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There have been numerous studies on the effects of fires on lichens in the 
boreal coniferous forests (Ahti, 1977 and references there), but little has been 
done in other vegetational types. Rossman (1977) mentioned the effects of fires 
on Peltigera rufescens in a "biscuit scabland prairie" in Oregon, and Wetmore 
(1965) studied succession after fires in dry ponderosa pine forests in the Black 
Hills, but neither of these studies considered lichens on trees. Brodo (1968) 
discussed the effects of fire on corticolous lichens in pine forests. The present 
study of the effects of ground surface fires on lichens in an oak savanna in east
central Minnesota was done in the Helen Allison Savanna Natural Area, owned 
by The Nature Conservacy and located in Anoka County just south of the Cedar 
Creek Natural History Area, about 35 miles north of Minneapolis. 

The terrain is gently rolling with some low wet areas and some dry knolls 
with sand blowouts. Part of the western end is an abandoned field with only a 
few scattered trees and was not included in this study. The forested oak savanna 
is 550 m in the east-west direction and 410 min the north-south direction with 
bur oak (Quercus macrocarpa ), northern pin oak (Quercus ellipsoidalis ), and 
some scattered green ash (Fraxinus pennsylvanica) and other trees. 

This scantily wooded area was divided into five north-south strips from the eastern 
edge for experimental burning; these strips are called bum units in this report. The northern 
halves of the burn units were burned according to the following schedule every year since 
1962, but the southern halves were intermittently burned between 1962 and 1978. Since 
1978 the complete strips have been burned every year. The eastern burn unit (burn unit 1) 
has been burned almost every year since 1962 and extends from the east fence to about 
9S m. The second bum unit, from 9S m to 126 m, has been burned three out of four years. 
Burn unit three extends from 126 m to 160 m; it has been burned two out of four years. 
Burn unit four extends from 160 m to 180 m and has been burned one out of every four 
years. Burn unit five includes all of the wooded area west of 180 m and has not been 
burned for at least SO years. 

During the first year of this project (1980) a general lichen flora was prepared, 
terricolous lichens were sampled, and 88 trees were randomly selected for study of the 
corticolous lichens. All trees were selected without regard to species, shading, or slope of 
the ground, and circular line transects were laid out along the girths at the base, at 0.7S m 
and at 1.S m above the soil surf ace on the trunks. There were S 2 species of lichens on the 
trees and 13 on the ground (Wetmore, 1981). There was a general trend of reduction in 
lichens on the lower parts of the trees with an increase in fire frequency, but due to inade
quate sampling of trees in some of the burn units and other uncontrolled variables, it was 
determined that a resurvey should be done in 1981 in which only one species of tree would 
be studied and the trees should be matched for shading and ground slope. 

Bur oak is the most common tree, and all sampling was restricted to 20 mature trees 
of this species over 100 cm circumference at breast height, with the exception of one tree 
which was only 88 cm. Trees selected in each burn unit had similar shading from nearby 
trees and were on similar ground slopes. This resulted in one tree in each burn unit with 
southwest shading, one with northwest shading, one with southeast shading and one with no 
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FIG. 1. The most frequently burned portion of Allison Savanna (burn unit 1 ), showing the 
wide spacing of oaks. 

surrounding shade. The 20 trees were marked with a numbered aluminum tag for future 
reference. Three bands around each tree were established for plots. The band at the base 
was 5 cm above the highest point of soil, the mid-band was 0. 75 m above the base band, 
and the top band was 1.5 m above the base band. Four 20 cm X 10 cm permanent plots 
were located in each band (N,E,S,W), and the upper right and lower left corners of each 
plot were marked with 5 cm nails 2.5 mm diameter and 5 cm long made from stainless steel 
welding rod. A transparent plastic overlay sheet was used to establish plot boundaries. In 
each plot the number of thalli and percent cover were recorded for each lichen species, and 
the presence of fire scars and other abnormal features were noted. 

Summaries of lichen occurrence as measured by numbers of species and 
percent cover with regard to degree of shading showed no consistent correla
tions. Summaries of numbers of species and percent cover with regard to com
pass direction on the trunks showed only a slight reduction in both parameters 
on the south side of the tree in some burn units, but in burn unit two the 
maxima also occurred on the south side of the trees. 

Table 1 lists the average cover by species for trees in each burn unit. Table 
2A lists the average numbers of species per band (base, mid, top) by burn unit, 
and table 2B shows the average percent cover by burn unit. These both show 
lower values in the mid- and the base bands compared with the top band as fire 
frequency increases, with the base band showing the lowest values. 

Comparing the percent cover and numbers of thalli of individual lichen 
species in the different burn units shows similar trends. Tables 3, 4, 5 and 6 show 
comparisons for four typical species. All these species show lower values in the 
base band with any fire frequency. Xanthora fa/lax also shows much lower values 
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TABLE 1. Average cover(%) by burn unit and tree band.+=< 1%. BUI= bum unit; B = 
base band; M =mid band; T =top band. 

BUI BU2 BU3 BU4 BUS 

B M T B M T B M T B M T B M T 

Arthonia caesia + + 
Bacidia chlorococca 4 3 
Caloplaca chrysophthalma + + + + + + 
C. flavorubescens 1 + + 5 5 5 
C. microphyllina 1 9 + + 1 + 
C. ulinorum + + 
Candelaria concolor I II 16 + 2 5 + 3 10 + 2 2 + 1 5 
Candelariella xanthostigma + 2 + + + 2 5 + 2 9 1 .13 8 
Hyperphyscia adglutinata 3 5 10 + 1 13 I + 9 3 8 19 8 
H. syncolla 1 
Lecanora impudens + 1 I 
L symmictera + 
Parmelia bolliana + I 2 1 3 6 4 6 10 
P. caperata + 1 1 13 I 
P. flaventior + + + + + 4 15 3 12 30 1 23 8 
P. rudecta + + 1 10 + 1 9 + 7 10 
P. soredica 8 27 
P. sulcata 1 
Phaeophyscia cernohorskyi + + 6 + 2 1 3 s 
P. chloantha I 5 3 1 + + + + 2 2 
P. orbicularis 1 + 1 1 + 1 1 8 
P. rubropulchra 7 8 
Physcia aipolia I I 1 1 
p. americana + I I 3 + 21 9 6 
P. millegrana 1 26 24 1 31 23 + 19 19 18 80 54 36 28 20 
P. stellaris + 
Physconia detersa 2 + s + 6 1 2 
Rinodina papillata + 7 2 1 20 33 + 10 16 15 33 33 15 21 16 
Xanthoria fallax + 1 1 + + + 1 s + + 1 8 9 12 
:X. polycarpa + 

TABLE 2. Occurrence of lichens in base (B), mid- (M) and top (T) bands. 

A. Average number of species 

B M T 

BUI 1.55 4.65 4.87 
BU2 1.55 3.05 4.22 
BU3 1.05 3.82 5.31 
BU4 3.00 4.67 S.21 
BUS S.60 7.02 1.51 
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B. Average cover (%) 

B M 

BUI 2.36 14.67 
BU2 0.90 13.40 
BU3 0.35 10.67 
BU4 13.0S 36.80 
BUS 35.85 36.65 
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TABLE 3. Average cover (%) and average number of thalli per plot in base (B), mid- (M) 
and top en band for Physcia millegrana. + = < 1 %. 

A. Average percent cover B. Average number of thalli 

B M T B M T 

BUI I 26 24 BUI 7 62 52 
BU2 I 3I 23 BU2 I6 83 75 
BU3 + I9 I9 BU3 4 39 49 
BU4 I8 80 54 BU4 60 I44 I20 
BUS 36 28 20 BUS 44 42 45 

TABLE 4. Average cover (%) and average number of thalli per plot in base (B), mid- (M) 
and top (T) band for Xanthoria fallax. + = < I%. 

A. Average percent cover B. Average number of thalli 

B M T B M T 

BUI + I 1 BUI 1 II I2 
BU2 0 + + BU2 0 I 4 
BU3 + I 5 BU3 I IS 50 
BU4 + + I BU4 0 I 10 
BUS 8 9 I2 BUS 39 62 79 

TABLE S. Average cover (%) and average number of thalli per plot in base (B), mid- (M) 
and top <n band for Rinodina papilla ta. + = < I%. 

A. Average percent cover B. Average number of thalli 

B M T B M T 

BUI + 7 2 BUl 0 7 6 
BU2 1 20 33 BU2 I 13 I6 
BU3 + 10 16 BU3 1 11 13 
BU4 IS 33 33 BU4 7 20 22 
BUS 15 21 16 BUS 6 20 12 

TABLE 6. Average cover (%) and average number of thalli per plot in base (B), mid- (M) 
and top en band for Candelariella xanthostigma. + = < 1 %. 

A. Average percent cover 

B M T 

BUl 0 + 2 
BU2 0 + + 
BU3 + 2 5 
BU4 + 2 9 
BUS 1 13 8 
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B. Average number of thalli 

B M 

BUl 0 3 
BU2 0 0 
BU3 0 5 
BU4 0 II 
BUS 3 14 
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in the mid-band with any fire, but Physcia millegrana and Rinodina papillata 
show much less reduction in values in the mid-band. Candelariella xanthostigma 
shows lower values in both the mid- and top bands, especially at higher bum 
frequencies. Most other species show similar trends, but were much less abun
dant in all burn units. 

A few species have higher values in the burned than in the unburned areas 
at most burning frequencies and levels. Phaeophyscia chloantha and Candelaria 
concolor are most notable; table 7 shows the values for the latter. This effect 
may be due to increased sunlight on the trunks, but there is also more wind and 
consequently probably lower humidity. In bum unit 5, which has not been 
burned for more than 50 years, branches occur to very near the bases of trees, 
while in the burned areas low branches are usually not present. Some species 

TABLE 7. Average cover (%) and average number of thalli per plot in base (B), mid- (M) 
and top (T) band for Candelaria con color. + = < 1 %. 

A. Average percent cover B. Average number of thalli 

B M T B M T 

BUI 1 11 16 BUl 15 74 100 
BU2 + 2 5 BU2 5 31 63 
BU3 + 3 10 BU3 12 27 66 
BU4 + 2 2 BU4 6 34 37 
BUS + 1 5 BUS 8 17 28 

that persist in the burned areas, such as Physcia millegrana and Candelaria 
concolor, grow in cracks of bark and might escape some heat of the fire. This 
persistence in the burned areas may be due to a lack of competition from more 
fire-sensitive species or to the protected microhabitat where the species typically 
grow. Some lichens that appear to survive at tree bases in bum units three and 
four may have escaped burning because of the direction of the f rre and may sur
vive several fires until a fire comes from another direction (Brodo, 1968). Also, 
burning has been much less intense and complete some years than others. These 
data, therefore, cannot be used with confidence to estimate the rate of lichen 
colonization of the tree trunks. 

A few species might be eliminated by repeated frres. Caloplaca 
flavorubescens is moderately abundant in the unburned unit, but almost absent 
in burned areas. Phaeophyscia rubropulchra occurs mainly at the base of trees in 
the unburned unit and is absent in all burned units except unit 4. Lecanora 
impudens is the only species that seems to be completely absent from all the 
burned units, but this may not be significant since it is rare even in unburned 
unit 5. 

An important factor in the occurrence of lichens in this study is the 
presence of the basidiomycete Aleurodiscus which grows on the bark and digests 
the surf ace. This fungus infects Quercus, and in the Allison Savanna Q. macro
carpa is much more heavily damaged by it than the other oaks. On trees heavily 
infected with Aleurodiscus there are few lichens, even in unburned areas. Some 
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irregularity of the data in the tables is due to this factor. A different tree species, 
less damaged by Aleurodiscus, might have provided less conclusive results be
cause different trees do not have the same lichens. In this study area more 
species occur on the bur oak than on the northern pin oak, and this can be 
related to bark texture, pH, and moisture holding capacity (Hale, 1955; Brodo, 
1968; Barkman, 1958). The ash trees on the tract have bark texture similar to 
that of bur oak and also have many lichens and are not infected by Aleurodiscus, 
but they are not abundant or evenly distributed enough to be able to match 
trees in all bum units. Northern pin oak was also not chosen for this survey 
because it is much less abundant and has fewer lichens. 

The tables showing numbers of thalli and those showing percent cover do 
not agree in all cases. The number of thalli in several species which produce 
separate lobes or squamules (such as Physcia and Candelaria) o~ grow as dis
continuous thalli (Rinodina papillata which grows mainly in bark cracks) is not 
as reliable as percent cover of such species. The absolute numbers of thalli can
not be reliably determined in many cases, even if all the counting is done by one 
person (as in this study). 

The results of the second study generally agree with those from the 1980 
study, but the advantage is that several of the variables have been eliminated; the 
disadvantages are that more time consuming sampling techniques necessitated 
sampling fewer trees so that the effects of a single tree with heavy disturbance or 
abnormal growth or with bark heavily infected with Aleurodiscus introduce 
significant variation in the results. 

I wish to thank Thomas Trana for doing most of the field work, Dr. Donald Lawrence 
for assistance and suggestions, and Dr. Irwin Brodo for comments on the manuscript. This 
work was supported by a grant from the Minnesota Chapter of The Nature Conservacy. 
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