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Abstract 
The anatomical (thickness of layers of fungal and algal symbionts) and ecophysiologi-
cal parameters (the content of photosynthetic pigments) of two lichen species (Hypo-
gymnia physodes and Umbilicaria hyperborea) from rocky forest communities of north-
ernmost boreal zone (North-West of Russia) were studied. H. physodes is a lichen with 
foliose thallus morphology and circumpolar distribution which colonizes almost every 
substrate. U. hyperborea is strictly epilithic lichen with umbilicate type of thallus mor-
phology and arcto-alpine distribution. Despite the fact that the photobiont in two species 
are closely related taxa (unicellular green algae of the genus Trebouxia) a high variabil-
ity of photosynthetic pigments content in H. physodes thalli has been revealed, whereas 
in U. hyperborea, the mycobiotic showed high structural variability. It can be concluded 
that both mycobiont and photobiont contribute to their adaptation to environmental fac-
tors. In the present study it was obtained that the proportion of variation in anatomical 
structures and the content of photosynthetic pigments probably less depends on taxono-
mic position of photobiont and more determined by the plasticity of the individual com-
ponents of the symbiotrophic organism. 
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Introduction     
 
     Lichens are symbiotic organisms which 
represent the successful mechanism of evo-
lutionary adaptation, in which the photo-
biont provides carbon for both bionts while 
mycobiont protects it from high solar ir-
radiance and other external factors (Gadd  

2011). Being the pioneer organisms in pri-
mary succession on the mineral substrates, 
lichens dominate about 6% of the Earth's 
surface. They are particularly well distrib-
uted in polar regions where they play an 
important role in biogeochemical cycles. 
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They promote organic matter accumula-
tion over the surfaces as well as the early 
stages of soil formation (Nash 2008). 
     Lichens are actively used as model sys-
tems in astrobiological studies, studying 
the limits of eukaryotic symbiosis in a va-
riety of critical environmental conditions 
(de Vera 2012, Meeβen et al. 2013). There-
fore, studies of adaptive properties of the 
lichen associations are of current interest 
in science. According to Usmanov et al. 
(2001), adaptation is a set of morpholog-
ical, physiological and biochemical prima-
ry adaptive responses, providing the pos-
sibility of species-specific survival of the 
organism under the action of vertical and 
horizontal biotic interactions, as well as 
unfavorable for this type of environmental 
conditions. Adaptation reflects, on the one 
hand, the stability of biological systems (in 

this case it is a lichen system) to environ-
mental conditions, and on the other hand, 
the process of adaptation of living organ-
isms to constantly changing environmen-
tal conditions. Lichens are well adapted to 
extreme environmental conditions, as evi-
denced by the increase in their species 
diversity in the Arctic zone [1]. The com-
bination of adaptive properties of the fun-
gus and high productivity of algae pro-
vides the symbiotrophic organism with 
new adaptive properties, which its compo-
nents do not individually possess (Gielwa-
nowska et Olech 2012).  
     The aim of present study is to analyze 
the morphological and ecophysiological pa-
rameters of lichen species of different eco-
logical groups from northernmost boreal 
forests in Karelia (NW-Russia).  

 
Material and methods 
 
Lichen species 
 
     The objects of the study were two li-
chen species Hypogymnia physodes (L.) 
Nyl. and Umbilicaria hyperborea (Ach.). 
H. physodes is one of the circumpolar wide-
spread epiphytic lichen species belonging 
to the family Parmeliaceae Eschw. It is a 
foliose species with narrow lobes and pla-
giotropic type of growth which is attached 
to the substrate by the rhizins of the lower 
cortex layer. Upper surface of the dorso-
ventral thallus is glossy, grey and the low-
er surface is black. This species colonizes 
almost every substrate and it is known as 
mesophyte-hygrophyte, moderate photophi-
le, acidophilic, toxitolerant species (Wirth 
et al. 2013). In coniferous forests of Karelia 
this lichen is an absolute dominant of the 
trunks of the main forest-forming tree spe-
cies. A wide distribution of H. physodes 
allows to study it in a wide range of dif-
ferent habitat conditions in order to inves-
tigate the adaptive properties of this lichen. 
U. hyperborea belongs to Umbilicariaceae 
family. Umbilicariaceae Cheval. family is 

an isolated group of lichenized Ascomyce-
tes with an uncertain systematic position 
(Davydov et Zhurbenko 2008). Most spe-
cies thrive well on the rock surfaces, main-
ly in polar and mountain areas of Russia. 
U. hyperborea is a widespread species in 
the Arctic region (Davydov 2004). U. hyper-
borea is obligatory epilithic with umbili-
cate foliose dark brown or black thalli and 
is characterized by the presence of gom-
phus which attaches the thallus to the sub-
strate. It does not have any vegetative prop-
agules and mature thalli have gyre apo-
thecia. The studied species are character-
ized by heteromeric anatomical structure 
of thallus.  
     The photobiont of both lichen species is 
a green unicellular alga of an undescribed 
Trebouxia: for H. physodes it is related to 
T. jamesii subsp. angustilobata and provi-
sionally named as T. hypogymniae (Hauck 
et al. 2007), for U. hyperborea – T. jamesii 
(Jones et al. 2013) 
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Study area 
 
     The field work was carried out in the 
territory of the Kostomuksha Nature Re-
serve (64°19ʹ–64°35ʹ N, 30°38ʹ–30°03ʹ E, 
49.276 ha) which is located in northern-
most boreal zone. The area is located with-
in the Baltic Shield, on the eastern slopes 
of the West Karelian Hills. The terrain is 
flat with low hills covered with forest and 
wetlands. In the reserve, 60% of area is 
covered by forests with Pinus sylvestris 
dominanting the stands (85%, Gromtsev 
2009). A dominant feature of the reserve 
is Lake Kamennoye ("Stone Lake"), which 
makes up to 20% of the reserve area. 
There are also 250 small lakes, and 12%  
of the reserve is covered with marshlands. 
     The Kostomuksha Nature Reserve is 
located in the Atlantic-Arctic climatic re-
gion of the temperate zone. Characteristic 
features of the climate are mild winters, 
cool summers and high humidity with max-
imum values (86–92%) from November to 
December (Dorshakova 2004). The average 
monthly air temperature is -13.3°C in Jan-
uary and + 16.5°C in July. The duration of 

the frost-free period is 85–90 days. The 
average annual rainfall is about 500 mm. 
Winter lasts from 175 to 185 days, the 
depth of the snow cover reaches 70–80 cm 
[2]. 
     A total of 4 sample plots 25×25 m were 
established in rocky pine forest communi-
ties. A detailed geobotanical description  
of the studied community was made for 
each sample plot including trees (height, 
age, basal area, crown density etc.) and the 
ground cover characteristics (shrub and 
herb cover, mosses and lichen cover) (Ta-
ble 1) (Jarmishko et Ljanguzova 2002). 
The time-since-disturbance of the studied 
forest communities was 90–150 years and 
was evaluated based on the analysis of 
cores extracted with an increment borer 
from living pine trees damaged by fire in a 
radius of 50–100 m from the territory of 
the each sample plot. The time since the 
last fire was accounted as the difference 
between the current tree age and its age at 
the moment of cambium damage (Jarmish-
ko et Ljanguzova 2002).  

 
Sampling design 
 
     Lichen thalli of U. hyperborea were 
selected in the places with a high abun-
dance of the studied species (80-100% cov-
erage) on the stone surfaces (Table 1). We 
collected thalli of two age groups, which 
differed in size and morphological struc-
ture. The first group was characterized by 
thalli under 1 сm in diameter and the pre-
sence of young apothecia. The second 
group was represented by mature thalli 
having over 1 сm in diameter and the pre-
sence of true gyre apothecia. In this study, 
old thalli (deformed by physical factors) 
were not considered. Altogether, there were 
6 sets of samples of lichen thalli collected 
(each set contained 10–20 thalli). The total 
sample size was 112 thalli. 

     The samples of H. physodes were col-
lected from the northern side of the pine 
trunks and were also divided into 2 groups. 
The first group was represented by young 
thalli, smaller than 2 cm, with single sore-
dia. The second group contained mature 
thalli, larger than 2 cm, with a high degree 
of soredia cover over the thalli. All the 
collected thalli were sterile. The total set 
of collected sample had 152 individual 
thalli. 
     To study anatomical characteristics of 
thallus, standard methods of optical micro-
scopy were used (see Sonina et Tsunskaya 
2016). Anatomical features of thalli were 
studied using a light microscope (Axio 
Scope A1, Carl Zeiss, Germany). Totally, 
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more than 1000 anatomical slices of thalli 
and 3500 measurements of cross sections 
were made. 
     Anatomical sections through the thalli 
of studied species were located in the mid-
dle part, excluding the marginal zone and 
the zone around the gomphus. Fungal lay-
ers were clearly distinguished in the ana-
tomical structure (the upper cortex layer, 
the lower cortex, medulla, total thickness 
of the thallus) as well as the algal layer. 
During the preparation of the cross sec-
tions of H. physodes, lower cortex sepa-
rates from the thallus, therefore lower cor-
tex layer thickness was not measured. 
     Based on mass and area measurements, 
specific thallus mass (STM) was calcu-
lated for each individual as STM = DM/A 
(mg/cm2) (DM – dry weight of thallus,     
A – thallus area) following Gauslaa et Cox-
son (2011). The air-dry mass of thallus 
was determined by weighing on a scale 

(OHAUS Discovery DV215CD, Switzer-
land). The thallus area was measured by 
scanning and calculated by using the pro-
gram “Autocard”. 
     Determination of photosynthetic pig-
ments concentration was done by ethanol 
extraction method. Optical density of the 
extracts was measured by a SF-2000 spec-
trophotometer (Spectr, Russia) at the ab-
sorption maxima in 665 and 649 nm for 
chlorophyll a and b, and pigment contents 
calculated according to (Sapozhnikov et  
al. 1978, Lichtenthaler et Wellburn 1983, 
Maslova et Popova 1993). Determination 
of carotenoids exploited the absorption val-
ue at 470 nm with an adjustment for the 
shift of the absorption spectra. The con-
centration of carotenoids was calculated 
using the equations of Lichtenthaler et 
Wellburn (1983). The contents of photo-
synthetic pigments were as means using    
3 biological and 9 analytical replicates.  
 

Coverage  (%) № 
sample 
plots 

GPS 
N/ E 

Time-
since- 

disturbance 
(years) 

Herb- 
shrub  
layer 

moss-
lichen 
layer 

Basal 
area,  

(m2 ha-1) 
 

Crown 
density, 

(%) 

Tree  
stand 

Age of 
pine 
trees, 
years 

Hср, 
(m) 

Dср, 
(cm) 

1 64°50' –
34°23' 90 76 24 26.0 51 100P 91-119 16 28 

2 64°33' – 
30°20' 140 85 42 31.7 57 

87P 
28S 
5B 

75-297 16 29 

3 64°33' – 
30°20' 120 95 39 30.7 61 

88P 
6S 
6B 

65-300 17 31 

4 64°33' – 
30°19' 120 85 52 31.0 55 

90P 
5S 
5B 

67-310 14 26 

 
Table 1. Main characteristics of studied pine forest communities in the northernmost taiga of 
Republic of Karelia. Notes: tree stand composition (% from basal area): P – pine, S – spruce,          
B – birch. 
 

 
Data processing and statistical analysis 
 
     Data processing was done by one-way 
ANOVA using Excel (Ivanter et Korosov 
2010). A preliminary analysis of the distri-
bution of signs of lichen thalli (the width 
of the anatomical layers) revealed the ab-
sence of a normal distribution in individual 

compared samples. After transforming the 
values using logarithm, the distribution of 
the trait was obtained close to normal. The 
distribution of logarithms of anatomical 
indicators of lichen thalli was analyzed. 
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     Tables 2 and 3 show the mean values 
(M) of anatomical layers thickness in li-
chen thalli and the median (Me) loga-
rithms of the layer thickness. Study of re-
lationships between the parameters of the 
photosynthetic complex (the concentration 
of photosynthetic pigments) and the width 
of anatomical layers of U. hyperborea and 

H. physodes was accomplished using cor-
relation and regression analysis. 
     Level of a variation of parameters was 
estimated using coefficient of variance 
which is calculated as CV = σ/M*100%, 
where σ – a standard deviation, M – an 
arithmetic average (Ivanter et Korosov 
2010). 

 
 
Results  
 
Structural features of thallus 
     
     Anatomical studies have shown that all 
layers in the thalli of two lichen species stud-
ied vary within a wide range (Table 2, 3). 
Coefficient of variance (CV) in H. physo-
des samples varied in the range of 19–37% 
in all the thalli collected, with the thick-
ness of the algal layer being most variable 
(CV = 37%) (Table 2). Comparing the two 
age groups, the large variability (CV) in the 
thickness of the layers were apparent in 
young H. physodes thalli. Contrastingly, the 
upper cortex layer and thallus thickness in 
mature thalli were much more stable (CV 
below 30%) with increasing variability of 
the algal layer thickness (CV = 41%). The 
algal layer made up 30–40% of the thallus 
thickness. With an increase in thickness of 
the lichen thallus for this species, the pro-
portion of algal layer to thallus thickness 
increased as well. No significant difference 
in photobiont layer thickness (one-way 
ANOVA) was found between young and 
mature thalli of H. physodes (Table 2). The 
proportion of the algal layer was slightly 
higher in mature thalli. 
     Within the samples of U. hyperborea the 

thickness of individual layers also showed 
the high variation (CV from 26 to 49%). 
The thickness of the upper cortex layer and 
medulla which are both formed by the fun-
gal symbiont varied more than algal layer 
(Table 3). In two groups of thalli medulla 
thickness (CV = 53%) and the upper cor-
tex layer thickness (CV = 40%) varied con-
siderably in young thalli. The thickness of 
all anatomic structures stabilized in mature 
thalli (CV from 18 to 27%) (Table 3), ex-
cept for the thickness of the upper cortex 
layer, which showed an equally high level 
of variability in the three studied samples 
(CV = 40%). Algal layer thickness was 
characterized by less variability in this 
species (CV = 30% in young, CV = 21% 
in mature). The proportion of algal layer in 
the thalli of U. hyperborea was 30–40% 
and did not show any relation with thallus 
thickness. According to the ANOVA re-
sults, comparison of the anatomical struc-
tures of young and mature thalli resulted in 
significant differences in thallus thickness, 
algal layer, medulla and lower cortex layer 
thicknesses (Table 3). 

 
 
Content of photosynthetic pigments 
 
     Analysis of photosynthetic pigments of 
two lichen species showed that U. hyper-
borea has a 2-fold higher values of photo-
synthetic pigments content, in particular 
chlorophyll a and carotenoids, compared to  

the thalli of H. physodes (Tables 4, 5).  
     According to one-way ANOVA, the dif-
ference between pigment contents in ma-
ture and young thalli of H. physodes was 
significant (p <0.01) (Table 4). 
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Thalli 
groups 

TT (μm) 
М±σ 

UC (μm) 
М±σ 

AL (μm) 
М±σ 

Propotion of algal 
layer (%) М±σ 

H. physodes 288.5±70.4 45.1±8.2 117.3±40.8 43.1±9.4 

CV (%) 25 19 37 23 

Young thalli 221.97±90.4 35.7±9.6 77.2±30.4 31.4±12.1 

CV (%) 41 28 39 36 

Mature thalli 202.71±54.3 35.8±8.4 68.5±28.2 35.6±7.2 

CV (%) 27 22 41 21 

p 0.72 0.28 0.33 0.03* 
 
Table 2. Thickness of anatomical layers of thalli of Hypogymnia physodes.  
               Notes: TT – thallus thickness, UC – upper cortex, AL – algal layer, μm – micrometer;     
               M – mean (n=60), σ – a standard deviation,  p – significance level (* – p < 0,05,  
               ** – p < 0,01, *** – p < 0,001). 
 
 

Thalli 
groups 

 

TT (μm) 
М±σ 

UC (μm) 
М±σ 

AL (μm) 
М±σ 

MED 
(μm) 
М±σ 

LC (μm) 
М±σ 

Part of 
algal 

layer (%) 
М±σ 

U.hyperborea 151.1±43.7 10.6±4.3 49.7±13.8 73.7±35.9 17.0±4.4 34.1±10.1 

CV (%) 29 40 28 49 26 30 

Young thalli 119.4±26.3 10.4±4.2 43.4±12.9 49.5±26.4 16.1±4.2 37.5±13.2 

CV (%) 22 40 30 53 26 35 

Mature thalli 182.8±33.4 10.8±4.4 56.0±11.7 97.9±26.7 18.0±4.5 30.8±4.6 

CV (%) 18 40 21 27 25 15 

p 0.00*** 0.6 0.00*** 0.00*** 0.02* 0.2 
 
Table 3. Thickness of anatomical layers of thalli of Umbilicaria hyperborea. 
               Notes: TT – thallus thickness, UC – upper cortex, AL – algal layer, MED – medullae,  
               LC – lower cortex, μm – micrometer; M – mean (n=60), σ – a standard deviation,  
               p – significance level (* – p < 0.05, ** – p < 0.01, *** – p < 0.001). 
 
 
     There were significantly less photosyn-
thetic pigments in young thalli than in 
mature ones, while the thickness of the 
algal layer in these groups did not differ 
(Table 3). Meanwhile, the Chl a/b ratio 
changed slightly (1.5–1.6) between age 
groups. 
     Significant differences between the a-
mount of photosynthetic pigments in young 
and mature thalli were revealed for U. hy-
perborea (Table 5). The higher pigment 

amount was contained in young thalli than 
in mature ones. Moreover, the content of 
all photosynthetic pigments significantly 
varied in the samples of young thalli of   
U. hyperborea (CV from 31 to 70%). In 
mature thalli, only the content of chloro-
phyll a and carotenoids stabilized (CV 23% 
and 19%, respectively). The ratio of chlo-
rophylls to carotenoids was stable (CV – 22 
–23% in three samples) and varied within 
a narrow range (2.7–2.8). 
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 ∙

c
m

-2

Content of photosynthetic pigments (mg / g dry mass) 
Species 

Chl a Chl b Chl (a+ b) Car a/b a+b/car 

H. physodes 0.06±0.01 0.04±0.01 0.11±0.02 0.04±0.01 1.6 2.9 
CV (%) 24 36 26 32 18 50 
Young thalli 0.05±0.004 0.03±0.01 0.09±0.02 0.03±0.01 1.6 2.7 
CV (%) 31 33 33 32 13 29 
Mature thalli 0.07±0.001 0.05±0.01 0.12±0.01 0.05±0.01 1.5 3.1 
CV (%) 7 32 16 23 21 62 
p 0.00** 0.00** 0.00** 0.00** - - 

 
Table 4. Content of photosynthetic pigments in thalli of Hypogymnia physodes.  
               Notes: ** – significance level (р<0.01). 
 

Content of photosynthetic pigments (mg / g dry mass) 
Species 

Chl a Chl b Chl (a+ b) Car a/b a+b/car 
U.hyperborea 0.14±0.04 0.04±0.03 0.19±0.07 0.07±0.02 4.2 2.8 
CV (%) 31 64 38 31 54 22 
Young thalli 0.16±0.05 0.05±0.03 0.21±0.07 0.07±0.03 3.6 2.8 
CV (%) 32 54 36 36 49 22 
Mature thalli 0.12±0.03 0.03±0.02 0.15±0.05 0.06±0.01 5.1 2.7 
CV (%) 23 70 32 19 51 23 
p 0.02* 0.03* 0.02* 0.03* 0.02* 0.3 

 
Table 5. Content of photosynthetic pigments in thalli Umbilicaria hyperborea. 
               Notes: * – significance level (р<0.05). 
 

 
 

Fig. 1. Specific lichen thallus mass (STM) in young and mature thalli of Hypogymnia physodes 
and Umbilicaria hyperborea.  
 



A. V. SONINA et al. 

193 

Specific thallus mass 
 
     STM [mg (dry weight) ∙ cm−2] calcu-
lated for young and mature H. physodes 
thalli differed between young and mature 
thalli: 9.6±1.5 and 12.3±2.1, respectively 
(p=0.009**) (Fig. 1). The STM values for 
young and mature thalli of U. hyperborea 

were significantly different (p=0.007**): 
13.2±2.8 – for young and 22.6±1.6 for ma-
ture thalli. Thus, values of STM in mature 
thalli of U. hyperborea were almost 2-fold 
higher than in thalli of H. physodes. 

 
 
Discussion 
 
     Current study shows there are signifi-
cant differences in the anatomical parame-
ters and content of photosynthetic pigments 
in two species of lichens of different bio-
morphs and ecological groups. Such dif-
ferences may be indicative of different 
ways of adaptation of the studied species 
to environmental conditions. It is known, 
that the variations in the thickness of the 
thallus layers of H. physodes with micro-
climate might be related to the alterations 
in pseudotissue formation which contrib-
utes to the adaptive ability of lichens (Hy-
värinen 1992). Variations in the thickness 
of the thallus layers as well as in the con-
tent of photosynthetic pigments were found 
in samples of H. physodes (Table 2, 4). 
The thickness of the algal layer and the 
content of photosynthetic pigments in-
creased from young to mature thalli of    
H. physodes. Obtained values of total con-
tent of photosynthetic pigments in thalli of 
H. physodes in northernmost boreal forests 
is much lower in comparison with the spe-
cies samples from southern habitats (mid-
dle and southern boreal subzone). For south-
ern boreal forests the following values of 
pigments were reported (mg·g-1 dry mass): 
chl a – 0,483, chl b – 0,229 (Khramchen-
kova 2017), chl a – 0,421, chl b – 1.042 
(Androsova et al. 2008). 
     Obtained values of high chlorophyll b 
content, as evidenced by the chlorophyll 
a/b ratio, which is 1.5-1.6, are notable fea-
tures of the photosynthetic apparatus of   
H. physodes. Such increase in the propor-
tion of chlorophyll b in photosystems may 

indicate its photoprotective role. It was dem-
onstrated for different photosynthetic ob-
jects that with increasing insolation the 
amount of chlorophyll b increases in the 
chlorophylliferous tissues of the plant as 
well as its relative amount in the sum of 
chlorophylls (Rosevear et al. 2001). The 
participation of chlorophyll b in the rear-
rangements of the antenna complexes of 
photosystems is well known (Eggink et al. 
2001), and it was shown that the level of 
biosynthesis of the main proteins of the 
photosynthetic antenna depends on the lev-
el of biosynthesis of chlorophyll b (Tanaka 
et Tanaka 2000). 
     The upper cortex of H. physodes has 
ash-gray color without dark pigments, such 
as melanin, which performs a solar radia-
tion screening function (Färber et al. 2014). 
It is not established whether the photobiont 
cells are screened by the presence of color-
less secondary substances (atranorin) in the 
upper cortex layer (Solhaug et al. 2009). 
Perhaps the photobiont in this case, show-
ing a high plasticity (variability of the thick-
ness of the algal layer and variation in the 
content of pigments), realizes its contribu-
tion to the adaptation of the complex or-
ganism to the environmental condition, 
which is reported in some studies for dif-
ferent lichen species (Sadowsky et Ott 
2016, Sonina et al. 2017). 
     Distinguished data on anatomy and 
physiology were obtained for U. hyperbo-
rea species. It was found that the thickness 
of the thallus increases mainly due to in-
crease in the fungal layers (medulla, lower 
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cortex) and also algal layer from young to 
mature thalli (Table 3). Medulla thickness 
in the young thalli as well as the upper 
cortex in young and mature thalli were 
more variable, while the algal layer show-
ed a lower range of variation. This demon-
strated the significant role of the myco-
biont in adaptation of thallus thickness to 
external environmental conditions. The ob-
tained data are consistent with the litera-
ture on the important role of the myco-
biont in lichen adaptation (Färber et al. 
2014). Interestingly, the proportion of chlo-
rophyll b in chlorophyll a/b ratio (4–5) 
were significantly lower compared to      
H. physodes (Table 4, 5). This data are con-
sistent with results of anatomical study. In 
this case, photosynthetic pigments (chlo-
rophylls and carotenoids) perform light-
harvesting function, while the protective 
role is assumed to be performed by the 
mycobiont. This is revealed in the struc-
ture, by varying the anatomical layer of 
mycobiont, and also its functional features 
(the presence of dark pigments – melanin) 
(Bagmanyan et al. 2014). 
     The young and mature thalli of H. phy-
sodes and U. hyperborea have different 
morphological characteristics and belong 
to different ontogenetic states. A compari-
son anatomical structure and the content of 
photosynthetic pigments between these age 
group of two studied species established 
differences. For thalli of H. physodes the 
differences between the anatomical layers 
in lichen thallus were not significant, 
while the content of photosynthetic pig-
ments was significantly different (contri-
bution of the algal layer to functioning of 
symbiotic organism). The thickness of the 
layers did not differ in the age groups 
(Table 2) while the thickness of the algal 
layer varied considerably (CV > 30%). Sig-
nificantly more photosynthetic pigments 
were found in mature thalli (Table 4). 
These data emphasize the stability of the 
anatomical layers formed by the myco-
biont, and also indicate the great plasticity 

of the algal symbiont, both structural and 
physiological. 
     For U. hyperborea species, the thick-
ness of the thallus and anatomical layers 
increased from young to mature thalli 
(Table 3) and the content of photosynthetic 
pigments significantly decreased in this 
direct (Table 5), while the thickness of the 
algal layer varied slightly (CV < 30%). The 
change in the thickness of the mycobiont 
layers can cause changes in the production 
of lichens secondary metabolites (tridepsi-
des – gyrophoric, umbilicaric and dipsides 
– lecanoric acids) (Posner et al. 1992) 
which related to decline of algal biont 
growth in lichen thallus. Hager et al. 
(2008) found out the inhibition of the 
growth of algal cells of Trebouxia jamesii 
by barbatic acids in thallus of Heterodea 
muelleri (Hampe) Nyl. This property of 
secondary lichen acids might be one of the 
possible explanations of the decrease of 
photosynthetic pigments content in thalli 
U. hyperborea in current study.  
     Comparative analysis of the two stud-
ied species showed that thickness of the 
upper cortex layer differs significantly in 
H. physodes and U. hyperborea, there are 
it almost 4 times thinner in Umbilicaria 
samples (Table 2, 4). The lower thickness 
of the upper cortex layer in dark-colored 
U. hyperborea due to presence of brown 
cortical pigment melanin provides a better 
thermal regime and protection for the algal 
layer (Byazrov 2002, Atala et al. 2015). 
Thus, adaptogenic role of the mycobiont in 
the symbiotic organism may affect both 
structural (varying of layers) and functional 
(content of melanin) characteristics. 
     Specific thallus mass (STM, biomass 
per unit area) is an important functional 
indicator. In fact, lichens can improve their 
water economy by increasing their specific 
thallus mass, especially by thickening the 
photobiont layer (Gauslaa et Coxson 2011). 
Lichens of Umbilicaria genus prefer open 
habitats (Purvis et al. 1992), belong to he-
liophytes. Higher values of STM, especial- 
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ly for mature thalli can provide higher wa-
ter holding capacity. H. physodes species 
is related to wet and shaded habitats and 
characterized by rather high sensitivity to 
changes in humidity conditions (Hyväri-
nen 1992, Androsova et al. 2009). Obtain-
ed data on STM for this species are sig-
nificantly lower than for U. hyperborea, 
which suggests its ecophysiological signif-
icance in lower water holding capacity in 
H. physodes. 
     Despite the fact that the photobiont in 
two species are closely related taxa (uni-
cellular green algae of the genus Trebou-
xia) a high variability of photosynthetic 

pigments content in H. physodes thalli has 
been revealed, whereas in U. hyperborea, 
the mycobiotic layers showed high struc-
tural variability. It can be concluded that 
both mycobiont and photobiont contribute 
to their adaptation to environmental fac-
tors. In the present study it was obtained 
that the proportion of variation in anatom-
ical structures and the content of photo-
synthetic pigments probably less depends 
on taxonomic position of photobiont and 
more determined by the plasticity of the 
individual components of the symbiotroph-
ic organism.  
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