijumos
liclaka dala registréto kérpju ir bieZi sastopamas hemiborealo un borealo mezu epifiti. Lidzigi
ka uz celmiem, laika gaita kérpju kopas uz FWD arf mainijas. So rezultatu nevar uzskatit par
actimredzamu, ka norada Caruso et al. (2008) un Hdmaldinen et al. (2015) gulosa sika koksne
ir mazak specifisks, un sugadm bagats kérpju mikrobiotops, un uz tas galvenokart atrodamas
fona sugas, kas ir izturigas pret vides izmainam un/vai kuram ir labas pielagosanas spgjas.
P&tijuma (I) gadijuma piecas sugas uzradija afinitati pret FWD, no kuram Platismatia glauca
un Bryoria fuscescens parasti ir saistiti ar kérpju kopam, kas sastopamas uz koku stumbriem
un zariem borealos mezos, un Sarea resinae, kas parasti sastopama uz Picea abies svekiem.
Hiron et al. (2017) pétijuma autori noverteja sikas koknes un celmu ieguves ietekmi ainavas
meroga un atklaja, ka vaboles un s€nes vairak ietekmé&ja celmu ieguve, bet ke&rpju
daudzveidibu vairak ietekmé&ja sikas koksnes (tai skaita tehnologiskas koksnes) ieguve.
Némot véra empirisko datu trikumu par sikas koksnes (tai skaita tehnologiko koksni) Latvija,
ka ari citas Baltijas valstis ir nepiecieSams veikt liela méroga pétijums par FWD ieguves

ietekmi uz kérpju daudzveidibu ainavas méroga.

4.2.4. MezZa apsaimniekoSana un kérpji

Lai gan (I) petijuma celmu paraugkopas lielums bija saméra neliels, tika iegiti [1dzigi
rezultati ka Hamdldinen et al. (2015), t.i., augstaks ekologisko koku atstaSanas limenis
veicina lielaku sugu daudzveidibu uz celmiem jaunaudzes. Si paradiba tiek izskaidrojama ar
to, ka epifitiskas kerpju sugas, kas apdzivo ekologiskos kokus veicina straujaku atmiruSans
koksnes struktiru kolonizaciju (Hé&dmaildinen et al. (2015). Kopuma (I) p@tijuma rezultats
liecina, ka pirmas desmitgades laika jaunaudzes ekologisko koku atstasanas limena ietekme

uz atmirusas koksnes substratiem mitoSu kérpju sugu daudzveidibu ir samazinajusies, tacu,
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nemot veéra pétijuma (I) paraugkopas lielumu, §is hipot€zes parbaudei ir nepiecieSams lielaka

meéroga petjjums.

Petijuma (I) rezultati paradija, ka atmirus$as koksnes struktiiras jaunaudz€s var
apdzivot ieveérojams k&rpju un tiem radniecigo s€nu sugu skaits pirmaja desmitgad@ péc
mezizstrades. Taja pasa laika tika noverots mirusas koksnes struktiiru (kritalu un sausoknu)
trikums pétitajas jaunaudz€s, salidzinot ar to skaitu, ko definé likumdosana. Lai gan
sausoknu skaits bija ievérojami mazs, uz tiem ir konstatéta sugu daudzveidiba bija augsta un
atseviSku sugu sastopamibas biezums bija pat lielaks neka uz celmiem (pieméram, kalicioidi).
Tas norada uz sausokniem, ka vertiga biotopa nozimi epiksilajiem keérpjiem jaunaudzes (sk.
arT Runnel et al. 2013, Santaniello et al. 2017), jo celmi, iesp&jams, nevar aizstat to biotopu
spektru, ko nodro$ina stavosa atmirust koksne (pieméram: kelo koksne, sausa koksne virs 2m
no zemes utt.) (Himéldinen et al. 2021). Kritalu un jo 1pasi sausoknu trilkums p&tamajos
jaunaudzu priezu mezos ir izskaidrojams ar vietg§jam tradicijam un likumdoSanas
parkapumiem — atmirusas koksnes izmantoSanu malka, maju apkurei un nelikumigu malkas
ieguvi jaunaudzes (par $adam viet§jam "tradicijam” un likumdoSanas parkapumiem tiek
zinots ar1 Igaunija, sk. Lohmus et al. 2013). Tiek pielauta arT iesp&jama vietjo (Latvijas)
likumu neievéroSana no mezizstrades uzn€émumu puses, un/vai atbildigo vides institiiciju

nepietiekamam parbaudém.

Nemot véra nelielo pétijuma (I) paraugkopu, visparigus apsaimniekoSanas ieteikumus
nevar dro$i ierosinat. Neskatoties uz to, tiek rekomendéts nakotné veikt pétijumus par FWD
un celmu ieguves ietekmi uz kérpju biologisko daudzveidibu ainavas méroga. Veiktais
petijums (I) norada, ka priezu celmu ieguve var palielinat negativo ietekmi uz k&rpju
daudzveidibu, jo celmu “pastavesanas laiks” ir daudz ilgaks nekda FWD, un priezu celmus var
apdzivot ar1 retas un aizsargdjamas sugas, pieméram, Cladonia parasitica. Saskana ar
pétijuma (I) rezultatiem ekologisko koku saglabasanas Iimenis ietekm@ k&rpju sugu bagatibu
uz celmiem. Taja pasa laika ir janem véra to, ka pétfjuma paraugkopas lielums bija
salidzino$i mazs, tapéc ekologisko koku saglabasanas limena ietekme uz epiksilam sugam ir

japeta detalizetak, tai skaita audz@s ar grupu un izkliedétu ekologisko koku saglabasanu.

Lai iev@rotu ilgtsp&jigas mezsaimniecibas sertifikacijas standartus (FSC, PEFC), meza
apsaimniekoSanas uznémumiem tiek atlauts saglabat “augstos celmus” (dzivus kokus, kas
nozagéi 2-4 m augstuma no zemes), lai veicinatu atmiruSas koksnes apjomus cirsmas. Ir

zinams, ka sadam struktiiram ir salidzinosi augsta vertiba saproksilo vabolu daudzveidibas
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uzturéSanai (Abrahamsson & Lindbladh 2006). P&tijumos, ko veica Hdmaildinen et al. (2021),
autori pierada, ka 3-5 m augstu “celmu” veidoSanai nocirSanas vietas ir mérena veértiba kérpju
daudzveidibai pirmajos 20 gados pé€c mezizstrades. Autori norada, ka Sadu izveidotu
struktiiru ilgtermina ietekmi uz k&rpjiem vél ir jap&ta. Lidz ar to butu sikak jaizp&ta augsto
celmu patiesa ilgtermina nozime kérpju daudzveidibas uztruréSanai jaunaudzes, akcent&jot
eksperimentalos pétijumus ar celmu augstumu gan jaunaudzEs, gan ari vid€ja vecuma
saimnieciskajos mezos. Blasy & Ellis (2014) piedavatie pasakumi — dazada augstuma celmu
atstaSanas ietekme uz k€rpjiem joprojam nav pétita. Lidz ar to ka alternativu “augstiem
celmiem” var veidot ap 1 — 1,5 m augstu celmu saglabasanu kopa ar “normala augstuma”
celmiem. Sadas aktivitates varétu apvienot ari ar ekologisko koku grupu saglabasanu, kas,
iesp€jams, mazinatu problémas, kas saistitas ar turpmakajam meza apsaimniekoSanas
darbibam (piem., meza tehnikas tehnologisko koridoru planosana un veidoSana, augsnes
sagatavoSana stadu stadiSanai u.c.). Detalizétak japeta art atmirusas koksnes saglabaSanas
ietekme uz kérpju daudzveidibu vid€ja vecuma borealas audzes, laika perioda kad Sadas

audzes tiek planota mezu apsaimniekosana, pieméram audzes retinasana.
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SECINAJUMI UN KOPSAVILKUMS

Promocijas darba rezultati paradija, ka vispargjas zinasanas par k&rpju un tiem
radniecigo s€nu biotu Latvija bija ierobezotas, jo p&d€jos gados veiktie p&tijumi
papildin3ja zinasanas par 116 taksoniem, kas 1idz §im Latvijas teritorija nebija zinami.
Turklat Cetrelia gints revizija paradija, cik svarigas ir regularas kérpju herbarijas
materialu revizijas, izmantojot piemérotas sugu noteikSanas metodes. Tuvakaja laika
ir sagaidama Latvija Iidz $im nezinamu k&rpju un tiem radniecigo sénu sugu
registréSana, jo kop€jais zinamo sugu skaits valsti, joprojam ir zemakais starp
kaiminvalstim, ka arT Ziemeleiropas valstim, un lielam k&rpju grupu skaitam vél
nepiecie$ams veikt revizijas. So iemeslu d&l, kérpju ka organismu grupas integracija
Latvijas biologiskas daudzveidibas monitoringa programmas/sistémas ir loti svariga,
jo daudzas no jaunam registrétam sugam ir retas un apdraud@tas citas Baltijas valstis
un Ziemeleiropa. Pieminétie fakti rada papildu Saubas par realam zinaSanam par
kérpju biologiskas daudzveidibas faktisko stavokli, un tas iesp&amiem

apdraud&jumiem Latvija.

P&tijuma tika konstatets, ka pirmaja desmitgade p&c mezizstrades ke&rpju biota var bt
salidzino$i daudzveidiga pat pie nosacijuma, ka veiktaja p&tijuma ir apskatita tikai
vienas koku sugas (parastas priedes) mirusi koksne noteiktos apstaklos (m&traju mezi),
un paraugkopa bija saméra neliela. Augstaks ekologisko koku saglabasanas Iimenis
(30-40 m3/ha) ka kérpju daudzveidibas saglabasanas pasakums jaunaudzes uzradija
pozitivu ietekmi uz k&rpju sugu daudzveidibu uz celmiem pirmajos gados péc
traucgjuma (mezizstrades). Kopg&jais zemais dabisko atmiruso koksnes struktiiru
(pieméram, kritalu un sausoknu) daudzums, kas novérots lielakaja dala izpétes vietu,
var samazinat ekologisko koku saglabasanas pozitivo ietekmi. Turklat zemais FWD
daudzums un taja pasa laika salidzinos$i liela k&rpju sugu daudzveidiba uz sikas
koksnes struktiiram liecina, ka FWD ieguves ietekme turpmakajos petijumos ir
jaizverte detalizétak. Misu pétijuma celmi bija viens no k&rpju sugam bagatakajiem
substratiem. Konstatéts, ka k€rpju sugu daudzveidiba uz celmiem var gandriz
dubultoties aptuveni 5 gadu laika. Celmu kérpju kopas bija atskirigas starp jauniem

(4-5 g.) un veciem (9-11 g.) celmiem, ka arT atSkiras starp viena vecuma vietam ar
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atskirigu ekologisko koku saglabaSanas limeni. Tas lauj domat, ka ekologisko koku

saglabasanas limenis var ietekmét k&rpju kopu veidoSanos jaunaudzes.

Petijuma tika konstatets, ka kérpju kopas uz jauniem celmiem, ko veido kerpji ar
dazada veida laponiem, laika gaitd mainas, uz veciem celmiem arvien vairak parstavot
sugas ar krevu un kriimu laponiem. Tapat gan jaunos, gan vecos celmu kérpju kopas
parstav sugas, kas izplatas ar vegetativas vairo$anas, vai gan vegetativas vairo$anas,
gan askosporu palidzibu. No liheniz€tajam sugam datu kopa bija tikai zalalges
saturoSie k&rpji. Turklat vismaz % no uz celmiem registrétajam sugam pétitajas
jaunaudz@s satur acetona SkistoSas UV aizsargajosas vielas, un lielakajai dalai
registréto sugu ir gaiSa lapona krasa, kas skaidrojams ar noteiktu pazimju atlasi loti
mainigos vides apstaklos jaunaudzges. Ilgtermina p&tjjumi ir rekomend&ti, kuru merkis

ir izvertet meza apsaimniekosanas realo ietekmi uz kérpju daudzveidibu.
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