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Abstract 
 
The purpose of this study was to invent the lichen flora in Fiby urskog. Though Fiby is a 
popular spot for excursions among botanists, no inventory of the lichens in Fiby has ever 
been made. Because of time restriction, the inventory was limited to aspens. Aspen is the 
boreal tree species that has the most unique lichen flora, and therefore is very important for 
the diversity of epiphytic lichens in the boreal forests. The result of the inventory was 
compared to a list of species found before 1960, to see if some species have disappeared 
from the area. Differences in species composition between young and old aspens were 
analyzed, because the possible differences can affect how the lichen flora changes in the 
future. How diameter at breast height (DBH) affects the lichen flora of a tree was also 
examined.  
 
The inventory was performed during April to July 2006 in Fiby urskog, about 16 km west of 
Uppsala, Sweden. 50 trees were selected for a closer examination. On these trees, 81 lichen 
species were found. Ten of the species were signal species, and four were red-listed. 17% of 
the species were aspen specialists. One very clear difference between young and old aspens 
was found: Old aspens had signal species and red-listed species, while young did not. In the 
case of DBH, it could be shown that a larger DBH led to more cyanolichens. This fact is 
coupled to the fact that the regeneration of aspens inside the forest is very low, so young 
aspens (smaller DBH than old) grow mostly in the edges of the forest where cyanolichens 
cannot compete with green-algal lichens. DBH was also shown to affect the number of signal 
species and red-listed species on aspen – an increasing DBH led to more of these species. 
Seven of the species found before 1960 was not found in this study. The loss of species was 
not statistically significant. 
 
Since there are differences in the flora of young and old aspens, it is important to maintain 
old aspens in the forest landscape that can function as core habitats for dispersal to younger 
stands. It is also important to see to the regeneration of aspens inside forests in order to retain 
the unique lichen flora associated with stands in the forest landscape. The aspens in Fiby 
turned out to hold a large number of lichen species, many more than previously known. It 
could also be of interest to do an inventory of other substrates than aspen. Probably several 
species could be found that are not previously known in the area and that may be red-listed. 
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Introduction 
 
Previous inventories 

Though Fiby is a popular spot for excursions among botanists, no inventory of the lichens in 
Fiby has ever been made. Some lichens have been collected in Fiby during the 20th and 21st 
centuries (The Fytotek database). These lichens are now kept in the Museum of Evolution at 
Uppsala University. Some lichens have also been collected for the Swedish Museum of 
Natural History. Together, these collections are the most important keys to what lichens there 
have been in Fiby in the past.  
 
Because no previous inventory has been made, my goal is to be the first one to have made an 
inventory of the lichens in Fiby. Because of time restriction, I have limited the inventory to 
one substrate; aspen. 
 
The aspen and its lichen flora 

European aspen (Populus tremula) is one of the most widely distributed trees in the world. 
The aspen is a dioecious tree, but its main way of reproduction is vegetative (Featherstone 
2004). Because aspen mainly reproduces by root suckers, the trees often occur in a clumped 
pattern in the forest (Kuusinen 1994). Aspen roots can stay alive in the soil for many years 
after the parent tree has died, and therefore aspen ramets can appear where there are no 
mature aspens. Individual aspens survive only 50-200 years, while individual clones can 
survive for 10 000 years (Kuusinen 1994, Featherstone 2004).  
 
Several studies have addressed the importance of aspen for the diversity of epiphytic lichens 
in the boreal forests (e.g. Kuusinen 1994, 1996a, b, Hedenås and Ericsson 2000, Hedenås and 
Ericsson 2004). Widespread foliose lichens, such as Hypogymnia physodes, Parmelia sulcata 

and Platismatia glauca, that dominate the flora of most trees, are quite sparse on aspen 
(Kuusinen 1994, Kuusinen 1996a). Instead, the number of habitat specialist species is high 
(Kuusinen 1994, Kuusinen 1996a, Hedenås and Ericsson 2004). Aspen has the largest 
number of specialist cryptogam species of the boreal deciduous tree species in Sweden 
(Esseen et al 1997). In Sweden there are 82 lichen species that preferably grow on aspen, of 
which 27 are cyanobacterial (Hedenås and Ericsson 2000). Aspens also have the most unique 
lichen flora among the boreal tree species (Kuusinen 1996a). Therefore aspens are 
particularly important in the work with maintaining biodiversity in the boreal forest. Another 
distinctive feature of the lichen flora on aspen is the dominance of crustose lichens (Kuusinen 
1994, Kuusinen 1996a).  
 
Differences between old and young aspens 

During my excursions to Fiby I have noticed that many of the large aspens are dying. But 
there are very few younger aspens there to replace them. This observation agrees with that 
Arnborg (1948) made already in the 1940’s. He observed that mostly spruce grew up in the 
gaps that were created by storms. Neither aspen nor birch could compete with the spruce. He 
described that occasional aspens were still alive, while others were dead and falling apart. 
The previously so rich element of aspen in the forest was now disappearing.  
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The large aspens in Fiby grow in old growth stands throughout the forest, and seem to have 
grown up once when the forest was more open (Anonymous 2000). They stand in shadow 
and moisture, mixed with coniferous trees. In contrast, the young aspens grow mostly in the 
edges of the forest, next to fields and a small road. The stands consist mostly of young 
deciduous trees. An important question is what happens when the old aspens eventually die? 
Will all lichens be able to grow on the younger aspens, or will the more sensitive lichens 
disappear from the forest? I will compare the flora on old aspens with that on young aspens 
to see how they differ in species composition.   
 
That old aspens grow in old-growth stands in the forest while younger aspens grow on 
agricultural land is a general phenomenon. Aspen regeneration is nowadays mainly restricted 
to abandoned agricultural land (Hedenås and Ericsson 2000, 2004). Changes in silvicultural 
practices and fire regime have adversely affected the creation of new aspen stands in the 
forest landscapes, so that young aspen stands are very scarce in the forests today (Kuusinen 
1994, Hedenås and Ericsson 2004). This is also due to the high abundance of moose, since 
moose browsing prevents aspen regeneration (Esseen et al 1997, Hedenås and Ericsson 
2004). In addition to these factors, use of herbicides and selective felling has also made the 
regeneration of deciduous stands in the forest decrease drastically (Hedenås and Ericsson 
2000). 
 
Hedenås and Ericsson (2004) studied whether aspens in agricultural and forest landscapes 
have the same species composition, which is important to know for predicting the future of 
many lichen species. They revealed a great difference between the two landscape types. 
Lichens with a green-algal photobiont (from here on called green-algal lichens) were more 
prevalent in the agricultural landscape, while the lichens with a cyanobacterial photobiont 
(from here on called cyanolichens) occurred more often in the forest. This may be due to 
factors like habitat quality and chemical or physical factors. Green-algal lichens thrive in the 
agricultural landscape because the high nitrogen availability may enhance their net 
photosynthesis. Furthermore, cyanolichens are probably more susceptible to high irradiance 
than green-algal lichens, which give the green-algal lichens another advantage over the 
cyanolichens in the agricultural landscape. Cyanolichens require water saturation for their 
photosynthesis and have a competitive advantage in the forest instead, where there is lower 
nitrogen availability, more shade, and a higher humidity (Hedenås and Ericsson 2004).  
 
The conclusion that can be drawn is that if nothing is done, many sensitive lichens, especially 
cyanolichens, will be severely threatened as the element of aspens decreases in the forests. 
Measures that promote aspen regeneration in the forest landscape must be taken (Hedenås 
and Ericsson 2004). One such measure could be thinning of forest stands by selective cutting. 
An important question is then how sensitive lichen species would react to thinning. Hedenås 
and Ericsson (2003) studied the responses of five epiphytic lichens to 50% removal of the 
standing volume. Their conclusion was that while this may be a suitable method for 
preserving species confined to more sunlit aspens, other species confined to shady stands will 
be negatively affected. 
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Objectives 

I will make an inventory of the lichens on aspen in Fiby urskog. I will then compare the 
results of my inventory with the species collected before 1960, to find out if some species 
have disappeared from the area, and try to analyse why. To foresee how the lichen stock may 
change in the future, I will study how the species composition differs between the stands of 
old and young aspen.  
 
 

Material and Methods 
 
Fiby forest 

Fiby urskog is an old growth forest situated about 16 km west of Uppsala, Sweden. The 
importance of Fiby for the flora and fauna was discovered by Professor Rutger Sernander 
during one of his excursions in May 1910 (Sernander 1918). Sernander immediately 
understood that this was something very unusual for south-central Sweden; a forest that was 
almost untouched by civilization. In 1914, Sernander sent in an application that the Fiby 
forest should be preserved as a natural monument (Arnborg 1960). Unfortunately, Sernander 
used the old name “Fiby urskog”, and urskog means primeval forest. Eventually Sernander 
realized that the forest was not virgin, and wanted to change the name, but it was too late. 
The name led to a hot debate. Sceptics argued that the forest had been subject to both grazing 
and cutting, and was not even near virgin. Professor Henrik Hesselman was one of the 
toughest opponents to Sernander. Because of the debate about the history of Fiby forest, and 
because of bureaucracy, it took over 50 years before the forest became protected. In 1966 
Fiby forest was declared a nature reserve (Eckerrot 1995, Anonymous 2000).  
 
Some of Sweden’s most rare insects can be found in Fiby. Many of them are so sensitive to 
cultural impact that they could never have survived in Fiby if it was turned into pastureland 
during the 18th century (Dahlskog 1959). One could argue that the insects reconquered Fiby 
when the pastureland started to grow back into a forest, but the fact that so many species did 
succeed implies that Fiby must have, to a large extent,  kept its nature of old-growth forest. 
Just like the insects, the cryptogam flora of Fiby suggests that the forest must have been so 
untouched through the years that the name old-growth forest is not a large overstatement 
after all (Dahlskog 1959). 
 
Later studies, some of them pollen analyses, have helped to shed some light on the history of 
the forest. Large parts of Fiby forest have most probably always borne trees, but there have 
been significant influences of civilization until the end of the 18th century (Anonymous 
2000). The low cultural impact since the 18th century is an important difference to other 
forests in the area, which have been more heavily affected. The parts of the forest with the 
most fertile soil have probably been more affected by grazing, cutting and maybe also slash 
and burn cultivation, while the more bouldery areas have had continuous tree growth. It 
seems therefore that both Sernander and Hesselman were right in their opinions (Anonymous 
2000). 
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Area description 

The area of the nature reserve is 87 ha, of which 73 ha is land area (Anonymous 2000). The 
forest border on the Fiby Lake in the north, and on the Fiby River in the west and south. The 
most common vegetation is spruce forest of Vaccinium myrtillus type. The supply of dead 
wood in form of dead and dying trees and logs is rich. Spruce forest with grove vegetation is 
found in the southern part of the forest and on Åholmen west of the outlet of the Fiby Lake. 
The southern parts are very bouldery. Old aspens which are damaged by rot grow there. The 
lower vegetation in the southern parts consists of for example Anemone hepatica, Ribes 

alpinum, Convallaria majalis and Carex montana.  
 
On Getryggen, the central part of the nature reserve, flat-rock pine forest grows. The ground 
is dominated by Vaccinium myrtillus, Calluna vulgaris, Vaccinium uliginosum, and different 
lichens. The highest point of Fiby is located here, with an altitude of 68 meters above sea 
level (Arnborg 1960). North of Getryggen, the most naturally regenerated forests starts. It is 
spruce forest of Vaccinium myrtillus type with elements of pine and birch. The forest is quite 
waterlogged. Lots of old aspens can be found here, many severely damaged by rot. 
 
Fiby Forest is situated on Archaean rock. The Archaean rock is formed into long ridges 
which go in north-south direction, with the west side being steeper than the east side. In some 
parts of the reserve, especially north of Getryggen and by the southern part of the Fiby River, 
there is a lot of coarse moraine. 
 
The inventory 

The inventory was performed during April to July 2006. A total of 23 visits to Fiby forest 
were made. Since this was a complete inventory, my method was to study as many aspens as 
possible. I looked at every aspen I could find, and decided if I should examine the tree more 
closely. The trees were examined closely every time I found a new species on them, or saw 
the potential of the tree to have a red-listed species (Gärdenfors 2005). I regarded trees that 
had at least two signal species (species considered to indicate forest biotopes with high 
conservation values, see Nitare 2000) as trees with potential to have red-listed species. This 
was made because of the rich abundance of signal species in Fiby. One signal species did not 
have to imply that there were red-listed species, but if there were two signal species I 
reckoned that the chance for red-listed species was bigger. 
 
When I examined a tree closely I looked at the part from the ground up to two meters. 
According to Kuusinen (1996a) the basal parts of boreal forest trees generally have the 
highest epiphyte species richness. I also looked at fallen twigs and branches to see what 
lichens grew on them. I used a magnifying lens (20x) to study the lichens. If I couldn’t 
identify a lichen in the field, I collected it for examination in the reference herbarium of the 
Museum of Evolution in Uppsala. Some of the lichens were examined by thin layer 
chromatography. For every tree I examined closely, I noted how open the stand was, if the 
microclimate was moist or not, the general shape of the tree, and its circumference at breast 
height. The circumference at breast height was measured to the nearest cm and converted to 
diameter at breast height (DBH).  
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I examined both old and young trees. It can be a bit difficult to distinguish between old and 
young trees in an old growth forest like Fiby where old trees can be very small and thin. I 
regarded those trees as young that had smooth bark, a circumference under 90 cm, and that 
grew in the edges of the forest. I used this definition after consultation with my supervisor 
Anders Nordin. That the tree should grow in the edge of the forest was an important part of 
the definition, because most young aspens do (Hedenås and Ericsson 2000, 2004), and I 
wanted to see how the lichen flora looked like when young trees grew in the edges of the 
forest.  
 
Lichen species were classified as generalist and specialist. Species that prefer to grow on 
aspen were classified as specialists (Hallingbäck 1997 was used for the classification). That I 
classified a species as a specialist does not mean that it cannot grow on other tree species 
than aspen. Species were also divided into two groups according to their photobiont, either 
cyanolichens or green-algal lichens. The nomenclature follows Santesson et al 2004. 
 
Statistical tests 

The difference in the number of species between young and old aspens was analyzed with a 
Chi-square test (Fowler et al. 1998). I also tested the difference in mean number of species 
per tree between young and old aspens with a Mann-Whitney U-test. To test if there was a 
difference in species composition between young and old aspens, I divided the lichens into 
cyanolichens and green-algal lichens. Then I performed a two-way Chi-square test to test if 
any of the lichen categories occurred more often on young or old aspens. I also used a Chi-
square test to test the difference in number of signal species and red-listed species between 
young and old aspens. 
 
Another interesting point to examine was if there was a correlation between DBH and 
number of species, signal species, red-listed species, specialist species or cyanolichens. 
Therefore, I tested the number of species in these categories against DBH by linear 
regression (Fowler et al. 1998). Finally, I tested if there has been a significant loss of species 
since 1960’s, by performing a Chi-square test between the number of species collected 
during the first part of the 20th century, and how many of them I could find now. 
 
 
Results 
 
Species number and composition  

Totally, I examined 50 trees closely (Appendix 1). Of these trees, 34 were old and 16 were 
young. I found a total of 81 species on the trees (see Table 1 for a complete list of species). 
Of the total number of species found, 71 grew on old aspens and 35 grew on young aspens. 
The most common species on old aspens were Cladonia coniocraea, C. fimbriata, Lepraria 
sp. and Phlyctis argena. Close after these, two signal species followed; Lobaria pulmonaria 
and Parmeliella triptophylla. On the young aspens, the most common species were 
Hypogymnia physodes, Lecanora allophana, Lecidella euphorea and Parmelia sulcata. 
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Ten of the species found were signal species (Appendix 2). The most common signal species 
were Lobaria pulmonaria and Parmeliella triptophylla. Four of the species found were red-
listed species (Appendix 3). The most common red-listed species was Lobaria pulmonaria, 
which is also a signal species. All four red-listed species and ten signal species were found 
on old aspens. None of them were found on young aspens. It is interesting to note that two of 
the species found on young aspens, Acrocordia cavata and Phaeophyscia endophoenicia, 
were red-listed according to the previous Red List (Thor and Arvidsson 1999). This implies 
that red-listed species can be found on young aspens too, although I did not find any in this 
study. Also, the red-listed species Collema subnigrescens was found very near a young aspen 
stand.  
 
 
Table 1. Species that were found on aspen in Fiby in 2006, and species characteristics about them. 

Species name 

Red-listed 
/ signal 
species 

Specialist / 
generalist 

Green-algal / 
cyanobacterial 

No. of 
times 
recorded 
on old 
aspen 

No. of 
times 
recorded 
on 
young 
aspen 

Acrocordia cavata  sp g 1 1 

Acrocordia gemmata  ge g 6 0 

Anaptychia ciliaris  ge g 3 8 

Arthonia didyma  ge g 1 0 

Bacidia rubella S ge g 3 0 

Bacidia subincompta  sp g 9 2 

Bacidina arnoldiana  ge g 1 0 

Biatora albohyalina  ge g 2 0 

Biatora chrysantha  ge g 1 0 

Biatora efflorescens  ge g 1 0 

Bryoria fuscescens  ge g 0 2 

Caloplaca cerina  ge g 0 2 

Caloplaca ferruginea  sp g 2 0 

Caloplaca 
flavorubescens  sp g 2 5 

Caloplaca holocarpa  ge g 1 1 

Chaenotheca chlorella S ge g 2 0 

Chaenotheca trichialis  ge g 1 0 

Chrysothrix candelaris  ge g 6 0 

Cladonia cenotea  ge g 1 0 

Cladonia coniocraea  ge g 16 1 

Cladonia digitata  ge g 2 0 

Cladonia fimbriata  ge g 18 1 

Cladonia pyxidata  ge g 1 0 

Collema flaccidum S ge c 2 0 

Collema subnigrescens R, S sp c 1 0 

Evernia prunastri  ge g 2 3 

Gyalecta truncigena R ge g 1 0 

Hypogymnia farinacea  ge g 1 0 
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Hypogymnia physodes  ge g 12 13 

Hypogymnia tubulosa  ge g 4 5 

Lecania cyrtella  ge g 4 0 

Lecania hyalina  ge g 2 0 

Lecanora allophana  sp g 4 10 

Lecanora argentata  ge g 0 2 

Lecanora chlarotera  ge g 8 8 

Lecanora leptyrodes  sp g 1 0 

Lecanora populicola  sp g 0 2 

Lecanora rugosella  sp g 0 1 

Lecanora subrugosa  ge g 1 2 

Lecidella elaeochroma  ge g 1 3 

Lecidella euphorea  ge g 1 13 

Lepraria sp.    26 0 

Lepraria incana  ge g 1 0 

Lepraria lobificans  ge g 1 0 

Leptogium saturninum S sp c 1 0 

Lobaria pulmonaria R, S ge c 15 0 

Melanelia exasperata  sp g 1 0 

Melanelia glabratula  ge g 4 0 

Melanelia 
subargentifera  ge g 0 0 

Micarea prasina  ge g 9 1 

Mycobilimbia 
carneoalbida  ge g 2 0 

Mycobilimbia  
epixanthoides ge g 2 0 

Nephroma bellum S ge c 5 0 

Nephroma laevigatum R, S ge c 4 0 

Nephroma parile S ge c 3 0 

Ochrolechia 
szatalaensis  ge g 1 0 

Opegrapha atra  ge g 1 0 

Opegrapha vulgata  ge g 1 0 

Parmelia sulcata  ge g 5 9 

Parmeliella triptophylla S ge c 15 0 

Parmeliopsis ambigua  ge g 1 0 

Peltigera canina  ge c 3 0 

Peltigera degenii  ge c 3 0 

Peltigera polydactylon  ge c 1 0 

Peltigera praetextata  ge c 5 1 

Pertusaria albescens  ge g 2 0 

Pertusaria amara  ge g 7 0 

Phaeocalicium 
praecedens  sp  1 0 

Phaephyscia ciliata  sp g 0 1 

Phaeophyscia 
endophoenicea  ge g 0 1 

Phlyctis argena  ge g 31 8 
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Physcia stellaris  sp g 4 7 

Physconia distorta  ge g 0 5 

Platismatia glauca  ge g 4 2 

Pseudevernia 
furfuracea  ge g 3 3 

Ramalina farinacea  ge g 1 6 

Scoliciosporum  
chlorococcum ge g 1 0 

Scoliciosporum 
sarothamni  ge g 1 0 

Usnea filipendula  ge g 0 1 

Usnea subfloridana  ge g 4 3 

Xanthoria parietina  ge g 4 7 

 

Twelve of the 81 species were cyanobacterial species (including Lobaria pulmonaria which 

has both a green algal and a cyanobacterial component). On the older aspens, all of these 

cyanobacterial species could be found, while the young aspens only had one of the species - 

Peltigera praetextata. The number of aspen specialists was 14 species, which means that 

17% of all species found were aspen specialists. On the old aspens, eleven specialist species 

were found, with Bacidia subincompta being the most common. On the young aspens, eight 

specialist species were found, and Lecanora allophana and Physcia stellaris were the most 

common.  

 

The mean number of species per tree was almost the same for old and young aspens; 8,9 

species per tree on old trees and 9,1 species per tree on young trees, which is not statistically 

significant. On the other hand, the difference in total number of species (71 on old aspens and 

35 on young) was statistically significant (
2 

= 6,23, df = 1). No statistically significant 

difference could be found regarding the species composition, although the young aspens had 

only one species of cyanolichens compared to the old aspens’ twelve species. However, in 

the case of signal species and red-listed species, there was a clear difference between young 

and old aspens (
2 
= 10, df = 1 and 

2 
= 4, df = 1, respectively).  

 

Sample tree characteristics 

The younger aspens grew in stands mostly consisting of young deciduous trees, while the old 

aspens grew deeper inside the forest mixed with coniferous trees. The canopy cover was thin 

for most young trees studied, and the air was dry. For the older aspens, the canopy cover was 

mostly quite dense. The air was quite humid where all the sampled old aspens grew, but most 

humid by the river and near the lake. The mean DBH for the old aspens was 51,6 cm and the 

mean for the young aspens 12,8 cm. DBH could not be shown to affect the number of 

species. In the case of signal species and red-listed species, DBH clearly affected the number 

of these species (p=0,000, R
2
=0,37 and p=0,009, R

2
=0,14, respectively). But when the young 

aspens (that had no signal species or red-listed species at all) where removed from the test, 

DBH did no longer significantly affect the number of signal and red-listed species. 

Moreover, there was a correlation between DBH and number of cyanolichens (p=0,000, 

R
2
=0,27), where larger DBH meant more cyanolichen species. In the case of specialist 

species, there was a weak but opposite correlation: Smaller DBH led to more specialists 

(p=0,026, R
2
=0,10). Figure 1 and 2 shows how the number of species changed with 

increasing DBH. 
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Figure 1. How the number of species and specialist species on aspens in Fiby urskog in 2006 changed 

with increasing DBH.  
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Figure 2. How the number of cyanobacterial, red-listed and signal species on aspens in Fiby urskog in 

2006 changed with increasing DBH. 
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What has happened in 50 years? 

Of the 22 species noted between 1910 and 1960, there were seven species that I could not 
find now. These species were Bacidia beckhausii, Collema furfuraceum, C. occultatum, 

Leptogium teretiusculum, Megalaria grossa, Mycoblastus sanguinarius and Nephroma 

resupinatum. The loss of species was not statistically significant.  
 

 
Discussion 
 
Species number and composition 

Fiby is a lichen rich area, which is shown by the total of 81 species that were found on the 
aspens in the forest. That ten of the species were signal species and four were red-listed 
implies that the area is favourable for forest lichens. Furthermore, four additional species 
(Acrocordia cavata, Chaenotheca chlorella, Phaeocalicium praecedens and Phaeophyscia 

endophoenicia) were found that were red-listed according to the previous Red List (Thor and 
Arvidsson 1999). 
 
The number of specialist species (17%) in my study was lower than in previous studies of 
lichens on aspen. Hedenås and Ericsson (2004) found 45% specialist species on aspens in 
northern Sweden and Hedenås and Ericsson (2000) found 29% aspen specialists, also in 
northern Sweden. Kuusinen (1994) found 25% in southern and middle Finland. This 
difference can depend on the definition of a specialist species. Several species that are 
considered generalists according to my definition may have been counted as specialists in 
other studies. One example is Mycobilimbia carneoalbida and M. epixanthoides which are 
considered as specialists in Kuusinen’s study from 1996 (Kuusinen 1996a), but considered 
generalists in this study. Differences like this can depend on new information about which 
tree species certain lichen species can grow on. 
 
When comparing this study with studies of lichens on aspen in Finland (Kuusinen 1994, 
1996 a, b), one can conclude that the species composition is similar between the countries. 
Among the crustose lichens, Phlyctis argena, Lepraria spp. and Bacidia subincompta were 
all very common in Kuusinen 1994 and 1996a, and so in this study. Mycobilimbia 

carneoalbida and M. epixanthoides were also common in the studies in Finland, but only 
found a few times each in this study. Both of these species are indicators of old-growth forest 
(Sernander 1936). Among the cyanobacterial macrolichens, Lobaria pulmonaria, Nephroma 

bellum, Nephroma parile, Parmeliella triptophylla, Peltigera canina and Peltigera 

praetextata were the most common in one of the studies in Finland (Kuusinen 1996b). They 
were among the most common in this study as well, with Lobaria pulmonaria and 
Parmeliella triptophylla being the most common. 
 
Differences between old and young aspens 

Because the young aspens were found in the edges of the forest (as followed by the 
definition), their stand characteristics where quite different from the old aspen’s. The canopy 
cover was thin and the air was dry where the young aspens grew. On the contrary, the canopy 
cover was quite dense and the air humid where the old aspens grew. This made the growth 
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conditions different for old versus young aspens and the lichens on them. I found statistically 
significant differences between young and old aspens both in the total number of species, 
number of signal species and number of red-listed species. My results agree with earlier 
studies that have shown that the epiphytic flora differs significantly between early and late 
successional forest stands (Kuusinen 1996 b, Boudreault et al. 2000, Hedenås and Ericsson 
2000, Hedenås and Ericsson 2004). Hedenås and Ericsson (2000) found an increase in the 
number of lichen species with the age of a stand. Furthermore, they could conclude that mean 
DBH explained 30.2% of the variation in species composition. Mean DBH was larger in 
older stands. Total number of species, number of signal species, and number of aspen 
specialist species increased with increasing mean DBH. These results are quite opposite to 
the results of this study, as I found no connection between DBH and total number of species, 
and even found that the number of aspen specialists decreased with increasing DBH. 
However, I did find that the number of cyanolichens, signal species and red-listed species 
increased with increasing DBH. Kuusinen (1996b) found a positive correlation between the 
number of cyanolichens and the DBH of the trees, which agrees with my results. 
Furthermore, he concluded that the average number of cyanolichens per tree was a simple 
indicator of the continuity of a forest stand. It should be added that DBH has no clear 
connection to the age of an aspen. Hedenås and Ericsson 2000 have shown that perimeter is 
highly correlated with tree age in aspen (r=91), while Kuusinen 1996b concludes: “Age 
measurements of some trunks… indicate that the correlation between the DBH and age is 
probably very weak.” 
 
The reason that I examined so few young trees compared to the number of old trees was 
simply that the young trees seemed to have a quite similar lichen flora. Since my method was 
to examine only those trees that, at a quick overview, seemed to have new species or red-
listed species, many of the young aspens were not closely examined. It is not totally clear 
why the species composition differs so much between young and old aspen stands. Hedenås 
and Ericsson (2004) proposes that changes in species composition may be due to time itself, 
i.e. the chance of a lichen dispersal unit reaching a stand is likely to increase with time, and 
therefore species with good dispersal abilities will be found on younger substrates. It could 
also be so that some species take longer time to grow to identifiable thalli than others. Then 
lichens dispersed by soredia or isidia probably would have an advantage since the whole 
symbiosis is dispersed, but Hedenås and Ericsson (2000) found the opposite pattern (Hedenås 
and Ericsson 2004). The changes can also depend on factors correlated with stand age, such 
as stand structure, tree morphology, humidity and shade (Kuusinen 1996 b, Hedenås and 
Ericsson 2004). Differences in habitat quality, due to differences in the physical environment 
associated with the presence of conifer in the older stands also appear to be involved in why 
species composition differs between stands of different ages (Hedenås and Ericsson 2004). 
 
No red-listed species were found on young aspens. However, one red-listed species (Collema 

subnigrescens) was found very near a young aspen stand, which could mean that it can 
spread to the stand when the aspens in the stand are older. Cyanolichens do not colonize in 
young aspen stands even when the young stands are located near old stands where the species 
dwell (Hedenås and Ericsson 2000). This means that the habitat may be favourable for the 
lichen also in the young stand, and that it can spread there if the young aspens grow old 
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enough before the old ones die. Therefore, late-successional aspen stands must be conserved 
to function as core habitats for dispersal to young stands (Hedenås and Ericsson 2000). 
 
In addition to the fact that cyanolichens were confined to late-successional stands and did not 
occur in younger adjacent stands, Hedenås and Ericsson (2000) found that qualitative 
features, e.g. signal species, showed a stronger correlation with increasing stand age than 
quantitative features, e.g. total number of species. But in reality, both quantitative and 
qualitative features may have a strong correlation with increasing age. Studies are often made 
on the lowest part of the trunk, and therefore some species are not seen. This is important to 
remember, because then a drastical change in species composition can be seen when the trees 
get older, but in reality, some of the young stand species remain in the old stands – high up in 
the crowns (Kuusinen 1994, Hedenås and Ericsson 2000). 
 
What has happened in 50 years? 

Some of the species that I didn’t find were species that can be hard to discover. Both Collema 

occultatum and Leptogium teretiusculum are very small, and I have probably overlooked 
them. Bacidia beckhausii might also have been overlooked, because I may have mistaken it 
for B. subincompta, which was very abundant. Furthermore, C. occultatum is red-listed as 
near threatened (Gärdenfors 2005), so theoretically it could have disappeared from the area. 
Two other of the missing species that are red-listed are Collema furfuraceum, red-listed as 
near threatened (Gärdenfors 2005) and Megalaria grossa, red-listed as care demanding 
(Gärdenfors 2005). Both of these species are threatened in the long term by low regeneration 
of aspen in forest landscape (Thor and Arvidsson 1999). Finally, the two species 
Mycoblastus sanguinarius and Nephroma resupinatum could not be found. To this, I have no 
good explanation. Unfortunately there are no previous inventories of the lichens in Fiby, so it 
is impossible to say if new species have arrived instead of these old ones that have 
disappeared, that is if the number of lichens has dropped or if the species composition just 
has changed.   
 
Conclusion 

The lichen flora seems to differ between young and old aspens. This means that it is 
important to maintain a continuum of patches of old-growth aspens trees in the forest 
landscape, so that sensitive lichens can spread from the old trees to the younger trees as they 
age. Since aspen regeneration is restricted in the forest landscape because of changes in fire 
regime, silvicultural practises and so on, young aspens mostly grow in the edges of forests 
and on abandoned fields. This adds to the differences in species composition between young 
and old aspens, because species that thrive in the agricultural landscape will grow on the 
young aspens. It is therefore important to see to the regeneration of aspens in the forest 
landscape in order to retain the unique lichen flora associated with stands in the forest 
landscape. There are several valuable aspen-rich forests around Fiby, so the sensitive forest 
lichens can hopefully be preserved on a landscape level even if the aspens inside Fiby die. 
 
The aspens in Fiby turned out to hold a large number of lichen species, many more than 
previously known. It could be a good idea also to do an inventory of other substrates than 
aspen in Fiby. Probably several species could be found that are not previously known in the 
area and that maybe are red-listed. 
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Appendix 1 

 
The studied aspens in Fiby urskog 2006 
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Appendix 2 

 

Aspens with signal species in Fiby urskog 2006 
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Appendix 3 

 

Aspens with red-listed species in Fiby urskog 2006 
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