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Abstract
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Lichens occur in various habitats. They often have narrow niches and are sensitive to
environmental changes leading to their use as bioindicators of environmental disturbances and
conditions; air and heavy metal pollution, agricultural toxins, assessing forest continuity and
drought tolerance. Lichenological studies in Africa, particularly in Tanzania, have been scarce,
and those available have been mainly based on morphology and chemistry data. The aim of
my doctorate was to investigate lichens, in particular Usnea and calicioid lichens in mountain
rain forests in Tanzania, using both traditional and molecular approaches.

Paper I and II explored Usnea subgenus Eumitria. In paper I, molecular, morphological
and chemical methods were utilized. A phylogeny of Eumitria from Tanzania based on a
four-markers data set supported monophyly of Eumitria, where sixty-two new sequences were
reported. In paper II additional specimens of the Usnea pectinata aggregate from Tanzania
and Sao Tomé and Principe were studied, and forty-two specimens were examined by an
integrative approach (molecular, morphological, chemical data). The U. pectinata aggregate
was monophyletic, containing several subclades, some characterized morphologically and
chemically.

Paper III and IV focused on calicioids. Paper III summed up earlier information
on Tanzanian calicioids along with new discoveries (twenty-six species), with notes on
their habitats and distributions. Chaenothecopsis kilimanjaroensis was described as new,
Chaenotheca hispidula and Pyrgillus cambodiensis new to Africa: Calicium lenticulare and
Chaenothecopsis debilis new to Tanzania. In paper IV, Coniocybe was revised and emended
to include along with its type C. furfuracea, also C. brachypoda and C. confusa. A three marker
phylogeny was used to infer its phylogenetic position and Coniocybe eufuracea was described
as new.

This thesis contributes to the knowledge of the lichens in Tanzania and Africa at large by
building capacity in lichenology and its applications for future research. It provided integrated
data for Usnea species from Africa, adding to the knowledge of this difficult group (only two
sequences of Usnea from Africa have previously been published). It provided new information
on calicioid lichens in Tanzania and by uncovering a rich diversity in both of the groups studied
provided a foundation for further investigations of lichen biodiversity.

Keywords: Lichens, Usnea, calicioids, molecular phylogeny, secondary chemistry,
morphotypes

Stella Gilbert Temu, Department of Organismal Biology, Systematic Biology, Norbyv. 18 D,
Uppsala University, SE-75236 Uppsala, Sweden.

© Stella Gilbert Temu 2020

ISSN 1651-6214
ISBN 978-91-513-1043-5
urn:nbn:se:uu:diva-422950 (http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-422950)


http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-422950

To my father



Cover: Usnea baileyi (Stirt.) Zahlbr., photo by Phillipe Clerc; Coniocybe eufu-
racea Temu & Tibell sp. nov., photo by George Hillman; edited by Polycarp
Laurent.



List of Papers

This thesis is based on the following papers, which are referred to in the text
by their Roman numerals.

I. Temu, S.G., Clerc, P., Tibell, L., Tibuhwa, D.D., Tibell, S. (2019).
Phylogeny of the Subgenus Eumitria in Tanzania. Mycology 10: 250—
260.
https://doi.org/10.1080/21501203.2019.1635217.

II. Temu, S.G., Clerc, P., Nadel R.A.M., Tibell, L., Tibuhwa, D.D.,
Tibell, S. The Usnea pectinata aggregate, Molecular, Morphological
and Chemical Variation. Manuscript.

II. Temu, S.G., Tibell, S., Tibuhwa, D.D., Tibell, L. (2019). Crustose
Calicioid Lichens and Fungi in Mountain Cloud Forests of Tanzania.
Microorganisms 7:491.
https://doi.org/10.3390/microorganisms7110491.

IV.  Temu, S.G., Tibell, S., Tibuhwa, D.D., Tibell, L. Coniocybe Ach.,
Revision of a Genus of Calicioid Lichens. Manuscript.

Important note: Paper IV of this thesis is a manuscript that contains nomen-
clatural novelties. In order to make it clear that these are not validly published
in this thesis the basionym necessary according to the International Code of
Botanical Nomenclature was omitted and a holotype is not indicated.



My contributions to the papers

The contributions of Stella Gilbert Temu to the papers included in this thesis
were as follows:

In all the papers included in this thesis I have made primary contribution to
the experimental design, specimen collection, data generation and analyses,
and manuscript preparation as detailed below;

I: Main author. I participated in the collection of specimens and their
morphological characterization, performed all the molecular and chemical
experiments, performed all data analyses, wrote a first draft of the manuscript
and contributed to editing the final version.

II: Main author. I participated in the collection of Tanzanian specimens and
their morphological characterization, performed all the molecular and
chemical experiments for Tanzanian specimens and part of the Sdo Tomé and
Principe specimens (nuLSU), performed all analyses, wrote a first draft of the
manuscript and contributed to editing the final version.

III: Main author. I participated in the collection of specimens, carried out all
molecular experiments, participated in their morphological characterization,
performed all data analysis, wrote a first draft of the manuscript and
contributed to edit the final version.

IV: Main author. I participated in the collection of specimens, carried out all
molecular experiments, participated in their morphological characterization,
performed all data analysis, wrote a first draft of the manuscript and
contributed to editing the final version.



Contents

INErOAUCTION ...ttt st enes 11
55 16] 1 TS5 USRNSSR 11
Why study lichens in Tanzania?............ccccceeveeveeniesienieneeneeseeseeseenns 11

Lichenology in Tanzania............cccceevveveenieenieeniesienieeseeseesieesseesveenes 12
Tropical MoUNtAIN fOTESTS.......ccuievrieirieirierieeeie ettt 13
The genus Usnea (Parmeliaceae) ..........cccvvevveevveenreenieenieenieenreeereesveesveenens 13

Infrageneric clades within Usned.............ccevveevevvenveneeneesieeieeinennes 15
The CaliCIONdS. ...oueeieieeeeieieie ettt 16

TRESIS ATIMIS ...ttt ettt se et e e e seeneenes 19
Specific aim of €aCh PAPET.......c.cccvveviieiieiieiecieee e 19

Comments on the Methods ...........ccoovereiieiiieeeeee e 20
SHUAY STEES ..uvieurieiieieeie ettt ere e ereereebeebeeaeesbesbeesbeesbeesseesseessessneans 20
Morphological and anatomical studies of Usnea ..........cccccvevvvevvennvennnnne. 21
Morphological studies of calicioids lichens ............ccccoeveviirienieniennnenne. 22
Chemical STUAIES........eeeeieieeiieee et 22
DNA extraction, PCR amplifications and sequencing ..............ccccceeveee. 22
Phylogenetic analySes........cucvvevierieeriieniienieiiesieesieeste e e sreeseesreesene e e 23

SUMMATIES OF PAPETS ...vevvieeiieiiieiie ettt tr e st stae s teeser e enees 24
Paper [: Phylogeny of the subgenus Fumitria in Tanzania ...................... 24
Paper II: The Usnea pectinata aggregate, molecular, morphological
and chemical Variation...........cceouerrrieieiereeeeee e 26
Paper III: Crustose calicioid lichens and fungi in mountain cloud
forests Of TaNZania..........ccooeeeeieriirieeeeeeee e 29
Paper IV: Coniocybe Ach., revision of a genus of calicioid lichens ........ 31

Concluding remarks and future prospects.........ccceevveevreevreevreecieeveeerieeineeneens 34

Svensk sammanfattning..........c..cceevveeerieiieiieeieeie e e ereeeesee e ereesre e e 36

ACKNOWIEAGEMENLS ....cvvieviiiiiciieieeie ettt e v ereeveeveeveeares 38

RETETEIICES ...t e et e e e e e e e e e e e e e seesaaeeeeesanas 42






Abbreviations

AIC
DNA
ITS
KOH
MCM7
MLbs
PP
LSU
PCR
RPBI
SEM
s. lat.
S. Str.
TLC

Akaike Information Criterion
Deoxyribonucleic acid

Internal Transcribed Spacer

Potassium hydroxide

Minichromosome Maintanance Component 7
Maximum Likelihood bootstrap support
Posterior Probability

Large ribosomal subunit

Polymerase Chain Reaction

RNA Polymerase II first-largest subunit
Scanning Electron Microscope

sensu lato (in a broad sense)

sensu stricto (in a narrow sense)

Thin Layer Chromatography



10



Introduction

Lichen studies on the African continent have been rather few and as a
consequence there are limited data on species diversity and distribution.
Molecular data are scanty. I focused on studying lichens so as to contribute to
the knowledge of them in Africa, particularly in Tanzania. Lichens grow in
various habitats in Tanzania, and are often prominent in undisturbed, humid
forests.

In the following sections I will provide an introduction to the lichens with
special reference to the ’beard lichens’ (Usnea Adans., Parmeliaceae) and the
calicioid lichens.

Lichens

‘Consider the Lichen. Lichens are just about the hardiest visible organisms on
Earth, but the least ambitious.’ (Bill Bryson, 2003)

Lichens are fungi living in a symbiotic relationship with microscopic green
algae or cyanobacteria, the symbiotic partner providing carbohydrates to the
symbiosis (Honegger 1998). In recent years, non-photosynthesising bacteria
(Grube et al. 2015) have been found to influence the symbiosis
(Aschenbrenner et al. 2014; Wedin et al. 2016). Basidiomycetes have also
been found to often be part of lichen symbioses (Spribille et al. 2016;
Tuovinen et al. 2019). Lichens vary in growth forms, from crustose, to foliose
(leaf like) or fruticose (shrubby or bush-like). Lichens occur in a variety of
environments and on different substrates such as rocks, soil, wood, and on the
bark of trees (Seymour et al. 2005). The species often have wide geographical
distributions.

Why study lichens in Tanzania?

My PhD project aimed at building research capacity in mycological sciences
in Tanzania, and more specifically in the field of lichenology since this, so far,
has been missing in the country. In spite of having mountain forests with an
extremely rich and varied lichen biota our scientific knowledge about them
remains scanty. In my PhD studies, I have been exploring the genus Usnea,
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the so called ‘beard lichens’, and calicioid lichens and fungi, the *pin-lichens’,
which have derived their names from the fact that their fruit-bodies look like
small nails. Both these groups have figured prominently when lichens have
been used as bioindicators assessing e.g. air quality and in forest ecology and
history. Usnea species are often quite spectacular and have frequently been
noticed and collected even by non-lichenologists and are also well-known and
often used among indigenous people for various domestic usage, not only as
food but also as drugs, for dyeing and various other purposes. Usnea is widely
known and utilized in medical treatments. It exhibits a wide range of medical
effects i. a. due to the presence of usnic acid, a potent antibiotic. Applications
have included antiviral, and antibacterial treatment of wounds and burns
(Podterob 2008). Calicioids are important as bioindicators, and in nature
conservation indicate species rich areas and habitats with long forest
continuity (Tibell 1992). Studying the systematics of lichens will contribute
to an increased knowledge of the lichens diversity of Tanzania and also in
Africa in general. Systematics studies of lichens in Tanzania have been few
and mainly base on traditionally methods — morphology and secondary chem-
istry, whereas molecular information has been scarce or lacking. Deforestation
and climate change are among major threats to biodiversity in Tanzania. They
both affect the mountain forests and their rich lichen diversity. Local scientific
lichenological competence is needed for successful guidance of conservation
measures in areas and habitats important for lichen diversity and moreover
also general biodiversity. This thesis is a further step towards deepening the
knowledge of lichens in mountain forests in Tanzania and Africa at large. It
provides baseline data on Usnea and calicioids, and adds new molecular in-
formation. Thus it provides a basis for further exploration of the biodiversity
and potential utilization of lichens in this part of the world.

Lichenology in Tanzania

The knowledge of Tanzanian lichens is rather limited and based on few pub-
lished scientific investigations. As in many other areas macrolichens have ob-
tained more attention than the crustose lichens. Access to molecular
information is very scant. A main reason is the lack of local lichenological
competence in Tanzania. Most studies have been carried out by visiting
scientists from other countries, for example in the Kili project (Kaasalainen et
al. 2018). Several lichens collected in Tanzania, including some Usnea spe-
cies, were distributed by Vézda (2008) in his exsiccata.

Major contributions to the Tanzanian lichen flora were provided by T.D.V.
Swinscow and H. Krog in treatises of East African lichens, which, however,
focused on macrolichens (Krog 1993, 1994, Krog & Swinscow 1982, 1983,
Swinscow & Krog 1986a, 1986b, 1986¢). They also published comprehensive
treatments of the macrolichens of East Africa (Swinscow & Krog 1988) and
on corticolous macrolichens of low montane forests (Krog 2000). In the
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beginning of 21 century V. Alstrup made important contributions to the
knowledge of the lichen flora in Tanzania (Alstrup & Aptroot 2005; Alstrup
& Christensen 2006; Alstrup et al. 2010).

None of the above studies included molecular information. Given the im-
portance of molecular data in modern lichen systematics, there is a great need
to extend molecular investigations of lichens collected in Tanzania.

Tropical mountain forests

Tropical mountain forests harbour important biodiversity. They are, however,
threatened by the human impact such as felling of tropical forests for
agriculture; overgrazing; timber production; charcoal burning and bush fires
(FAO 2010a). This threatens the biodiversity of mountain forest biodiversity.
Most tropical forests are thus disturbed by the increased logging, fires and
forest plantation (Gibson et al. 2011). Few undisturbed tropical forests exist
todays, and their unique ecology is further threatened by human driven factors
and climate change that have impact on the temperature, rainfall as well as the
formation of clouds in mountain areas (Bubb et al. 2004). The precise
contribution of these factors on the structure and composition or
disappearances of the montane forests remain unknown. A report from the
Global Forest Resources Assessment 2010 documented that about 16 million
hectares of global forests were converted or lost by natural causes each year
in 1990-2000 (FAO 2010b).

About 38 9% of the total land area in mainland Tanzania is forest
biodiversity conservation areas (33.5 million hectares, Lambrecht et al. 2002).
These are important in order to safeguard endemic species and also for
climatic and land care reasons (Bubb et al. 2004; Benitez et al. 2012).

The Kilimanjaro National park forest comprises several altitudinal zones;
the colline (lowland) zone; the submontane zone; the lower (elevation 1800—
2200 m), the middle (2200-2500 m), and upper (2500-3850 m) montane
zones, and the subalpine forest zone (4000 m and above) (Hemp 20006a;
2006D).

The genus Usnea (Parmeliaceae)

Usnea is one of the largest genera in the family Parmeliaceae. It comprises about
350 species (Divakar et al. 2015; Thell et al. 2012). In the phylogeny of
Parmeliaceae, Usnea forms a strongly supported monophyletic clade, in the
‘usneoid’ clade (Divakar et al. 2015; Crespo et al. 2007). Usnea includes fruticose
lichen-forming fungi described as having a beard-like thallus (Figure 1).
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Figure 1. Stella Temu and Prof. Donatha D. Tibuhwa from University Dar es
collecting Usnea on Mount Kilimanjaro. Photo by Frank Mbago.

Salaam

The genus is characterized by having radially symmetric branches with a
central axis consisting of an elastic, cartilaginous strand of longitudinally
orientated hyphae and by containing usnic acid in the cortex (Wirtz et al.
2006). Usnea is known for the morphological variability of its species, which
has caused difficulties in species recognition and characterization. A major
work about Usnea was published in the 20th century by Josef Motyka (1936,
1938). More than 750 names were published in this world monograph. His
work was challenged as being based on morphological characters where a spe-
cies sometimes might differ from another by just one character, characters
that, it could be argued, perhaps were modified by environmental factors
(Clerc 1998). Furthermore, Motyka‘s fieldwork was carried out mainly in
Eastern Europe and most of the tropical species he described were based on
herbarium material (Clerc 1998).

In Motyka’s time the studies of lichen chemistry were at an early stage.
Only subsequently, and particularly after the advent of thin layer chromatog-
raphy (TLC), secondary chemistry of lichens could with precision be studied
in detail. Such information was included regarding East African material in
Swinscow & Krog (1976a-b). Studies of the genus was carried out in different

14



places: Africa (Swinscow & Krog 1978, 1979, 1988), Argentina (Rodriguez
2011, Rodriguez et al. 2011), Australia (Stevens 1992, 1999, 2004), Europe
(Clerc 1984, 1987a-b, 1992, 1994, 2006, 2011; Halonen et al. 1998, 1999; Fos
& Clerc 2000; Cavirdé 2015), India (Awasthi 1986), Japan and Taiwan
(Ohmura 2001, 2012), New Zealand (Galloway 2007), North America
(Tavares & Sanders 1998; Herrera-Campos et al. 1998, 2001; Clerc 2007;
Hinds & Hinds 2007; Herrera-Campos 2016), the Polar regions (Walker 1985;
Wirtz et al. 2008, 2012), and Russia (Ohmura et al. 2017). South America
(Truong 2012, Truong et al. 2011, 2013a, 2013b; Truong & Clerc 2012, 2013,
2016; Gerlach et al. 2019). The genus occurs in polar, temperate and tropical
regions and its center of distribution seems to be in the Neotropics (Clerc
2016). The studies reported above were based mainly on traditional methods
and there are very little molecular data on the genus Usnea from Tanzania and
Africa in general.

Infrageneric clades within Usnea

In a world monograph of Usnea by Motyka (1936, 1938), where all fruticose
lichens with an inner, cartilaginous tissue were included, Usnea was divided
into six subgenera; Chlorea Nyl., Eumitria Stirt., Eu-Usnea (Usnea s. str.),
Lethariella Motyka, Neuropogon Nees & Flot. and Protousnea Motyka. Ac-
cording to Divakar et al. (2015) Protousnea and Lethariella do not belong to
Usnea. Molecular data has revealed that Usnea forms a strong monophyletic
group with several infrageneric clades, viz. Dolichousnea (Y. Ohmura) Arti-
cus, Eumitria and Usnea (Truong et al. 2013a; Temu et al. 2019a).

Eumitria, described in 1882 by Stirton, is characterized by having a fistu-
lose central axis. However, it is similar to Usnea s. str. in all other major
morphological and anatomical characters. Eumitria is known to occur in
Africa (Swinscow & Krog 1974; Krog 1994; Temu et al. 2019a), Australia
(Stevens 1999), Asia (Ohmura 2001, 2012) and South America (Truong &
Clerc 2013). It was later considered a subgenus of Usnea (Motyka 1936;
Ohmura 2001, 2002; Truong & Clerc 2013). Eumitria was, however, resur-
rected to generic level by Articus (2004), on the basis of molecular data, and
this was also accepted by Divakar et al. (2017). It has also been shown that
some species without a fistulose axis, e.g. Usnea pectinata, form a strong
monophyletic clade with Eumitria (Truong et al. 2013a; Temu et al. 2019a).
Eumitria has been considered a subgenus by several authors (Ohmura 2002;
Ohmura & Kanda 2004; Wirtz et al. 2006; Temu et al. 2019a). In Divakar et
al. (2017), Eumitria was accepted as a genus since the diversification of
Eumitria predates the diversification of Usnea. This is in contrast to Thell et
al. (2018) who considered the segregation of Fumitria as a separate genus un-
necessary because of its characteristic Usnea morphology, i.a. posessing a
central cord.
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Neuropogon is characterized by the black pigmentation of the cortex, the
dark pigmented apothecial discs, and a sphacelata-type cortex (Ohmura &
Kanda 2004). The distribution is restricted to Antarctica, the Arctic and high
Andean regions; it only occurs on rocks (Truong et al. 2013a). There are
several studies using molecular data in this group (Articus 2004; Ohmura &
Kanda 2004; Wirtz et al. 2006; Lumbsch & Wirtz 2011; Truong et al. 2013a;
Temu et al. 2019a). However more molecular data are needed since there are
indications that Neuropogon is polyphyletic and nested within Usnea s. str.
(Wirtz et al. 2006; Truong et al. 2013a). The black pigmentation which
characterizes this group might have evolved independently under similar
ecological conditions (Wirtz et al. 2006).

Dolichousnea was segregated from Usnea as a subgenus based on
morphological characters. It is characterized by the presence of annular
pseudocyphellae, a thick hypothecium and a positive iodine reaction of the
central axis (Ohmura 2001). It occurs mainly in the Northern hemisphere and
includes three species (U. diffracta Vain., U. longissima Ach. and U.
trichodeoides Vain.). They form a well-supported monophyletic clade
(Ohmura 2002; Truong et al. 2013a; Temu et al. 2019a). Dolichousnea was
elevated to a generic level by Articus (2004). Later, Divakar et al. (2017),
supported these results based on an estimated time of divergence as compared
to Usnea s. str.; Thell et al. (2018) differed with this view and suggested Do!-
ichousnea to remain a subgenus within Usnea because of its morphological
similarity to Usnea, viz. the central cord.

In the first part of the thesis only Eumitria was studied using molecular,
morphological and chemical methods.

The calicioids

Calicioid lichens, also known as ‘pin lichens’, is a historical concept in which
these lichens for a long period of time were considered to form a natural group,
and often even a prime example of a natural group. Their recognition was
mainly based on morphological characteristics such as frequently having
stalked apothecia (Figure 2A), the occurrence of a mazaedium (a collection of
ripe spores on the surface of the fruitbody; Figure 2B) as a result of the
presence of prototunicate asci (i.e. asci from which the spores are not
discharged forcefully into the air).
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Figure 2. A: stalked apothecia of Chaenothecopsis kilimanjaroensis, photo by George
Hillman; B: mazaedium of Calicium hyperelloides as visualised on SEM

Spore ornamentations are common in calicioids (Figure 3A — C). Calicioids
were first given a detailed description by Acharius (1815, 1816, 1817), and
they were also later to be considered as a natural group, often ranked as the
order Caliciales (Bessey 1907). Keissler (1938) codified this view as
‘Coniocarpinae’. Some genera like Chaenothecopsis Vain. and Stenocybe
Nyl. ex Korb. were included in ‘Coniocarpinae’/Caliciales based on a general
morphological similarity with ‘core’ calicioids, viz. the presence of stalked
apothecia (most of these genera were later transferred to Mycocaliciales,
Tibell & Wedin 2000). Caliciales was suggested not to be a monophyletic
group by Tibell (1984). This was based on morphological, chemical and
ultrastructural evidence, and later supported by molecular data (Prieto et al.
2013; Prieto & Wedin 2017). Calicioids have evolved in parallell in several
different clades among the ascomycetes; Arthoniales, Lecanorales, and
Pyrenulales (Prieto et al. 2013). ‘Calicioids’ as used here is a concept shaped
in a research tradition. It actually very precisely corresponds to Acharius’
‘Calicioidea’ (1815, 1816, 1817). The majority of the calicioids are lichenized
but some genera, like Chaenothecopsis, are not.
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Figure 3. Different spore ornamentations among different species of calicioid li-
chens and fungi as visualised on SEM, A: Chaenotheca furfuracea; B: Calicium
hyperelloides; C: Chaenothecopsis kilimanjaroensis

Calicioids often have wide distributions and have been studied in many parts
of the world (Tibell & Wedin 2000; Titov 2000, 2001; Tibell 1987, 1996,
1998, 2001; Tibell & Thor 2003). Calicioids have been in focus in biodiversity
and conservation since they are often rare and found in habitats of high
conservation values (Tibell 2003). Thus they have been used as bioindicators,
‘signal species’ (Nitare 2000), for identifying such areas and also for assessing
forest continuity (Tibell 1992). A high proportion of the species are on Red
Lists (Kruys & Jonsson 1997; SLU Artdatabanken 2020).

In areas between the Tropic of Cancer and the Tropic of Capricorn,
however, they have been much less well studied, although they often do occur
in abundance at high altitudes both in Africa (Tibell 2001), Asia (Titov 2000,
2001; Tibell & Thor 2003; Tibell 2006) and in tropical South America (Tibell
1996). These occurrences offer opportunities for interesting biogeographical
research and hypotheses as they harbour quite a rich and unexplored diversity
of calicioids that to a large extent still remains unexplored.
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Thesis Aims

The overall aim of this work was to study lichens from Tanzania with special
reference to Usnea (Parmeliaceae) and calicioids. The general focus was to
study the taxonomy of these lichens by molecular methods in addition to mor-
phology and chemistry.

Specific aim of each paper

Paper I aimed at studying Usnea species of the subgenus Fumitria in
Tanzania using a molecular approach, in addition to morphology and
chemistry.

In Paper II, the aim was to study the Usnea pectinata aggregate in detail
by including specimens from Tanzania and Sdo Tomé and Principe; study
their variation in morphology and chemistry and to compare with molecular
data.

The focus of Paper III was to study calicioid lichens and fungi in
Tanzanian cloud forests; summarize earlier information on their occurrence,
to supply new data and to offer observations on their habitat and distribution.

Paper 1V addressed the systematics of the revised genus Coniocybe. The
aim of this paper is to study Chaenotheca s. lat., and based on molecular data
emend Coniocybe on generic level.
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Comments on the methods

Study sites

Tanzania is an East African country, and it borders the Indian Ocean to the
East. Tanzania has many mountainous areas, among them Mount Kilimanjaro
(5895 m), Africa’s highest mountain (Figure 4). Mountain areas in Tanzania
have been explored by lichenologists since the 19" century.

— | —

4

KagarakTﬂLnganza IJ !
T [ A
Shmfanga N

"H-..

Indian Ocean

e

,g Samplmg site
": ~— Regional boundary

0 200 km
—

Figure 4. A map showing study sites and the regions of Tanzania. Modified from
Temu et al (2019a).

Mountain cloud forests are home to a very high biodiversity (Wagner &
Lugazo 2011). The climate, weather conditions, and the low level of air pol-
lution offer good growth conditions for lichens. The elevation and the effect
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of winds from the Indian Ocean provide cloud mist (Figure SA) and frequent
precipitation respectively in the mountain forests (Myers et al. 2000). The for-
ests are well conserved despite the local population carrying out crop farming
and livestock keeping nearby (Wagner & Lugazo 2011). Long-term threats
against the mountain forest ecosystems are posed by an increasing population
pressure and climate change.

The present studies were carried out in the northern part of the Eastern Arc
Mountains (Mount Meru, Kilimanjaro, Pare and the Usambara mountains).
They focused on rather undisturbed forests in four areas in the northern part
of Tanzania (Figure 4), Marangu (Kilimanjaro), Monduli forest reserve
(Arusha), Korogwe forests (Tanga) and the Meru forest reserve (Arusha). In
some of these forests e.g. the Monduli forest reserve wild animals like buffalo
and elephant occur, necessitating for field collecting being protected by guides
with guns (Figure 5B) to protect the researchers.

Figure 5. Mountain forests visited in Tanzania, A: Cloud forest in Mount Kilimanjaro
forest reserve; B: Stella Temu and the guides at Monduli forest reserve. Photo by
Sanja Tibell.

Morphological and anatomical studies of Usnea

The morphology of specimens was investigated using a stereo microscope.
For each specimen, three measurements were recorded: cortex (C) and
medulla (M) thickness, and central axis (A) diameter. These were made on
longitudinal sections of branches at x50 magnification. The relative thickness
of cortex/medulla/axis of the total branch diameter (CMA) and the ratio of
axis/medulla (A/M) of all the studied specimens were calculated according to
Clerc (1984, 1987a) and referred to the categories defined by Clerc (2011).
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Observations of the anatomical structure of the cortex were made on thin
hand-cut sections at x50 as in Ohmura (2001).

Morphological studies of calicioids lichens

The morphological study of the thallus and apothecia was performed on
freezing microtome sections ¢. 10-15 um thick and in addition on squash
preparations (ascus and spore measurements). The apothecium height,
capitulum and stalk diameters were measured under a stereo microscope. The
length and width of asci, and length and width of spores were measured under
the light microscope and standard deviations and means were calculated. The
sections were mounted in water. The spore ornamentation was observed in
Scanning Electron Microscope (SEM).

Chemical studies

Chemical analyses of Usnea specimens were performed by thin layer
chromatography (TLC) following Culberson & Ammann (1979), with solvent
system B modified according to Culberson & Johnson (1982). Spot tests
(mainly by KOH) were also carried out.

DNA extraction, PCR amplifications and sequencing

Total DNA was extracted from freshly collected material kept at -20 °C for
less than three months using the DNeasy Plant Mini Kit (Quiagen, Hilden,
Germany), following the manufacturer’s instructions. Material for extraction
was selected carefully to avoid contamination. For Usnea, a piece of a branch
about 1 cm long was used while for calicioids, about 10 — 30 apothecia were
used. The lichen tissue is made up of solid cell walls that must be disrupted to
successful extract DNA. Thus prior to any DNA isolations, samples were
prepared by freezing them in a -80 °C freezer. The frozen samples were then
mechanically crushed with a tissue- lyzer machine at a speed of 25 rpm for 1
or 2 minutes.

Total DNA was used for PCR amplifications. The primers used in PCR
amplifications were ITS1F (Gardes & Bruns 1993), ITS4 (White et al. 1990),
LROR and LRS (Vilgalys & Hester 1990), MCM7-709 and MCM7-1349
(Schmitt et al. 2009), gRPB1-A and gRPB1-C (Matheny et al. 2002) according
to the respective study. The amplifications were done by the AccuPowerPCR
PreMix (Bioneer, Daejeon, Korea); 3 ul diluted DNA, 1.5 ul of each primer
(10 mM), and water was added to the premix yielding a total volume of 20 pl.
The PCR conditions were specified in each study. PCR products were
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visualized by electrophoresis on 1.5% agarose gels. Products were purified
using Illustra™ ExoStar buffer diluted 10 x, following the manufacturer’s
protocol. Sequencing was carried out by Macrogen (www.macrogen.com).

Phylogenetic analyses

DNA sequences downloaded from GenBank were, along with the newly
produced sequences, assembled and edited using AliView (available
online: https://ormbunkar.se/aliview/; Larsson 2014). The newly generated
sequences from each studies were aligned, along with the selected sequences of
the studied group as downloaded from GenBank, by using MAFFT v.7 (available
online: https//mafft.cbrc.jp/alignment/server/).

Phylogenetic relationships and their posterior probabilities (PP) were inferred
using a Bayesian approach, and additional support values were estimated
using Maximum Likelihood bootstrap support (MLbs). For the Bayesian
analyses, the most likely models of evolution were estimated using the Akaike
Information Criterion (AIC) as implemented in Modeltest 3.7 (Posada &
Crandall 1998).

The Bayesian analysis was executed using MrBayes 3.2.6 (Ronquist et al.
2012), where two analyses of two parallel runs were carried out for 10 M
generations. Each run included four chains, and trees were sampled every
1000 generations and 25% were discarded as burn in. All runs converged on
the same average likelihood score and topology. Maximum likelihood
estimates were carried out by RAXML version 8.2.10 using the GTR + G + 1
model of site substitution (Stamatakis 2014). The branch support was acquired
by Maximum Likelihood bootstrapping (MLbs) of 1000 replicates (Hills &
Bull 1993), and MLbs > 70% were considered to be significant.

The trees were visualized in FigTree version 1.3.1 (Rambaut & Drummond
2010) and edited by Adobe Illustrator.
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Summaries of papers

Paper I: Phylogeny of the subgenus Eumitria in
Tanzania

In this study, the subgenus Eumitria of the genus Usnea was investigated. The
Eumitria specimens were collected in Tanzania. The species of this subgenus
are recognized by having a fistulose axis (Figure 6D). Identification of the
species in this group is difficult due to their morphological variability. Two
species, Usnea baileyi and U. pectinata, were investigated (Figures 6 and 7,
respectively).

Figure 6. Usnea baileyi, A: Usnea baileyi studied specimen (SGT 157); B: blackish
base; C: soralia with short isidiomorphs; D: thin and shiny cortex, red subcortical
pigment and tubular axis filled with loose hyphae (Temu et al. 2019a).
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Figure 7. Usnea pectinata, A: Usnea pectinata studied specimen (SGT 114); B:
main branch cylindrical with terete segments; C: main branch irregular with alate
segments; D: blackish base; E: soralia with short isidiomorphs; F: dark brown
pigmented axis of main branch with some fistulose areas in the central part of the
axis (Temu et al. 2019a).

Morphological studies were focused on features identified by Clerc (2011) as
useful for species recognition in this group. TLC was used for identifying the
secondary chemical compounds. Molecular studies supplied crucial data in
this group, where very few sequences were earlier available in GenBank (three
ITS sequences). The phylogeny of Eumitria in Tanzania was presented based
on molecular data and compared to morphological and chemical features
(Figure 8). A total of 62 new sequences (26 ITS, 20 nuLSU, 6 MCM?7, 10
RPB1) were generated. Phylogenetic analyses based on individual and
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concatenated data sets of ITS, nuLSU, MCM7 and RPB1 were used to infer
the phylogeny of Fumitria. Molecular analyses showed strongly supported
monophyletic clades of U. baileyi and U. pectinata, respectively.
Morphological features such as the pigmentation of the axis, branch shape,

and chemical patterns showed infraspecific variation in U. pectinata (Figure
8).
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Figure 8. Consensus tree based on Bayesian and ML analyses of Eumitria species in
Tanzania (ITS, nuLSU, RPB1 & MCM?7). The two support values associated with
each internal branch correspond to posterior probability (PP) and bootstrap support
(bs) respectively. Branches in bold indicate a support of PP >95% and a MLbs > 70%.
An asterisk on a bold branch indicates that this node has a support of 100% for both
support estimates. A dash instead of MLbs value indicates that the node of the
Bayesian tree was not recovered by ML bootstrapping. A: America, I: Indonesia, J:
Japan, T: Tanzania 1: main chemical substance, 0 accessory chemical substance, x:
dark brown pigmentation, big black dots: terete branch shape, triangles: alate branch
shape, pentagon: ridged branch shape (Temu et al. 2019a).

Paper II: The Usnea pectinata aggregate, molecular,

morphological and chemical variation
Usnea pectinata Taylor is characterized by having a pendent thallus with elon-
gated terminal branches, a dark brown base, punctiform maculae on lateral

branches and the presence of stictic acid as a major substance (Ohmura 2001).
This study is a continuation of paper I including additional specimens of the
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U. pectinata aggregate. Altogether 42 specimens were analysed, 22 from Tan-
zania and 20 from Sdo Tomé and Principe. The variation of specimens belong-
ing to the U. pectinata aggr. in the marker sequences, morphology and sec-
ondary chemistry was examined.

An ITS phylogeny was generated from the dataset that contains thirty-three
(33) sequences newly produced sequences and three (3) sequences down-
loaded from GenBank. Apart from the sequences produced in paper I and the
newly produced sequences in this study, there was previously only three (3)
ITS sequences of U. pectinata s. str. available in GenBank, originating from
Indonesia, Japan and Taiwan. No U. pectinata sequences from Africa have
earlier been published. Thus, this study is the first major molecular work on
the U. pectinata aggr.

In the ITS-tree of the U. pectinata aggr. morphological, chemical and
geographical features were indicated (Figure 9). In a phylogeny, the
monophyly of U. pectinata aggr. along with seven strongly supported sub-
clades (A — G), was observed. These clades obtained high support from both
Bayesian and MLbs analyses.

A total of seven chemotypes were observed (Figure 9) considering main
substances as detected by TLC. Six of them were observed in the U. pectinata
aggr. from Tanzania and Sdo Tomé and Principe and one was described by
Ohmura (2001). The chemotypes contained the following secondary sub-
stances: (1) protocetraric acid (2) constictic acid (3) protocetraric and
constictic acid (4) salazinic and diffractaic acid (5) constictic and diffractaic
acid (6) salazinic acid (7) stictic acid. However, the stictic acid group reported
by Ohmura (2001) was not observed in the African material studied.

The specimens represented two and four morphotypes characterized by
their axis pigmentation and branch shape, respectively (Figure 9). A pale to
dark brown axis pigmentation was observed. Four distinct branch shapes have
been noted; terete, ridged, alate and flattened. A correlation between
chemistry, morphology and molecular data was observed in most of the well
supported clades (B, C, and F; Figure 9).

The name ’U. pectinata aggregate’ is here used as a place holder of what
we see as a species complex. From this point of view, our results might well
be in line with those of Truong et al. (2013a), Saag et al. (2011), Ohmura
(2008), Wirtz et al. (2008) who reported that Usnea species, as recognized by
morphological and chemical characters, are usually monophyletic. More spec-
imens from different part of the world should be studied before proceeding
with taxonomical decisions on the U. pectinata aggr.

27



PROTOCETRARIC
CONSTICTIC
AZINIC

(YL — SGTeT

C,.
Suscri

SSZ8sS
855

Usnea pectinata aggr.

DU
Tola)
Ly
BE.

09857 ABDS16:
e G P
ABO516:

L MNO4BY

Q1%
B ogmrs sror @

* h
Usnea baleyi SGT120
Usnea baieyi SGT110  Outgroup

0003

Figure 9. ITS phylogeny based on Bayesian and Maximum Likelyhood (ML) analyses
of the Usnea pectinata aggregate along with morphological and chemical data. The
two support values associated with each internal branch correspond to posterior
probability (PP) and bootstrap support (bs) respectively. Branches in bold indicate a
support of PP > 95% and a MLbs > 70%. An asterisk on a bold branch indicates that
this node has maximum support for both support estimates. Full square shade: main
chemical substance, small coloured dot: accessory chemical substance, dash: un-
known. Usnic acid is found in all specimens and is therefore not included. Pale brown
circle: pale brown pigmentation, dark brown circle: dark brown pigmentation, white
circle: terete branch shape, flattened white circle: flattened branch shape, triangles:
alate branch shape, pentagon: ridged branch shape. I: Indonesia, Tw: Taiwan, S: Sdo
Tomé and Principe, T: Tanzania.
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Paper III: Crustose calicioid lichens and fungi in
mountain cloud forests of Tanzania

Calicioids also known as ‘pin lichens’ have got this nickname because of their
stalked fruit bodies (Figure 11A). Calicioid lichens and fungi are, however, an
artificial concept and rather reflects a research tradition — but not a natural
grouping. In this study the calicioids were treated in traditionally sense. Some
species similar to the ‘pin-lichens’ are also included in the calicioids; in short
species with a mazaedium and/or with stalked apothecia. Crustose calicioid
lichens and fungi in mountain cloud forests in Tanzania were investigated.
The material was collected in three different mountain forests in the northern
part of Tanzania: Monduli (Arusha), Mount Meru (Arusha) and Kilimanjaro
national park (Kilimanjaro). The areas are well protected and are renowned
for their biodiversity. The calicioids were found to occur mainly in the upper
forest zones where the common substrates were bark and decorticated stumps
of trees. The morphology and chemistry (mostly spot tests with KOH) were
studied. A total of 26 crustose calicioids (Figure 10) were recorded and notes
on their occurrence, ecology and distribution given. Calicium lenticulare and
Chaenothecopsis debilis were recorded as new to Tanzania. Chaenotheca
hispidula and Pyrgillus cambodiensis were new to Africa. Chaenothecopsis
kilimanjaroensis (Figure 11) was described as new to science based on
molecular and morphological features.

Calicium Chaenotheca Chaenotheca Chaenothecopsis Tylophoron
chlorosporum chloroxantha olivaceorufa kilimanjaroensis moderatum
Calicium Chaenotheca Chaenotheca Heterocyphelium Tylophoron
diploellum confusa sphaerocephala  leucampyx protrudens
Calicium Chaenotheca Chaenotheca Mycocalicium
hyperelloides deludens stemonea victoriae
Chaenotheca Chaenotheca Sphinctrina
furfuracea trichialis tubaeformis
Calicium Chaenotheca Chaenothecops Pyrgillus
pluriseptatum hispidula deb cambodiensis
Calicium Chaenotheca Chaenothecopsis  Pyrgillus
salicinum hygrophila pilosa Jjavanicus
M New to Science I New to Africa I New to Tanzania

Figure 10. Calicioid lichens and fungi from mountain cloud forest of Tanzania,
(Temu et al. 2019b).
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Figure 11. Chaenothecopsis kilimanjaroensis, A: Well-stalked apothecia with brown
stalks; B: aggregated apothecia; C: section of apothecium with pale stalk; D: dark
brown, well-developed excipulum; E: spores with a faint ornamentation as barely
visible under the light microscope; F: spores; G: spores, SEM; H: verrucose spore
ornamentation, SEM (Temu et al. 2019b).

A phylogeny of Chaenothecopsis was presented (Figure 12), where
Chaenothecopsis kilimanjaroensis was found to be close to C. debilis.
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Figure 12. Phylogenetic relationships of 24 species of Chaenothecopsis based on a
Bayesian Maximum Likelihood (ML) analyses of an ITS dataset. The tree was rooted
using Mycocalicium subtile. The two support values associated with each internal
branch correspond to posterior probabilities (PP) and maximum likelihood bootstrap
support (MLDbs) proportions, respectively. Branches in bold indicate a support of PP
> 95% and MLbs > 70%. An asterisk on a bold branch indicates that this node has a
support of 100% for both support estimates. Chaenothecopsis kilimanjaroensis is
highlighted by a shaded box (Temu et al. 2019b).

Paper 1V: Coniocybe Ach., revision of a genus of
calicioid lichens

Chaenotheca, a genus of calicioids, was studied. It has earlier been noted that
within Chaenotheca there are several subclades, ‘Coniocybe s. str.” being one
of them (Tibell et al. 2019), in a study limited to species from Europe. Conio-
cybe Ach.: Fr. was described by Acharius (1816), where Mucor furfuraceum
L. (=C. furfuracea (L.) Ach.) was included and this species was designated
lectotype of Coniocybe by Clements & Shear (1931). Mucor furfuraceum was
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in fact the only crustose calicioid described by Linnaeus. Further species in-
cluded in Coniocybe by Acharius (1816) were C. stilbea Ach., C. brachypoda
Ach., and C. gracilenta (Ach.) Ach. Coniocybe was later accepted by E. Fries
(1831) and also by Th.M. Fries (1860, 1861) and Zahlbruckner (1926), as dif-
ferent from Chaenotheca in having a poorly developed excipulum. Coniocybe
was maintained and widely used until Tibell (1984) transferred Coniocybe
brachypoda and C. furfuracea to Chaenotheca based on morphology and
chemistry data. Later, Chaenotheca confusa Tibell, which is very similar to
C. furfuracea and here referred to Coniocybe was described (Tibell 1998).

In this study, specimens from different parts of the world were included.
Based on molecular, morphological and chemistry data, we propose an emen-
dation of Coniocybe to include C. brachypoda, C. furfuracea and C. confusa
along with the newly described species C. eufuracea (Figure 13).

Figure 13. Ascomata of Coniocybe species, A: C. eufuracea (Temu 422); B: C.
brachypoda (Tibell 17062); C: C. confusa (Kantvilas 280/19); D: C. furfuracea
(Temu 442). Pictures by George Hillman.

Analyses of Chaenotheca s.lat. based on a three-marker dataset (ITS,
nuLSU and RPB1) were carried out based on a wide selection of species of
Chaenotheca s. lat. (i. e. sensu Tibell 1984) with representation of all the
Chaenotheca subclades mentioned in Tibell et al. (2019). In the phylogeny
Coniocybe s. str was distinct from other clades of Chaenotheca s. lat. and it
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has maximum support in Bayesian and Maximum Likelihood analyses. In or-
der to clarify the relationships within Coniocybe, further analyses of ITS were
performed and the phylogeny is presented in Figure 14.

Figure 14. Phylogenetic relationships of 4 species of Coniocybe based on a Bayesian
and Maximum Likelihood (ML) analyses of an ITS dataset. The tree was rooted
using Chaenotheca biesboschii and Chaenotheca gracillima. The two support values
associated with each internal branch correspond to posterior probabilities (PP) and
maximum likelihood bootstrap support (MLbs) proportions, respectively. Branches in
bold indicate a support of PP > 95% and MLbs > 70%. An asterisk on a bold branch
indicates that this node has a support of 100% for both support estimates.
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Concluding remarks and future prospects

This thesis consists of four papers, which aimed at investigating lichens from
Tanzanian mountain rainforests with special reference to Usnea
(Parmeliaceae; paper I and II) and calicioids (paper III and IV), bringing an
important contribution to the knowledge of African lichens. In an integrative
approach, morphology along with chemical and molecular data, were used.
Comments on the ecology and distribution of the species were included. Since
the study involved two different groups of lichens, I will give concluding
remarks for each group separately.

In paper I and I1, I dealt with the fruticose genus Usnea, which is known
for a morphoplasticity that has caused difficulties in species recognition and
characterization. In paper I, species from Usnea subgenus Eumitria were
studied. A phylogeny of Eumitria in Tanzania was presented. A total of 62
new sequences (26 ITS, 20 nuLSU, 6 MCM?7, 10 RPB1 ) for Eumitria were
produced. This brings a considerable contribution to the knowledge of Usnea
in Tanzania and Africa, given that earlier only two (2) DNA sequences were
available in GenBank. Chemical and morphology data were also provided. In
paper 11, the Usnea pectinata aggregate was studied in detail by including
more specimens (from Tanzania and Sdo Tomé and Principe) using classical
and molecular approaches. The genetic variation was studied along with the
morphology and chemistry of the species. These data are summarized in a
phylogeny (Figure 8). Seven subclades were observed within the Usnea pec-
tinata aggregate, and two and four morphotypes were found as axis pigmen-
tation and the shape of branches, respectively, were noted. Six chemotypes
were found among the studied specimens. These chemotypes have not been
reported in previous studies of U. pectinata. The paper brought an important
progress in treating the Usnea pectinata aggr. from Africa, for which previ-
ously molecular data worldwide was very scanty, and in total only four (4)
DNA sequences were available in GenBank. These studies revealed consider-
able variability and ensuing complications in recognizing species in Usnea.

During my PhD studies I collected about 300 specimens of Usnea from
Tanzania, whereby I also managed to study their morphology. Apart from the
studied material, I also produced additionally ninety one (91) more ITS se-
quences for Usnea. 1 aligned these with all Usnea ITS sequences available in
GenBank as a base for future work on Usnea from Tanzania.

Since Usnea are well known to contain bioactive compounds, I also aimed
at studying bioactive compounds in Usnea and their activity. I started at
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profiling the compounds in High-performance liquid chromatography (HPLC)
and it looks promising since some bioactive compounds were found; usnic
acid being one of them (results not presented in the thesis). This is an applied
field worthy to pursue in future work, and further research should be directed
to search for additional bioactive compounds in Usnea and investigating their
efficacy.

Paper III and IV aimed at investigating calicioid lichens and fungi in
mountain cloud forests in Tanzania. In paper I1I a total of 26 calicioid lichens
and fungi were recorded. It contained information on new records to science,
Africa and Tanzania. The paper further contained comments on the habitat
and distribution of the species. Paper IV focused on Coniocybe and the genus
was revised and emended to include in addition to the two species originally
part of the genus (C. furfuracea and C. brachypoda), also C. eufuracea - a
species new to science and another species (Chaenotheca confusa) combined
into Coniocybe.

Surveys of lichens in mountain cloud forests are important since they
harbor a high lichen diversity, and future research should also address conser-
vation issues in order to safeguard the ecological continuity of these forests
now at peril due to changing land use and climate change.

Generally, I would say that Tanzania is a country with one of Africa’s
richest pools of biodiversity, that still is insufficiently known. The results of
this thesis have advanced the knowledge on the lichens from Africa. Most of
the results form a baseline for future research on lichens in Africa. Still the
lichenological studies in Africa are very limited and in the future research ge-
netic studies will be of great importance. Research on other groups of lichens
is badly needed as a basis for using lichens in bioindication.
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Svensk sammanfattning

Denna avhandling behandlar taxonomin hos lavar i bergsregnskogar i
Tanzania. Tva grupper av lavar har studerats, sldktet skdgglavar Usnea och
calicioida lavar ("knappnalslavar’”) med malet att generellt 6ka kunskapen om
lavar i Afrika. Lavar bidrar med viktiga ekosystemtjanster och anvéinds ofta
inom praktisk naturvard. De kan exempelvis anvdndas som bioindikatorer i
undersdkningar av miljopaverkan fran t.ex. luftféroreningar, tungmetaller,
jordbrukskemikalier och skogsbruk. Den biologiska mangfalden i Afrika ar
fortfarande daligt studerad och det dr angelédget att klarldgga denna ytterligare
med avseende pa lavarnas taxonomi, nomenklatur, utbredning och ekologi.
Ofta anviands morfologi och kemi for att sdrskilja lavarter. Numera anvénds
ocksa allt oftare molekyldra metoder i kombination med de mer traditionella
metoderna. Mycket fa studier med molekyldra metoder har utforts pa
afrikanskt material av lavar. I denna avhandling har jag studerat skdgglavar
Usnea och calicioida lavar och svampar med en kombination av traditionella
och molekylidra metoder.

I studie I anvinde jag en kombination av molekyldra metoder, morfologi
och kemi foOr att studera arter i Usnea undersliktet Eumitria (Parmeliaceae).
Material insamlades vid fdltarbete i Tanzania. Tva arter studerades, Usnea
baileyi och U. pectinata. Mina studier visade att medan morfologin och kemin
ar likformig hos U. baileyi sa &r bade kemin och morfologin variabel inom U.
pectinata. Hir kunde flera kemotyper och morfotyper urskiljas. Studien
resulterade 1 62 nya sekvenser (26 ITS, 20 nuLSU, 6 MCM?7, 10 RPBI) for
Usnea subgenus Eumitria.

I studie II studerade jag den variabla Usnea pectinata aggregatet i mer
detalj med molekyldra metoder. Hér inkluderas material bade fran Tanzania
och Sdo Tomé. Variationen var stor men i ett slakttrdd baserat pa ITS delade
materialet upp sig i tva klader vilka dock inte gick att sérskilja & med
morfologi eller kemi. Arten varierade med avseende pa centralaxelns farg och
grenarnas form. Séledes kunde fem distinkta kemotyper urskiljas som skiljer
sig frdn de kemotyper som tidigare rapporterats for denna art. Resultaten visar
den morfologiska och kemiska plasticitet som finns inom det studerade
komplexet av skidgglavar, samt att stora dataset omfattande sévil morfologi,
kemi som sekvenser behovs for framgangsrika och detaljerade studier av detta
slakte med morfologiskt variabla och foljaktligen svéridentifierade arter.

I studie III reviderade jag taxonomin hos calicioida lavar och svampar
(“knappnalslavar”) i Tanzania. Studien syftade till att sammanstélla tidigare
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information om calicioida lavar och svampar i Tanzania och tillféra ny
kunskap baserad pé faltarbete i bergsregnskogar. Calicioida lavar och svampar
har ofta specifika krav pa sin livsmiljo och &r ofta rodlistade. De kan darfor
anviandas som bioindikatorer pa t.ex. lang skoglig kontinuitet. Gruppen ar
artrik i bergsregnskogar och ska darfér uppmarksammas vid skydd av dessa
miljéer liksom vid upprittandet av skotselplaner. Chaenothecopsis
kilimanjaroensis nybeskrivs baserat pa molekyldra data och morfologi.
Calicium lenticulare och Chaenothecopsis debilis rapporteras som nya for
Tanzania medan Chaenotheca hispidula och Pyrgillus cambodiensis
rapporteras som nya for Afrika. Totalt 26 skorpformade arter av calicioida
lavar och svampar inkluderades. De flesta av dessa arter har vida utbredningar
i kalla omraden av bada hemisfarerna men har dven spridda forekomster pa
hoga berg pa lagre latituder, vilket inbjuder till intressanta biogeografiska
studier. De flesta av arterna forekommer framst i den mellersta och Gvre
skogszonen och vixer pa bark av dldre trdd och pa ved.

I studie IV reviderar jag sliktet Coniocybe och forutom typarten C.
furfuracea inkluderas dven C. brachypoda, C. confusa samt den nya arten C.
eufuracea. Historiskt har ytterligare arter forts till sliktet, men dessa arter ska
foras till andra sldkten. Resultaten visar att Coniocybe dr monofyletiskt i en
molekyldr studie diar ITS, nuLSU och RPBI1 sekvenser anvints for att
klarldgga fylogenin.

Resultaten fran denna avhandling utgdr en gedigen grund for framtida
forskning om lavar i Tanzania och &vriga Afrika, sarskilt avseende skédgglavar
Usnea och calicioideer, som béda tidigare endast sparsamt studerats.
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