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I fi rst discovered the genus Letharia (Th. Fr.) Zahlbr. at 
Yosemite’s Crane Flat Campground in the summer of 
2001. Bright yellow-green thalli littered our campsite, 
and it was easy to key them out to Letharia vulpina (L.) 
Hue. I did not even need a hand lens. Lately, however, 
I hardly look at Letharia without using a hand lens. I 
entered graduate school and began to follow the complex 
biogeographical, ecological, and evolutionary story 
unfolding in the chartreuse fruticose genus. I am writing 
now to spread the news that it is an exciting time to take 
a second look at the genus Letharia.

The two species of Letharia are easy to identify. Letharia 
vulpina is markedly sorediate-isidiate (Brodo 2001) and 
rarely fertile, whereas Letharia columbiana (Nutt.) J.W. 
Thomson has prominent coffee-brown apothecia trimmed 
with yellow-green spiny projections. Both species share 
a shade of yellow-green that is hard to confuse with 
anything else. The color and form of these lichens is so 
distinctive and attractive that they were chosen for the 
cover of Lichens of California (Hale and Cole 1988) and 
Macrolichens of the Pacifi c Northwest (McCune and 
Geiser1997). Both are usually found on conifer bark or 
wood and commonly grow at altitudes between 5000 and 
9000 feet. The photobiont of both species is a green alga 
from the genus Trebouxia. 

The fi rst person who suspected that something more 
complicated was going on with Letharia was Alwin 
Schade (1881-1976). I think that Schade looked more 
closely at the morphology of Letharia than anyone 
before or since. He was an expert on the lichens of 
Saxony (Germany), and he was intrigued when he ran 
across a tiny fragment of Letharia vulpina next to an 
herbarium specimen of Tuckermannopsis chlorophylla 
collected in 1800 (Schade 1954). Letharia was known in 
northern Europe, but it had not previously been reported 
in Saxony. In Dresden he studied European and North 
American specimens sent to him from herbaria all over 
Western Europe. From among the fertile specimens now 
know as L. columbiana, he delineated eight subgroups 

based on morphological differences (Schade 1955). He 
considered himself a staunch lumper (Schindler 1979), 
so it is interesting that he felt strongly enough about the 
groups to give them names. 

No one published on further morphological differences 
in Letharia until Trevor Goward (1999) briefl y proposed 
that Letharia vulpina could be split into two species. 
Then Scott Kroken and John Taylor (2000, 2001) took 
an interest in the relationship between the “species pair” 
L. vulpina and L. columbiana. They wanted to know 
whether L. vulpina was just an asexual variety of L. 
columbiana and used genetic (DNA sequence) evidence 
to establish whether individuals from the two species 
were interbreeding. They found the following:
1) L. vulpina and L. columbiana are reproductively 

isolated lineages; they do not appear to interbreed at 
all.

2) Predominantly asexual L. vulpina can be further 
divided into two separate lineages as Goward had 
proposed. In California, one lineage occurs in the 
coastal ranges while the other occurs in inland 
mountains.

3) Predominantly sexual L. columbiana consists of 
four genetically distinct lineages. 

Kroken and Taylor’s study provides genetic evidence 
of breeding within the lineages but not between the 
lineages, an indication of extensive past speciation. In 
other words, California probably has at least six species 
of Letharia, and many of them grow together in the same 
forests, often on the same trees. 

After fi nishing the genetic investigation, Kroken and 
Taylor went back and looked at the voucher specimens 
they had collected. They were able to fi nd several 
morphological and one chemical difference between 
the lineages. Based on these differences and drawing on 
Schade’s previous work, they gave nicknames to the six 
Letharia lineages. For example, Letharia columbiana 
‘lucida’ has no isidia whereas the other three forms of 
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L. columbiana usually do have isidia. L.c. ‘lucida’ also 
enjoys the distinction of being the only lineage with 
norstictic acid absent in the apothecia (Kroken and 
Taylor 2001, Culberson 1969). Although Kroken and 
Taylor referred to the six lineages as species, they did 
not propose to revise the taxonomy in the Letharia genus 
beyond offering fi ve new nicknames. Grube and Kroken 
(2000) argue that informal names are appropriate until a 
thorough geographic study using all types of taxonomic 
characters is available.

 Where do Letharia lichens of the Old World fi t into this 
picture? Recall that only Letharia vulpina is recognized 
in Europe (Linnaeus named it Lichen vulpinus). Kroken 
and Taylor confi rmed that their Italian and Swedish 
samples fell into the same lineage as our coastal Letharia 
vulpina (Kroken and Taylor gave no nickname to the 
coastal form of Letharia vulpina). In addition, a group of 
researchers recently found both of Kroken and Taylor’s 
predominantly asexual lineages, Letharia vulpina and 
Letharia vulpina‘lupina,’ growing in Morocco (Arnerup, 
et al 2004). This means that both of California’s 
predominantly asexual forms of Letharia, but none 
of California’s predominantly sexual forms (the four 
lineages of Letharia columbiana) have been found in the 
Old World. Asexual forms are well suited to dispersal by 
virtue of abundant dual fungal/algal propagules (soredia/
isidia). Hogberg et al (2002) attribute the low genetic 
diversity of European populations to a genetic bottleneck 
at the time of dispersal. They propose that Western North 
America was the original home of Letharia and that 
European populations are a result of long 
distance dispersal. 

Green algae in the genus Trebouxia 
form the “other part” of the Letharia 
lichen symbiosis. Previously only one 
species of green alga was recognized as a 
Letharia photosynthetic partner. Kroken 
and Taylor (2000) looked for evidence 
of reproductively isolated groups here 
as well, and they found seven Trebouxia 
green algal lineages (numbered Algae 
1-7).  Six of the lineages are closely 
related to each other whereas Alga 7 is 
more closely related to the photobiont of 
Pseudevernia furfuracea than to any other 
Letharia photobionts. This inconsistency 
is evidence that, sometime in its 
evolutionary history, Letharia vulpina
switched its photobiont association from 

an Alga 1-6 type Trebouxia to an Alga 7 type Trebouxia, 
possibly from an unrelated lichen. In addition, Trebouxia
algae were previously considered strictly asexual in 
the lichenized state, but Kroken and Taylor (2000) 
found genetic evidence of sexual reproduction within
the lineage called Alga 1. This further supports the 
hypothesis that Letharia photobionts include a number 
of different species.

These algal fi ndings complicate the Letharia story 
exponentially when one considers which fungal lineages 
are partnering with the various algal lineages. Kroken 
and Taylor (2000) were able to analyze 38 thalli from 
Southern California to Washington State for both their 
fungal and algal components. They found only one algal 
lineage and one fungal lineage per thallus: apparently 
Letharia does not commonly form mechanical hybrids. 
Figure 1 shows the partnership combinations that they 
found. Note that some fungi and algae showed many 
partnership combinations throughout their geographic 
range (e.g. ‘barbata,’ ‘lucida,’ and Alga 1), whereas 
others were always found with the same partner (e.g. 
‘vulpina’ and Alga 7). 

It appears that some lineages are more particular than 
others about the identity of their partners. Comparing the 
two predominantly asexual lineages of Letharia fungi, 
‘vulpina’ forms a mutually exclusive partnership with 
Alga 7, whereas ‘lupina’ has been found with each of 
three different algal lineages. Although ‘lupina’ and 
‘vulpina’ share the same reproductive strategy and are 

Figure 1. Fungal-Algal partnerships in Letharia lichens (compiled from Kro-
ken and Taylor 2000)



35

Second look at Letharia

morphologically similar, they do not appear to share the 
same algal partners, nor do they share the same level of 
specifi city for algal partners. 

The map of Figure 2 shows how the various fungal-
algal partnerships are distributed throughout Kroken 
and Taylor’s Western United States sampling area.  It is 
important to note that any trends may be an artifact 
of the small sample size. Still, it is interesting to 
look at this map in three ways: 
1) From the perspective of the algae. Some algal 

lineages are widely distributed, some appear to 
have only local distributions.  Compare Alga 1 
with Alga 5. 

2) From the perspective of the fungi. Some 
fungal lineages are widely distributed, while 
some appear to have only local distributions. 
For example, ‘lucida’ appears in all three 
states while ‘gracilis’ appears in one narrow 
California valley.

3) From the perspective of the individual 
partnerships. Some partnerships, such as 
‘lupina’/Alga 1, are widely distributed whereas 
most partnership combinations appear only 
once or twice. 

What had appeared to be a simple two-species 
fungal genus with a straightforward geographic 
distribution, has become a network of interactions 
with intriguing geographic structure. 

This new complexity has implications for lichen 
conservation. There are multiple levels of biodiversity 
in symbiotic systems: 1) genetic diversity within 
individual genetic lineages, 2) genetic diversity 
between lineages, and 3) the diversity inherent to 
different partnership combinations. All three levels 
may contribute to the evolutionary longevity of 
lichens. If different partners offer different abilities to 
withstand temperature, light, or moisture extremes, 
the ability to switch partners from generation 
to generation may give lichens some room to 
maneuver under rapid climate change. Alternative 
partners must be alive and available, however, in 
order for ecologically-driven partnership switching 
to remain possible. In tight symbioses such as 
lichens, particular species combinations may be as 
important for conservation as the individual species.  
As we see from the Letharia data, some of these 
combinations may be quite rare.

Are you surprised at the complexity of the Letharia-

Trebouxia symbiosis? We have only begun to explore the 
evolution, ecology, and biogeography of symbiotic species 
complexes such as this one. Detailed, high resolution 
genetic work on both sides of the lichen fungal-algal 
partnership has been crucial to this story. Much more is 
possible with current techniques, but not to the exclusion 
of more accessible practices. A hand lens will not show 

Figure 2.  Each box represents a separate sampling site. 
Compiled from Kroken and Taylor 2000, 2001.
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us all of the important differences between lineages, but 
if we stop looking for such characters, we will surely 
never fi nd them. Before running across Schade’s and 
Kroken and Taylor’s work, I never would have noticed 
that the undersides of Letharia vulpina apothecia are 
sorediate whereas the undersides of Letharia columbiana 
apothecia are not sorediate. I would not have noticed that 
the soredia on Letharia thalli are often really lesions left 
behind by broken off isidia, nor would I have looked so 
carefully for the absence of isidia, a reliable character for 
the Letharia ‘lucida’ lineage. I sense there is still much 
to be seen in Letharia for the discerning eye. I encourage 
you to pick up your hand lens, and join me in taking a 
second look at Letharia!
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