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Abstract Monitoring of air quality using lichens as
bioindicators on the basis of lichen diversity and fre-
quency is limited along rural–urban ecosystems in tro-
pics. This study attempted to assess and correlate the use
of corticolous lichens with atmospheric SO2 and NO2 in
such an ecosystem in Sabaragamuwa Province in Sri
Lanka. Nine sampling locations, each having three sub-
sampling sites with 162 Mangifera indica and Cocos
nucifera trees, were selected for the study. The coverage
and frequency of lichens found on selected trees were
recorded by 400-cm2 grids and identified using taxo-
nomic keys. SO2 and NO2 levels at each site were
determined by BOgawa^ passive air samplers. Data of
lichen diversity were used to formulate the index of
atmospheric purity (IAP). The environmental parame-
ters related to lichen colonization were measured using
standard methods. Data were analyzed using MINITAB
17. Themapping of spatial distribution of lichens and air
pollutants were done using inverse distance weighting
surface interpolation of geographical information sys-
tem based on IAP values. A negative correlation was
observed between IAP and SO2 and NO2 levels. The
presence of the genus Pyxine in almost all urban sites
indicated that it could be used as a reliable pollutant
tolerant indicator in urban ecosystems. In addition, the
index-based mapping techniques could be used

successfully to see the effect of atmospheric pollution
in urban ecosystems. These results conclude that
corticolous lichens have the potential to be used as
bioindicators of air quality monitoring along rural–
urban ecosystems of tropics.

Keywords Bioindicators .Corticolous lichens . Indexof
atmospheric purity (IAP) . Pyxine . Surface interpolation

Introduction

Air quality monitoring is a systematic approach for
studying the condition of the atmosphere, and it is the
key component of air quality management. The concen-
tration of pollutants and other parameters related to
pollution describe the quality of the atmosphere. Mon-
itoring and quantification of diverse atmospheric pollut-
ants are usually done by means of physicochemical
methods (Matusmoto and Mizoguchi 1995). Although
these methods provide accurate and reliable data, the
instruments required for such assays are expensive and
do not provide monitoring at high intensity levels across
large areas at different locations (Attanayaka and
Wijeyaratne 2013). Nevertheless, biomonitoring is an
appropriate tool for assessing the levels of atmospheric
pollution (Smodis and Parr 1999). For this purpose,
bioindicators are commonly used for the identification
and qualitative determination of the levels of atmospher-
ic pollution (Tonneijck and Posthumus 1987).

Among various bioindicators, lichens could be con-
sidered as a better group of organisms for air pollution
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monitoring (Ferry et al. 1973). Lichens are found from
the tropics to polar regions, in built-up areas and even in
extreme environments where a separate mycobiont and
photobiont would be rare or non-existent (Weerakoon
2015). Monitoring the pollution status or health of the
ecosystems using lichens has been carried out exten-
sively for several decades, and a large body of literature
has been published especially in temperate regions.
Nevertheless, in tropical climates, limited information
is available with regard to lichen diversity and air qual-
ity. Most of these limited researches have also been
confined to forest ecosystems. Sri Lanka is one of the
smallest, but biologically diverse countries in South
Asian region. Consequently, it is recognized as a biodi-
versity hotspot of global and national importance. The
availability of remarkable number of species of lichens
in rural ecosystems is very much interesting. Neverthe-
less, urbanization followed by traffic congestion have
contributed to the degradation of ambient air quality in
many urban ecosystems. Thus, the present study was
planned to assess and correlate the use of corticolous
lichens as a potential biomonitoring tool in the estima-
tion of atmospheric SO2 and NO2 along a rural–urban
ecosystem in the Sabaragamuwa Province in Sri Lanka.

Methodology

Study area and subsampling sites

The study area was Kegalle urban council area (betweenN
070 42.622/ E 0790 49.072/ and N 070 15.335/ E 0800

20.410/) which is located in the Kegalle District in
Sabaragamuwa Province, Sri Lanka. Nine study sites were
selected randomly considering vegetation cover, land use
patterns, and vehicular traffics. Selected sites covered ur-
ban, semi-urban, and rural ecosystems (Fig. 1). The sam-
pling area of each site was about 0.25 km2, and all the sites
were located within the same climatic zone. Each site
consisted of three subsampling sites.

Lichen sampling

A total of 162 individual trees (81Mangifera indica and 81
Cocos nucifera) was mapped covering all three ecosys-
tems usingGARMIN (etrex 10)GPS.A400-cm2 (20 cm×
20 cm) transparent quadrate was placed randomly at north
and south directions at 1.5m height of the bole of each tree
which had a diameter at breast height (DBH) greater than

10 cm to quantitatively determine the coverage and the
frequency of lichens on vertical trees. The number of
lichen species observed within the grid and the number
of grid units in which a particular species was observed
were counted. Lichen species with a diameter less than
3 mm were not recorded. The lichen collection was stored
in 20 °C in a laboratory of the Department of Zoology and
Environmental Management, University of Kelaniya, for
identification.

Identification of lichens

The specimens were identified up to generic level and
where possible to species level using several field keys
(Weerakoon 2015; Wolseley and Chimonides 2007;
Bungartz et al. 2010; Awasthi 1988, 1991; Barkman
1958). Microscopic observations of freehand sections
of thallus and fruiting bodies were also made in order to
follow the keys. Some lichen species were identified by
extensive matching with correctly identified specimens
deposited at the National Herbarium, National Botanic
Gardens, Peradeniya-Sri Lanka.

Species richness and total abundance

Species richness is the total number of species in an
assemblage or a sample while total abundance is the total
number of individuals of all species recorded within the
study area (Colwel 2009). Thus, species richness was
determined using the number of lichen species observed
within the grid and the number of grid units in which a
particular species was observed. The total abundance was
estimated for each site separately by adding all the indi-
viduals of each species present in the particular site.

Species diversity and evenness

Lichen diversity of each site was determined using
Shannon’s diversity index, and the distribution of indi-
viduals of a species was determined using Pielou’s
evenness index.

Shannon–Wiener diversity index (H′)

H
0 ¼ −∑s

i¼1 Pið Þx lnPið Þf g
where
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Pi The proportion of individuals in the Bith^ taxon of
the community

s Total number of taxa in the community

Pielou’s evenness index (J)

J ¼ H
0

logS

where

H1 Shannon–Wiener diversity index
S The number of species in the community or

species richness

Index of atmospheric purity

The index of atmospheric purity (IAP) gives an evalua-
tion of the level of atmospheric pollution, which is based
on the number (n), frequency (f), and tolerance of the

lichens present in the area under study. The IAP values
were calculated as described by Conti (2008):

IAP ¼ 1

10
∑n

i¼1 Qi� fið Þ

where

n Number of species recorded
Q Ecological index (the average number of species,

which coexisted with each species)
f Cover or frequency of each species

The Q (for any particular species) was calculated by
adding together the number of species present (growing)
at various sites and then dividing this sum by the total
number of sites where that species occurred (LeBlanc
et al. 1974). The cover or frequency of each species (f)
was calculated using a transparent quadrat that was used
for the sampling of lichens. The frequency–coverage (f)
and the ecological index (Q) data of lichens were com-
piled and tabulated separately for each of the nine sites
to calculate the IAP.

Fig. 1 Map of the surveyed area (Kegalle urban council area) showing nine (09) sampling locations
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Percentage canopy cover

Over story canopy cover was determined in each lichen
sampling event. For this purpose, each selected tree was
measured using canopy cover grid which consists of 100
blank squares. The canopy cover grid sheet was placed
on the ground directly below the canopy of the sampling
tree. The number of squares that were shaded were
counted. Percentage Canopy cover was calculated as
follows:

%canopy coverage

¼ Number of squares covered

Number of squares not covered
� 100

Bark pH

The bark pieces (about 0.5 g) were soaked in 5.0 mL of
0.025 M KCl (potassium chloride) solution. After
soaking, they were kept for approximately 8 h at
20 °C. The pH values were determined using a calibrat-
ed standard pH electrode (model: 6011A).

Light intensity

Lux meter (digital model—DLM 530) was used to
measure the light intensity at each selected tree at the
time of sampling.

Geographical data treatment

ArcGIS 10.2.2 software package was used to perform
surface interpolation for all sampling sites using esti-
mated IAP values to measure the impact of atmospheric
pollution in the study area.

Atmospheric pollutants—determination of SO2

concentrations

Coating, assembling, and installing of BOgawa^
passive air sampler

The BOgawa^ passive air samplers (Ogawa and Co.,
USA) were installed at selected all subsampling sites.
The samplers were loaded with coated filter pads by
modifying the methodology described by Hirano and
Maeda (1996). For this purpose, triethanolamine (TEA)
(22.30 mL), ethylene glycol (3.60 mL), and acetone

(50%, 50 mL) were added to a 100-mL volumetric flask
and the mixture was topped up with the distilled water
for the preparation of 100 mL of coating reagent.
Whatman GF/B (47 mm) filter papers were mechanical-
ly cut according to the appropriate size, washed with
deionized water using suction filtration technique, and
kept in a desiccator to dry. The dried filter papers were
coated with coating reagent prepared (100 μL) using a
micropipette. After the coating process, they were fur-
ther dried in a desiccator. The coated filter paper was
placed in the relevant places of each chamber of the
BOgawa^ passive air sampler. The passive air samplers
were fixed to the windshields and exposed to air for a
period of 1 month. Windshields were fixed to suitable
places that were located away from the roadsides and
other emission sources as described by Hirano and
Maeda (1996) in order to prevent the direct contact of
filter pads with emissions. All the samplers were
installed at a height of about 3 m from the ground level
(Fig. 2).

Analysis of SO2

Analysis of SO2 was done as described by Hirano and
Maeda (1996). The trapped SO2 in the exposed filter
papers was extracted into 10 mL of color-developing
reagent (sulfamic acid 1 mL, formaldehyde 2 mL, para-
rosaniline 2 mL, and water 5 mL) to develop the color,
and the absorbance was measured at 500 nm using UV
spectrophotometer (model: UV-1650PC). The concen-
tration of SO2 was then calculated from a calibration
plot with known concentrations of TEA solution.

Fig. 2 Installation of the BOgawa^ passive air sampler for sam-
pling of air
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Determination of NO2 concentrations

Coating, assembling, and installing of the BOgawa^
passive sampler

The same type of the BOgawa^ passive air samplers and
windshields were used to trap NO2. Sampling procedure
of NO2 was similar to that of SO2. The samplers were
loaded with coated filter pads by modifying the meth-
odology described by Hirano and Maeda (1996). For
this purpose, 6.1 g of sodium iodide, 0.880 g of sodium
hydroxide, and 3.6 g of ethylene glycol were added to a
100-mL volumetric flask and was topped up with meth-
anol solution (1:3 ratio) for the preparation of 100 mL of
coating reagent. Whatman 150-mm filter papers were
then mechanically cut according to the appropriate size,
were washed using de-ionized water using suction fil-
tration technique, and were kept in a desiccator to dry.
The dried filter papers were coated with 50 μL coating
reagent using a micropipette. After the coating, they
were further dried in a desiccator. The dried coated filter
paper was placed in the passive air sampler and installed
at sampling site.

Analysis of NO2

Analysis of SO2 was done as described by Hirano and
Maeda (1996). The trapped NO2 was extracted into
10 mL of Saltzman reagent. The absorbance was mea-
sured at 545-nm wave length using UV spectrophotom-
eter (model: UV-1650PC). The concentration of NO2

was calculated against a calibration plot with known
concentrations of sodium nitrite.

Results

Species richness and total abundance

A total of 89 lichen species representing 25 genera and
15 families from nine sampling locations were found
(Fig. 3). The genus Graphis of the family Graphidaceae
was the most dominant lichen genera in the study area
followed by Cryptothecia of the family Arthoniaceae,
Arthonia of the family Arthoniaceae, Pyrenula of the
family Physciaceae, respectively.

The highest lichen richness was observed from rural
ecosystem (77 species), while 36 species were observed
from semi-urban ecosystem and 35 species were

recorded from urban ecosystem, respectively. In addi-
tion, number of genera and number of families were
gradually decreased from rural to urban (Fig. 4). The
selected rural ecosystem (RU1, RU2, and RU3) repre-
sented 80% of the total genera recorded while urban
ecosystem (U1, U2, and U3) represented 52% of the
total genera.

Of the recorded lichen genera, ten (10) genera includ-
ing Arthonia, Chrysothrix, Cryptothecia, Dirinaria,
Myriotrema , Pertusar ia , Pyrenula , Pyxine ,
Sarcographa, and Graphis were recorded from all three
ecosystems, while Megalospora, Parmotrama, and
Porina were found from both rural and the semi-urban
ecosystems. Leptogium, Physcia, and Platythecium gen-
era were recorded from both semi-urban and the urban
ecosystems (Fig. 5). In addition, seven (07) lichen gen-
era including Cresponia, Heterodermia, Pyrenocarp,
Chapsa, Dictyonema, Lecanora, and Ocellularia were
only found from selected rural ecosystems and Collema
and Leptotrema genera were only found in semi-urban
ecosystems.

In rural ecosystem, the most distributed lichen genera
were Cryptothecia, Graphis, and Pertusatia. In semi-
urban ecosystem, the most distributed lichen genera was
Cryptothecia. Nevertheless, the abundance of Graphis
was comparatively low. Pyxine was the second highest
abundant in semi-urban ecosystem, and it was the dom-
inant lichen genus found in urban ecosystem. The abun-
dance of Cryptothecia and Graphis species in urban
ecosystem were remarkably reduced when compared
with rural and urban ecosystems.

Lichen diversity and evenness

According to the Shannon–Wiener diversity index (H′),
selected rural ecosystem showed the highest lichen di-
versities (> 2.0) than semi-urban or urban ecosystems
(Table 1). The Pielou’s evenness index which describes
the evenness of distribution of lichens within the study
area showed the highest values from rural ecosystem (>
0.65) and when moving into the urban ecosystem, the
evenness showed a decreasing trend.

Index of atmospheric purity and atmospheric pollutants

Selected urban ecosystem showed high level of atmo-
spheric pollution. The moderate level of pollution was
recorded from SU1, SU2, and SU3, respectively. The
highest IAP was recorded from RU3 (90.26) which
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indicated the lowest level of atmospheric pollution
(Fig. 6). Both NO2 and SO2 levels in the ambient air
were decreased when moving from urban to rural eco-
systems (Fig. 7).

Environmental parameters related to lichen diversity

The mean bark pH values of C. nucifera and M. indica
sampled in the study area were acidic and varied from
4.26 to 5.58. Nevertheless, a remarkable pH variation
was not observed from different ecosystems. On the

other hand, the canopy cover of the selected two tree
types showed a significant increase (p ≤ 0.05; one-way
ANOVA) along urban–rural ecosystems (Table 2).

In general, when moving away from urban to rural
ecosystems, the mean lichen diversity showed an in-
creasing trend. The highest diversity index of 2.9324
was recorded from RU3 on C. nucifera trees, and the
lowest lichen diversity index of 1.3836 was recorded
from U1 on M. indica trees (Table 2).

Considering air pollutants, NO2 levels in urban eco-
system were significantly higher than that of the semi-

Fig. 3 Number of lichen species
belonging to the particular genera
in the study area

Fig. 4 Change in the number of
lichen families and genera from
rural to urban ecosystems
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urban or rural ecosystems (p ≤ 0.05). The lowest ambi-
ent air pollutant concentrations (in terms of NO2 and
SO2) were found from rural ecosystem. The lowest NO2

concentration was recorded from RU1 (9.32 ± 2.81 μg/
m3) while the lowest SO2 level (0.062 ± 0.06 μg/m3)
was recorded from RU3.

The relationship between the lichen diversity indices,
atmospheric pollutants, and environmental parameters

SO2 concentrations of the study area has a positive
relationship with NO2 concentrations, and the correla-
tion coefficient showed very high significant difference
at p ≤ 0.05 level (Table 3). Correlation coefficients be-
tween lichen diversity and bark pH of the three two plant

species were not significantly different. Percentage can-
opy cover of C. nucifera has a negative correlation with
both NO2 and SO2 concentrations. A positive correla-
tion between the Shannon–Wiener diversity index of
M. indica and the percentage canopy cover of
M. indica was observed.

Index of atmospheric purity (IAP) showed a negative
correlation with Shannon–Wiener diversity index of
C. nucifera and M. indica at p ≤ 0.01 significant level,
and the IAP values increased when decreasing the NO2

and SO2 concentration from rural to urban ecosystems.
A very high positive correlation between the Shannon–
Wiener diversity index of C. nucifera andM. indica and
IAP values of the study area at p ≤ 0.05 significant level
and the positive correlation between IAP values and the
Pielou’s evenness index (J) of Cocos nucifera and
M. indica were observed (Table 3). The Shannon–
Wiener diversity index of C. nucifera and M. indica
has a negative correlation with SO2 and NO2 concen-
trations. The Pielou’s evenness index (J) of C. nucifera
has a negative relationship with NO2 concentrations.
Both NO2 and SO2 concentrations also showed a very
high negative relationship at p ≤ 0.05 level with the
Pielou’s evenness index (J) of M. indica (Table 3).

Geographical data treatment

The surface interpolation of IAP values using inverse
distance weighting (IDW) method of geographical in-
formation system was able to locate the most disturbed
zones and the most undisturbed zones in the study area.
Surface interpolation is the estimation of surface values
at unsampled points based on known surface values of

Fig. 5 Mathematical set indicating distribution of all lichen gen-
era in rural, semi-urban, and urban ecosystems

Table 1 Estimated Shannon–Wiener diversity index (H′) and Pielou’s evenness index (J) values for M. indica and C. nucifera trees

Site number Site Shannon–Wiener diversity index (H′) Pielou’s evenness index (J)

M. indica C. nucifera M. indica C. nucifera

1 U1 1.3836 1.5540 0.5394 0.6059

2 U2 1.4833 1.5377 0.5969 0.5427

3 U3 1.5395 1.5049 0.5685 0.5867

4 SU1 1.4778 1.4075 0.6418 0.5197

5 SU2 1.7801 1.5588 0.7424 0.5622

6 SU3 1.7684 1.1576 0.5903 0.4828

7 RU1 2.2147 2.3786 0.6797 0.7390

8 RU2 2.2405 2.8395 0.7359 0.8121

9 RU3 2.3427 2.9324 0.7579 0.8461
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surrounding points. One of the most common ap-
proaches in biomonitoring with lichens is by means of
index of atmospheric purity (IAP). Thus, the areas with
greatest disturbance to the lichen diversity and the
highest atmospheric pollution levels were indicated in
red while the green color indicated the lowest distur-
bance to the lichen communities and the lowest levels of
atmospheric pollution. Moderate levels of atmospheric
pollution levels indicated in yellow and pale orange
colors in the map (Fig. 8).

Discussion

The present study attempted to assess and correlate the
use of corticolous lichens with atmospheric SO2 and
NO2 along rural–urban ecosystems in Kegalle in
Sabaragamuwa Province in Sri Lanka. In the ecosys-
tems studied, air pollution with respect to SO2 and NO2

could be highly attributed to traffic congestion, which is
again related to land use pattern to some extent. Increase
of clearance together with vehicular emissions to the
atmosphere mainly in urban ecosystem and also some
semi-urban areas has exerted an unavoidable pressure
on the ambient air quality and the health of habitats and
organisms including lichens. Belnap et al. (2006)

reported that lichens can respond rapidly to environmen-
tal changes through both reductions and increments in
cover. Nevertheless, Hawksworth and Rose (1970) ob-
served an increase in abundance due to the induced
resistance to any particular type of pollutant in Toronto,
Canada. The present results revealed that urban ecosys-
tem contained the lowest lichen species richness. Oc-
currence of many lichen species were higher in rural
ecosystem than semi-urban or urban ecosystems. Simi-
lar results were also observed from a study carried out
by Das (2008) in India.

When considering the semi-urban ecosystem studied,
the genus Chryptothecia was the dominant lichen spe-
cies followed by the genus Pyxine. According to the
lichen distribution of three selected urban sites, the
genus Pyxine was the pre-dominant lichen species. A
trend of decline of the genusChyptothecia and the genus
Graphis was observed in urban ecosystem. Hence, it
could clearly be attributed that most lichen species were
replaced by weedy lichens including Pyxine spp. along
with higher environmental disturbances. Genus Pyxine
was frequently found on the bark of trees especially
along heavily polluted roadsides in urban ecosystems
and also some semi-urban sites. Wolseley and Aguirre-
Hudson (2007) stated that these species are often found
to be tolerant of atmospheric pollutants such as oxides of

Fig. 6 Variation of atmospheric
purity index (IAP) values at dif-
ferent ecosystems
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sulfur and used as environmental bioindicators to assess
air quality. Many studies that had been carried out in
different countries described Pyxine spp. along with
Dirinaria spp. is tolerant of air pollution in urban sites
(Saipunkaew et al. 2005). A global increase in members
of the Physciaceae (including the genus Pyxine) had also
been linked to climate change. Some Pyxine spp. grow-
ing inside the industrial area is the most tolerant and has
accumulated higher levels of all the heavy metals ana-
lyzed (Asta et al. 2002).

Lichen diversity indices can be taken as estimates of
environmental quality and stress that are prevailing in
the area, where higher values correspond to good quality
with low stress and low values indicate poor quality and
high stress (Asta et al. 2002). The Shannon–Wiener

index and Pielou’s evenness index values expressed a
decreasing pattern from rural to urban ecosystems. The
highest lichen diversity which was recorded from rural
ecosystem (RU1, RU2, and RU3) indicated that lichens
may rapidly colonize on available substrata, where frag-
ments of undisturbed areas remain. The low level of
disturbance and comparatively high moisture caused
low level of environmental stress for epiphytic lichen
development and increase in lichen diversity in rural
ecosystems. Low diversity recorded from the selected
urban sites indicated that the natural vegetation has been
removed and replaced by urban infrastructure and those
urban sites and some semi-urban sites located in close
proximity to a main road and indicated the possible air
pollution due to vehicular emissions, which could have
influenced on the reduction of lichens diversity resulting
no source of lichen propagules or suitable substrata for
colonization. Low diversity in those areas may have
resulted since the recovery of specialist lichen species
is slow due to poor dispersal with the unsuitable envi-
ronmental conditions and absence of specialized habi-
tats for development of their thalli. Accordingly, the
Pielou’s evenness index values showed higher values
in rural ecosystem when compared with urban ecosys-
temwhich indicated that the existing lichen species were
evenly distributed throughout the areas unless the urban
ecosystem that were predominated by small number of
specific lichen species (e.g., Pyxine) which can tolerate
the harsh environmental conditions in disturbed selected
urban sampling sites.

Several researchers have identified land transport as
the main cause of pollution in urban areas of Sri Lanka
(Yalegama 2004). This could be further confirmed by
the observed negative significant NO2 and SO2 levels
over lichen diversity studied. Hawksworth and Rose
(1970) and Richardson (1988) reported that epiphytic
lichens are sensitive to phytotoxic gases mainly NOx

and SOx. According to Skye (1958), a correlation of air
pollution data with the distribution of epiphytic lichens
in highly disturbed areas showed a weaker growth than
in areas which were pristine; the pattern of atmospheric
pollution confirmed closely to the distribution of li-
chens. Nevertheless, concentrations of air pollutants
can be affected adversely or beneficially on the growth
of the lichen thallus. Conti and Cecchetti (2001) stated
that lichen membrane proteins may be damaged by the
presence of SO2 and the lichen enzymes can have con-
siderable damage in the presence of high levels of SO2,
which may cause a reduction in protein biosynthesis in

Fig. 7 Atmospheric NO2 (a) and SO2 (b) levels at different
ecosystems
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some lichens; or there may be negative effect on the
nutritional interchange between symbionts with, as a
consequence, an alteration of their delicately balance.
In addition, Gonzalez-Tezero et al. (1995) stated that
SO2 is a powerful catalysts of lipid membrane peroxi-
dation such as O3 and NO2. As such, both SO2 and NO2

may cause a reduction of pH of lichen thalli.
In the present study, the highest monthly concentra-

tion of NO2 were recorded from U2 location and SO2

were recorded from U1 sampling location (29.15 μg/m3

NO2 and 1.024 μg/m3 SO2, respectively) which were
located in highly disturbed urban area. Nevertheless,
SO2 and NO2 levels were very much lower in the
sparsely disturbed rural ecosystem. The lowest monthly
NO2 were recorded from RU1 site and SO2 concentra-
tions were recorded from RU3 site (9.32 μg/m3 NO2

and 0.062μg/m3 SO2, respectively).When the effects of
SO2 and NO2 are taken together, SO2 has a significant
positive correlation with NO2.

The sensitivity of the photobiont of lichens to the
conditions of the environment, especially temperature
and moisture, is a critical factor in the survival of the
lichen–algal symbiosis (Wolseley and Aguirre-Hudson
2007). Nevertheless, the study carried out by
Attanayaka and Wijeyaratne (2013) reported that expo-
sure of corticolous lichens to light seems to have no
significant effect on the lichen diversity examined in
their study. But, studies have shown that different lichen
families have preferences either for light or shaded
conditions (Attanayaka and Wijeyaratne 2013). In the
present study, over story canopy cover was measured to
see the correlation with lichen diversity. The Shannon–
Wiener diversity index values for lichens of M. indica
showed a significant positive correlation with the per-
centage canopy cover ofM. indica trees, and there was a
significant negative correlation between ambient NO2

and SO2 levels and percentage canopy cover of
C. nucifera trees. Basically, it indicates that the reduc-
tion of lichen diversity could be resulted with the decline
of canopy cover. Evidently, the percentage canopy cover
was significantly reduced (Table 3) when moving from
rural to urban ecosystems within the study area. Hence,
the decline of canopy cover can contribute to direct
contact of vehicular emissions with lichens that are
available on vegetation, and in turn, it may dramatically
reduce the species diversity of lichens.

Many researchers have used IAP to monitor the effects
of atmospheric pollutants (especially SO2 and NO2) on
living organisms as a quantitative method (Krick andT
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Loppi 2002). IAP showed a significant negative correla-
tion with both ambient NO2 and SO2 levels. Therefore,
IAP in the present study gave lower IAP values for highly
disturbed urban ecosystem which were having higher air
pollutant concentrations, while the rural ecosystem showed
higher IAP values indicating the less air pollutant concen-
trations. There was a significant positive correlation be-
tween IAP values and Shannon–Wiener diversity indices
and Pielou’s evenness indices of the sampling locations
within the study area which indicate that increase in lichen
diversity in a particular area has higher IAP values and has
better ambient air quality.

The compositional changes in lichen communities
were correlated with the changes in levels of atmospher-
ic pollution. IAP gives an evaluation of the level of
atmospheric pollution, which is based on the number,
frequency, and tolerance of the lichens present in the
study area. Conti and Cecchetti (2001) categorized pol-
lution level of atmosphere considering IAP values in
tropics (Table 4).

Accordingly, all the selected urban sites fall into level
B category, which means a high level of pollution.
Selected three semi-urban areas have moderate level of
pollution and can be categorized under level C based on
the above classification. RU1 rural site falls into the
level D which indicates low level of pollution having
41.60 of IAP while other two rural areas; RU2 and RU3
expressed the very low levels of pollution (60.63, 90.26
of IAP, respectively) that can be categorized under level

Fig. 8 Map showing the status of the atmospheric pollution of the sampling locations using estimated IAP values prepared by the inverse
distance weighting (IDW) method of the geographical information system

Table 4 Quality levels of index of atmospheric purity (IAP).
Source: Conti and Cecchetti (2001)

Pollution level Range Categorization

Level A 0 ≤ IAP ≤ 12.5 Very high level of pollution

Level B 12.5 < IAP ≤ 25 High level of pollution

Level C 25 < IAP ≤ 37.5 Moderate level of pollution

Level D 37.5 < IAP ≤ 50 Low level of pollution

Level E IAP > 50 Very low level of pollution
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E. In the present study, there was no any Blichen desert^
recorded (area with no lichens/IAP = 0).

Mapping of lichen diversity using values of IAP is an
attractive approach. Showing spatial distribution pat-
terns of the studied descriptors, maps of lichen biodi-
versity, or abundance enable a quick and clear identifi-
cation of areas with different levels of disturbance
(Pinho et al. 2004; Asta et al. 2002). Spatial mapping
of lichen diversity or associated measurements had been
extensively used both in research and applicative lichen
biomonitoring works (Pinho et al. 2004). GIS software
is an ideal tool for interpolating the estimated values of
the response variable such as IAP values related to the
lichen diversity in non-measured parts of the study area.
Unlike IAP zones demarcated according to the quality
level categorization of IAP (Conti and Cecchetti 2001),
the zone map in the present study showed a better visual
presentation due to use of interpolation with the help of
GIS software (ArcMap 10.2.2.). According to the resul-
tant map, large amount of air pollutants (NO2 and SO2)
were concentrated around urban ecosystem which indi-
cate in U1, U2, and U3 and it resulted to the declining of
lichen diversity. Semi-urban areas showed moderate
pollution levels which indicate in SU1, SU2, and SU3
expressing the intermediate lichen diversities. Rural
ecosystem showed lower level of accumulation of air
pollutants with low level of traffic conditions or trans-
portation and less urbanization. RU3 sampling site and
adjacent areas showed the lowest air pollution and the
conditions in RU2 site was more or less similar to RU3
site. Nevertheless, RU1 site showed a higher pollution
level than other rural sites and it could be attributed to
the accumulation of some amount of vehicular emis-
sions coming from a bypass road.

Conclusion

The present study clearly revealed that vehicular emis-
sions have an influence on the diversity and distribution
of lichens in the study area. The presence of the genus
Pyxine in almost all urban sites indicated that it could be
used as a reliable pollutant tolerant indicator in urban
ecosystems, while the genusGraphiswas very sensitive
for ambient air pollutants. Results further revealed that
the index-based mapping techniques could be used suc-
cessfully to see the effect of atmospheric pollution along
rural–urban ecosystems. These results conclude that
corticolous lichens have the potential to be used as

bioindicators of ambient air quality monitoring along
rural–urban ecosystems of tropics.
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