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ABSTRACT

Lichen, commonly called crustal moss, is a symbiosis between algae and fungi resistant to extreme temperatures.
The purpose of this study was to assess the diversity of lichen species, the composition of lichen species, and the lichen
response in two research locations with different air quality. The selected locations were determined by knowing the
environmental characteristics, including air temperature, air humidity, and CO; air quality. The value of lichen
species diversity in Agatis Street (2.03) was higher than in Korps Sukarela (KSR) Dadi Kusmayadi Street, Cibinong
(1.86). The composition of lichen found on Agatis Street is 8 species from 6 families, and 6 species from 3 families on
Korps Sukarela (KSR) Dadi Kusmayadi Street, Cibinong. Lichen living on Jalan Agatis showed a brighter and clearer
coloured talus response, the talus grew well and intact and formed colonies so that it had a wider talus cover. Lichen
growing on KSR Dadi Kusmayadi Street has a paler and faded color the talus does not grow optimally so it grows in
fragments and does not form large colonies, so it has a smaller talus cover area.
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ABSTRAK

Lichen atau yang biasa disebut lumut kerak merupakan simbiosis antara alga dan fungi yang tahan terhadap suhu
ekstrem. Tujuan penelitian ini adalah untuk mengkaji keanekaragaman jenis lichen, komposisi jenis lichen, dan respon
lichen pada dua lokasi penelitian dengan kualitas udara yang berbeda. Pemilihan lokasi ditentukan dengan mengetahui
karakteristik lingkungan meliputi suhu udara, kelembaban udara, dan kualitas udara CO,. Nilai keanekaragaman jenis
lichen di Jalan Agatis (2,03) lebih tinggi dibandingkan dengan Jalan Korps Sukarela (KSR) Dadi Kusmayadi,
Cibinong (1,86). Komposisi lichen yang terdapat di Jalan Agatis sebanyak 8 jenis dari 6 famili, dan di Jalan KSR Dadi
Kusmayadi sebanyak 6 jenis dari 3 famili. Lichen yang hidup di Jalan Agatis menunjukkan respon talus yang berwarna
lebih cerah dan jernih, talus tumbuh dengan baik dan utuh serta membentuk koloni sehingga memiliki tutupan talus
yang lebih luas. Lumut kerak yang tumbuh di Jalan Korps Sukarela (KSR) Dadi Kusmayadi, Cibinong mempunyai
warna lebih pucat dan memudar, talusnya tidak tumbuh optimal sehingga tumbuh secara terfragmentasi dan tidak
membentuk koloni besar sehingga luas tutupan talusnya semakin mengecil.

Kata kunci: bioindicator, kualitas udara, lichen
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INTRODUCTION

Increasingly dense urban traffic due to the
increasing number of private motor vehicles causes
increased air pollution, especially from emissions
containing pollutants such as Pb, CO, CO,, and
sulfur. The impact of this increase in air pollution is
very detrimental to the environment and human
health. Because changes in air quality are often
invisible to the naked eye, the use of bioindicators
is important to monitor these conditions.
Bioindicators, such as lichen and butterflies, can
provide biological responses to foreign substances
entering the environment.

Lichen or lichens are a symbiosis between algae
and fungi that can survive extreme temperatures. By
studying the species, number, and distribution of
lichen in contaminated areas, we can estimate the
level of air pollution. Lichens are resistant to harsh
living conditions, including long-term water
shortages, and can grow in extreme environments
such as deserts and Antarctica with temperatures
below 0 °C. Their morphological structure, which
does not have a cuticle layer, stomata, or absorption
organs, allows lichens to survive in environments
polluted by air pollutants.

Lichen can be used as a bioindicator of air
pollution because of its ability to absorb chemicals
in the air and rainwater. Although it can live in
extreme environmental conditions, lichen remains
sensitive to pollution, especially sulfur gas (SO4)
produced by motor vehicles. The sensitivity of
lichen to these pollutants makes it an effective
bioindicator for monitoring air quality. The use of
lichen as a bioindicator is also more efficient
compared to ambient indicator is also more efficient
compared to ambient indicator devices, which
require high costs. However, studies that directly
compare lichen diversity and morphological
responses across two locations with differing air
quality in the Bogor region remain limited.
Therefore, this study was conducted to assess the
diversity, species composition, and morphological
responses of lichen as indicators of air quality in two
sites with contrasting environmental characteristics.

RESEARCH METHODS

Time and Place
The research was conducted in February 2024, at
two different locations in Bogor Regency, precisely
on KSR Dadi Kusmayadi Street, Cibinong, and
Agatis Street, Dramaga Campus IPB University,
which is presented in Figure 1.

Tools and Materials
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The tools used in this study are presented in
Table 1. The materials used are lichen that lives on
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tree bark, trees as a substrate for lichen, and distilled
water.

Figure 1 Map of the two research locations, Bogor
Regency, precisely on KSR Dadi
Kusmayadi Street, Cibinong, and Agatis
Street, Dramaga Campus, IPB University.

Selection of Research Locations in The Field

The selection of research locations was carried
out by considering various areas that represent
different air quality. The first research location
chosen was an area with relatively poor air quality,
because it is often passed by many motorized
vehicles and is one of the main roads in Cibinong,
namely KSR Dadi Kusmayadi Street, Cibinong
District. The second research location chosen was
an area with relatively clean air quality, because it
is still below the national ambient air quality
standard (Anisah 2021), namely Agatis Street, IPB
Dramaga Campus, Dramaga district. The research
location chosen was by the quality measurement
data, namely on KSR Dadi Kusmayadi Street,
Cibinong has a higher air quality standard value
than Agatis Street.

Data Collection Procedure

In this study, two types of data were collected,
namely primary data and secondary data (Table 2).

Environmental Characteristics

The environmental characteristic parameters
used in collecting research data are abiotic
environmental characteristics, namely temperature
and humidity measurements. Temperatures and
humidity measurements were taken three times a
day, at 07:30, 13:30, and 17:30 WIB. Measurement
of CO and CO2 air quality was conducted over three
days, with one repetition at 10:00 WIB at two
research locations using CO and CO2 measuring
instruments.
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Table 1 Tools used in research

No Name Function

1 Measuring tape Measuring the circumference of the tree trunk

2 Envelope Storing lichen samples

3 Cutter Taking lichen samples

4 Dry wet thermometer Measuring air temperature and humidity

5 Transparent plastic and OHP pen Tracing the area of lichen cover

6 Clear tape and scissors Stick the transparent plastic

7 Analytical scales Weighing the area of lichen

8 Stationery and tally sheet Recording data

9 Carbon meter Measuring carbon levels in the air

Table 2 Types of data collected in research

Data Type Description

Primary Environmental characteristics include air temperature and relative humidity in two
research locations
Trees as a substrate include diameter, height and surface of tree bark in two research
locations
Composition, lichen diversity, and frequency of lichen in two research locations
Microscopic characteristics of lichen include shape and color of lichen in two research
locations
Area of lichen cover based on stem height range, facing and gacing away from
pollution sources
Air quality data CO dan CO2

Secondary Search for microscopic characteristics and morphology of lichen types

WHO ambient air quality standards

Characteristics of Mahogany Trees as Lichen
Substrate in KSR Dadi Kusmayadi Street,
Cibinong District, and Agatis Street, Dramaga
Campur IPB University, Dramaga District

The selection of lichen substrate tree samples
used in this study was carried out purposively,
namely, large leaf mahogany trees (Switernia
macrophylla). Large leaf mahogany trees were
chosen as sample trees because they were found in
two research locations. The number of trees taken at
each location was 5 tree samples (a total of 10 trees)
with a diameter range of >20 cm. The trees used as
samples were measured around the top and bottom
of the tree, which was 150 cm above ground level
(Asih 2013; Mafaza et al. 2019).

Composition and Morphology of Lichen Types

Lichen observation began by selecting
mahogany trees as lichen substrates in two research
locations. Observations were carried out visually by
observing the macroscopic characteristics of the
lichen thallus on each tree sample, such as shape,
color, and condition. Lichen samples were
documented with a camera and then identified based
on the field guide.

Diversity of Lichen Types

Observations of lichen on trees were carried out
at a height range of 0-150 cm from the ground
surface by identifying based on the morphological
types, namely squamulose, crustose, foliose, and
fruticose. Crustose lichens have small, flat, thin
thallus attached to rock surfaces, tree bark, and soil

(Ulfa et al. 2023). Squamulose lichens have
squamulus, which are smaller, interlocking, scale-
like lobes and fruiting bodies (podetia) (Ertz &
Thaler 2017; Ulfa et al. 2023). Fruticose lichens
have a bush-like thallus with ribbon-like branches
that grow upright or hang from rocks, leaves, or tree
branches. Foliose lichens have a leaf-like structure
composed of lobes and attached to the substrate.
Foliose lichens have a flat, slightly wide thallus
with indentations resembling a wrinkled leaf (Ulfa
et al 2023).

Calculation of Lichen Coverage Percentage

The area of lichen cover on the bark of each tree
was measured up to a height of 150 cm. The
measurement was divided into three height ranges,
namely 0-50 cm, 51-100 cm, and 101-150 cm. The
area of the thallus cover was obtained by drawing
and tracing lichen thallus on transparent plastic
weighed using an analytical scale. Furthermore, it
was converted into an area (cm?) based on the
weight of 1 cm? of plastic.

Analysis Data

Air Temperature and Relative Humidity

Air Temperature (°C)

_ (2 x Tmorning)+(Tafternoon)+(Tevening)

o =
C 4
Air humidty (%)
0 = (2 x RHmorningi)+(RHafternoon)+(RHevening)
.
4
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Description:
T : Air temperature
KU : Air humidity

Air Samples

CO2 pollutant data analysis was carried out
descriptively, qualitatively and quantitatively, then
compared with WHO (World Health Organization)
standards.

Species Diversity Index (H’)

The diversity of lichen species is determined
using the Shannon-Whiener diversity index (H’)
with the following formula (Zar 2010; Omayio et al.
2019):

H=-Ypilnpi;

Description:

H’ : Shannon-Whiener diversity index

ni : Number of individuals of each species
n : Number of individuals of all species

pi : Abundance of each species

pi= = (Odum 1996)

Lichen Encounter Frequency
The frequency of lichen encounters is obtained
using the following formula:

__number of points found of a type

x 100%

Frequency of type
q yortyp total number of observation points

(Soerinegara dan Indrawan 1998)

Surface Area of Bark
The surface area of bark is obtained using the
following formula:

Surface of bark = 0.5 X (atb) X ¢ (Noer 2004)

Description:

a : Circumference of the upper tree trunk (cm)

b : Circumference of the lower tree trunk (cm)

c : Height of the observed tree trunk (150 cm
from the ground surface)

Lichen Coverage Area
The bark surface area is obtained using the
following formula:

A=(:VV—:) x 1 em? (Brodo 1961 diacu oleh
Leblanc dan Rao 1973)

Description:

A : Lichen cover area (cm?)

wt : Total weight of transparent plastic measured
based on the area of plastic covered by
lichen thallys (mg)

wi : Total weight of transparent plastic with an
area of 1 cm? (mg)

Lichen Coverage Percentage
The lichen coverage percentage is obtained
using the following formula:
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lichen coverage area

Lichen coverage percentage = x100%

bark surface area

RESULTS AND DISCUSSION

Environmental Characteristics
General Conditions

This study was conducted in two different
locations in Bogor Regency, namely KSR Dadi
Kusmayadi Street in Cibinong and Agatis Street in
Dramaga. KSR Dadi Kusmayadi Street was chosen
because it is a main route that is often used by
motorized vehicles, considering the presence of
many office buildings, so it is suspected to have
poor air quality. On the other hand, Agastis Street
was chosen because the air quality at this location is
considered better, with data from Anisah (2021)
showing that the air quality on Agastis Street is still
below the national ambient air quality standard.

According to the Bogor Regency Environmental
Service (2021), the air quality index (IKU) in Bogor
Regency reached 76.62% which is included in the
“good” category based on the Regulation of the
Minister of Environment No. 14 of 2019, which
stipulates that an IKU value of 51-100 is classified
as good air quality.

Air Temperature and Humidity

The average temperature and humidity
measurements on KSR Dadi Kusmayadi Street were
27.33 °C and 86.69%, while on Agatis Street it was
26.75 °C and 88.54% (Table 3). Vegetation around
the research location affects temperature and
humidity, with the role of the canopy as shade and
the evapotranspiration process helping to cool the
environment. Urban areas tend to have less
vegetation than suburban areas, which causes urban
temperatures to be higher.

Air Quality

Lichen, very sensitive to temperature, humidity,
and air pollution, can be used as a bioindicator of air
pollution. In addition, lichen is also responsive to
metal content in the air. The lower the traffic
density, the higher the ecosystem diversity in a
location.

In this study, CO, levels were measured using
the WHO reference, which sets clean air standards
with CO; levels between 310-330 ppm (558,000-
594,000 pug/Nm?) and polluted air between 350-
700 ppm (630,000-1,260,000 pg/Nm3). The results
of CO2 measurements show that KSR Dadi
Kusmayadi Street has polluted air quality, while
Agatis Street has clean air quality. Air quality data
at both locations can be seen in Table 4.

Characteristics of Trees as Substrates
Mahogany (Swietenia macrophylla) is a large
tree that can reach a height of 35-40 meters and a
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diameter of up to 1.25 meters. This tree is easy to
cultivate in various types of soil and grows wild in
teak forests or coastal areas, often planted on the
side of the road as a shade tree (Prasetyono, 2012).
Mahogany is useful in absorbing air pollutants such
as carbon dioxide, nitrogen oxide, and sulfur
dioxide, which are then converted into harmless
compounds. Mahogany leaves also release oxygen,
increasing the freshness of the surrounding air
(Oliviera et al. 2023).

According to Rozianty (2016), factors such as
wood stability, wood texture, pH, and water
availability affect lichen growth on the surface of
the tree. The diameter of the tree trunk affects the
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area of lichen cover. On KSR Dadi Kusmayadi
Street, the diameter of the mahogany tree trunk
ranges from 54.14 cm to 76.43 cm, while on Jalan
Agatis it is between 50.95 cm and 73.24 cm.
Mahogany trees at these two locations can be seen
in Figure 3.

The tree canopy on Agatis Street tends to be
wider and denser. In this location, there are many
types of trees with side canopies that can block
direct sunlight. This tree canopy affects the
microclimate conditions around it, which in turn
affects the survival of lichen growing on the tree
bark.

Figure 2 General conditions (a) KSR Dadi Kusmayadi, (b) Agatis Street

Table 3 Results of daily air temperature and relative humidity measurements

KSR Dadi Kusmayadi Street

Agatis Street

Days T (°C) KU (%) T (°C) KU (%)

1 26.67 84.87 25.67 87.30
2 26.17 86.00 25.00 86.97
3 29.17 89.20 28.50 91.37
Mean 27.33 86.69 26.75 88.54

Table 4 Results of CO2 measurements on KSR Dadi Kusmayadi Street and Agatis Street

One Hour Quality Standard (ppm)* Location
Parameter
Clean Polluted ° I°
CO2 310-330 350-700 537 430

Reference: *WHO Standard, ® KSR Dadi Kusmayadi Street, © Agatis Street.

Figure 3 Mahony Trees (a) KSR Dadi Kusmayadi Street, (b) Agatis Street
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Lichen Composition and Frequency

Lichen Composition on Mahogany Trees as
Bioindicators of Air Quality at Two Research
Locations in Bogor Regency. Lichen is a symbiotic
organism consisting of fungi (mycobiont) from the
Ascomycetes and Basidiomycetes groups and algae,
such as cyanobacteria or blue-green algae
(ficobiont). Algae play a role in photosynthesis and
provide carbohydrates for lichen. The lichen body
consists of several parts, including the thallus,
isidia, soredia, apothecia, pycnidia, and rhizines.
Some types of lichen, such as Parmella, Sticta, and
Peltigerales, have special structures on the thallus,
such as respiratory pores, syphilis, and sedalodia.

Based on the shape of the thallus, lichen is
classified into four types: crustose (crust), foliose
(leaf), fruticose (bush or beard), and squamulose
(scales). Crustose lichens are attached to substrates
such as tree surfaces or rocks, foliose are leaf-
shaped with constricted lobes, fruticose have
ribbon-like branches and grow upright or hanging,
while squamulose have a thallus in the form of small
overlapping lobes.

The composition of lichen species found on KSR
Dadi Kusmayadi Street and Agatis Street is
presented in Table 5. Observations show that 8
types of lichen are from the crustose type and 2 from
the foliose type.
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The composition of lichen species on Jalan
Agatis is greater than on Jalan KSR Dadi
Kusmayadi. On Jalan KSR Dadi Kusmayadi, 6
types of lichen from 3 families were found, while on
Jalan Agatis, 8 types of lichen from 6 families were
found. These results are in line with the research of
Syarif A (2018), which stated that high traffic
volume reduces the number of lichens. In addition
to pollution, the microclimate influenced by
vegetation and air quality also affects the number of
lichen species composition.

Lichen growth is influenced by pollutants such
as CO,, SO, NO,, and dust from vehicle exhaust
fumes (Rozianty, 2016). Environmental factors
such as temperature, humidity, pH, and air quality
also play a role. Lichens found in both locations
include crustose and foliose thallus types, with
crustose being more tolerant to air pollution due to
its simple thallus structure.

Lichens found in locations with cleaner air
quality are called sensitive lichens, while those
found in both polluted and clean locations are called
tolerant lichens. The types of lichens found in both
research locations are Lepraria incana, Leparia
lobificans, Leparia umbricola, and Dirinaria picta.
The types of lichens found only on Jalan Agatis
include Cryptothecia scripta, Phlyctis argena,
Caloplaca sp., and Parmelia perlata (Figure 4).

Table 5 Composition of lichen species on mahogany trees on KSR Dadi Kusmayadi Street and Agatis

Street

No. Lichen Family Talus %ocatlon I
1 Lepraria incana Steriocaulaceae Crustose v v
2 Cryptothecia scripta Arthoriceae Crustose - 4
3 Phlyctis argena Phylictidaceae Crustose - v
4 Graphis cincta Graphidaceae Crustose v -

5 Leparia lobificans Steriocaulaceae Crustose 4 4
6 Leparia umbricola Steriocaulaceae Crustose v v
7 Graphis scripta Graphidaceae Crustose v -

8 Caloplaca sp. Teloschistaceae Crustose - v
9 Parmelia perlata Parmeliceae Foliose - v
10 Dirinaria picta Physiaceae Foliose v v

Description: I) KSR Dadi Kusmayadi Street, II) Agatis Street

Figure 4 Lichen in Agatis Street (a) Cryptothecia scipta, (b) Phlyctis argena, (c) Caloplaca sp., (d)

Parmelia perlata
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Lichen Diversity

The diversity of lichen species is known from the
large number of lichen species found in the two
research locations. The diversity of lichens on
mahogany trees on Agatis Street is higher than on
KSR Dadi Kusmayadi Street. Table 6 presents the
diversity of lichen species in the two research
locations.

Table 6 Diversity of lichen species on Jalan KSR
Dadi Kusmayadi and Jalan Agatis

Diversity of
No Research Location lichen species
(H”)
KSR Dadi Kusmayadi 1.86
Street
2 Agatis Street 2.03

The diversity of lichen species on Agatis Street
(2.03) is higher than on KSR Dadi Kusmayadi
Street (1.86). This is related to the higher humidity
on Agatis Street, which supports lichen metabolism
and growth. According to Bordeaux (2015), high
humidity indicates that the location has a high air
content, which is absorbed by the plant for its
metabolism and growth. Lichen growth is
influenced by temperature and humidity (Hardini et
al. 2018). Temperature and humidity affect lichen
growth. Light intensity is needed for lichen
photosynthesis.

Lichen is often found on tree bark, its main
substrate (Pratiwi 2006). Lichen diversity is
influenced by the type of substrate and its pH, where
some species prefer acidic or alkaline conditions.
Interactions with other organisms and overall
ecosystem conditions also affect the presence of
lichen. According to Widodo et al. (2023), these
factors support lichen growth in various habitats.

Macroscopic Characteristics of Lichen
Lichen growing in locations with different air
quality show different responses. Lichen in high
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pollution locations tend to be paler due to the
accumulation of pollutants in the thallus. The
thallus becomes darker over time due to age and
growing conditions. Differences in pollution and air
quality affect the macroscopic and morphological
characteristics of lichen, such as shape, texture, size,
and color. Observations at the two locations showed
differences in these characteristics.

Lepraria incana has a bright green or grayish
green thallus and is often called “leprose” flour
lichen because of its flour-like appearance (Waruwu
et al.,, 2022). This lichen is a crustose type that
adheres to the substrate and has soredia that are
evenly distributed on the surface of the thallus, and
casily detached when touched. On Agatis Street, the
L. incana thallus forms unified colonies in cleaner
air locations, while on KSR Dadi Kusmayadi Street,
the thallus is irregularly distributed. Lepraria
incana on KSR Dadi Kusmayadi Street is more
grayish, while on Jalan Agatis it is greener and
clearer, as seen in Figure 5.

Lepraria umbricola has a thallus with a diameter
of 7-12 cm and is included in the crustose type that
attaches to the substrate. This lichen has a thin
thallus and an irregular shape, usually growing on
rocks, wood, soil, and trees. On KSR Dadi
Kusmayadi Street, the L. wumbricola colony is
smaller and less dense than that on Agatis Street. On
Agatis Street, the texture of the thallus tends to be
smoother and flatter, with a clearer bright green
color, while on KSR Dadi Kusmayadi Street, it
looks dull green, as seen in Figure 6.

Lepraria lobificans is a crustose lichen that
grows as granular, layered, or leprose patches on the
substrate, especially on tree bark. According to
Muvidha (2020), this lichen is widespread and often
found in urban areas. L. lobificans granules are
apple green, faded light green, or greenish gray. On
Agatis Street, the L. lobificans colonies are larger
and more numerous, while on KSR Dadi

Kusmayadi Street the colonies are fewer and more
scattered, as seen in Figure 7.

Figure 5 Lichen species Lepraria incana on (a) KSR Dadi Kkusmayadi Street, (b) Agatis Street, (c)

source: (published by Waruwu 2021)
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Figure 6 Lichen species Lepraria umbricola on (a) KSR Dadi KUsmayadi Street, (b) Agatis Street, (c)

source: https://fungi.myspecies.info/all-fungi/lepraria-umbricola.

.

Figure 7 Lichen species Lepraria lobificans on (a) KSR Dadi Kusmayadi Street, (b) Agatis Street, (c)source:

(published by Waruwu 2021).

p %Y
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Figure 9 Lichen species Dirinaria picta on (a) KSR Dadi Kusmayadi Street, (b) Agatis Street, (c) source:

(published by Setyani 2017).

The difference between Lepraria incana,
Lepraria umbricola, and Lepraria lobificans lies in
the shape of the thallus and its color. Lepraria
umbricola has a greener color, while Lepraria
lobificans have a thicker thallus than the other two
types. Lepraria incana and Lepraria lobificans have
soredia, but Lepraria lobificans rarely produce
apothecia, sexual reproductive structures.

Phlyctis argena has a thin crust-like thallus with
varying colors, ranging from grayish green to white.
Its characteristic is black apothecia, round or
slightly elongated in shape with clear edges (Figure
8). This lichen is often found on tree bark, especially

old trees with rough bark such as mahogany trees.
Phlyctis argena is found on older trees with rough
bark, such as mahogany.

Dirinaria picta, a foliose lichen, has a leaf like
thallus, grooved at the edges, and grayish green in
color. Dirinaria picta dominates in areas with high
pollution due to a thick algae layer. The foliose
thallus has a round shape with irregular lobes, is
tightly attached to the center of the substrate, and
hangs at the edges. On KSR Dadi Kusmayadi Street,
the Dirinaria picta is more abundant with a thicker
thallus, while on Agatis Street, the thallus is paler,
as seen in Figure 9.
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Figure 10 Lichen species Cryptothecia scripta on (a) Agatis Street, (b) source: (published by Waruwu

2021).

Figure 11 Lichen species Graphis cincta on (a) KSR Dadi Kusmayadi Street, (b) source (published by

Waruwu 2021)

Cryptothecia scripta is a crustose lichen with a
thallus that is tightly attached to the bark of the tree
trunk, grayish-green in color with white edges. The
thallus is horizontal and has rhizine, which is a
network of hyphae that attach to the substrate. This
lichen was found on KSR Dadi Kusmaya di Street,
as seen in Figure 10.

Graphis cincta is a crustose lichen with a
grayish-white or pale white thallus, 10-15 c¢cm in
diameter, and branched submerged black apothecia.
This lichen colony is 0.3 mm to 2.5 mm long and is

often found attached to the surface of tree bark,
difficult to remove without damaging the substrate.
This lichen is only found on KSR Dadi Kusmayadi
Street, as seen in Figure 11.

Graphis scripta is a grayish-white crustose
lichen with apothecia modified into Lirellae,
clongated and curved, black. This lichen is
characterized by black lines on the surface of its
thallus, as seen in Figure 12. Graphis scripta is only
found on KSR Dadi Kusmayadi Street.

Figure 12 Lichen species Graphis scripta on (a) KSR Dadi Kusmayadi Street, (b) source (published by

Waruwu 2021).

Figure 13 Lichen species Caloplaca sp. on (a) Agatis Street, (b) source: https//naturemapr.org/species/2243
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Figure 14 Lichen species Parmelia perlata on (a)
Agatis Street, (b) source (published by
Waruwu 2021)

Figure 15 Lichen Parmotrema perlatum (Ulfa et al.
2023)

Caloplaca sp. lives in colonies with variations in
thallus color, including yellow, faded yellow, egg
yellow, orange yellow, and reddish orange. This
lichen is a crustose type that is attached to substrates
such as old trees or dead and decaying trees.
Caloplaca sp. is only found on Agatis Street, as seen
in Figure 13.

Parmelia perlata is a foliose lichen with a nearly
perfectly round thallus, green, sometimes gray, dark
brown, or brown. This lichen has an upper and
lower cortex, loose attachment to the substrate, and
rhizines except around the edge of the thallus. The
condition of Parmelia perlata on Agatis Street can
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be seen in Figure 14. This is in accordance with
observations made by Ulfa et al. (2023) (Figure 15)
that Parmotrema perlatum is also included in the
Foliose thallus type because it has a green to gray
color with raised edges, usually on the bark of tree
trunks.

Lichen Cover Area

The area of lichen cover on Agatis Street is
greater than on KSR Dadi Kusmayadi Street, which
is influenced by differences in air quality,
temperature, and humidity. In mahogany trees, the
largest lichen cover was found at a height of 0-50
cm, where the intensity of exposure to pollutants is
lower because it is protected by undergrowth.
According to Setyani (2017), lichen cover is greater
in areas facing away from pollutant sources than in
areas facing the pollutant source. This is because the
back of the tree is less exposed to pollutants, while
the front of the tree faces the pollutant source, one
of which is pollutants from motor vehicles. Lichen
growing behind the tree has a larger coverage area
than the front, and this occurred at both locations.
The results of the calculation of the area of lichen
cover at various heights are presented in Table 6.

The area of lichen cover on KSR Dadi
Kusmayadi Street was 1268.19 cm?, while on Agatis
Street it was 2699.47 cm?. The calculation results in
Table 8 show that the part of the tree trunk facing
away from the pollution source has a higher lichen
cover than the one facing the pollutant. This finding
is in line with Sofyan's research (2017), which states
that the part of the tree facing away from the
pollutant has better environmental quality. Lichen
growth is influenced by internal factors such as tree
bark condition, water content, and nutrient
availability, as well as external factors such as air
quality, humidity, light intensity, and pollution.

Table 7 Area of lichen cover on mahogany trees with different height ranges at two research locations

KSR Dadi Kusmayadi Street

Agatis Street

Tree height (cm) Facing pollutant Back the Facing pollutant Back to the pollutant
(cm?) pollutant (cm?) (cm?) (cm?)
0-50 150,63 220,27 331,58 548,47
50-100 225,09 339,21 525,34 735,33
100-150 160,75 226,24 217,5 341,25
Total 482,47 785,72 1074,42 1625,05

Table 8 Percentage of thallus cover area per lichen type to tree bark on KSR Dadi Kusmayadi Street

No Lichen species Coverage area cm? Coverage (%)
1 Lepraria incana 329,21 2,36
2 Graphis cincta 118,79 0,85
3 Lepraria lobificans 334,17 2,40
4 Lepraria umbricola 245,43 1,76
5 Graphis scripta 150,12 1,08
6 Dirinaria picta 90,47 0,65
Total 1268,19 9,09
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Table 9 Percentage of thallus cover area per lichen type to tree bark on Agatis Street

No Lichen species Coverage area cm? Coverage (%)
1 Lepraria incana 421,16 2,84

2 Cryptothecia scripta 375,36 2,53

3 Phylictis argena 388,59 2,62

4 Lepraria lobificans 531,65 3,58

5 Lepraria umbricola 431,98 2,91

6 Caloplaca sp. 89,56 0,60

7 Parmelia perlata 298,76 2,01

8 Dirinaria picta 162,41 1,09
Total 2699,47 18,18

The results of the calculation of the percentage
of the thallus cover area of each type of lichen on
KSR Dadi Kusmayadi Street are presented in Table
7. Lepraria lobificans has the highest cover area,
which is 2.40%, indicating good tolerance to
environmental factors and pollution at the location.
In contrast, Dirinaria picta has the lowest
percentage, 0.65%, indicating its intolerance to
environmental factors and pollution, so its growth is
more limited compared to other types of lichen.

The results of the calculation of the percentage
of the thallus cover area of each type of lichen on
Agatis Street are presented in Table 8. Lepraria
lobificans has the highest cover area, which is
3.58%, indicating tolerance to environmental
factors and pollution at the location. In contrast,
Caloplaca sp. has the lowest percentage, 0.60%,
indicating its intolerance to environmental factors
and pollution, so its growth is more limited
compared to other types of lichen.

Table 10 Percentage of lichen cover on tree bark
based on height from ground level at two
research locations

Height KSR Dadi Kusmayadi Agatis Street
(cm) Street (%) (%)

0-50 2,66 5,93
50-100 4,05 8,49
100-150 2,39 3,76
Total 9,09 18,18

The calculation results in Table 9 show that
Agatis Street has a higher /lichen cover area
(18.18%) compared to KSR Dadi Kusmayadi
Street(9.09%). This difference reflects the lichen
response to environmental quality. The high
concentration of pollutants on KSR Dadi
Kusmayadi Street reduces lichen cover because air
pollution harms its growth. In addition to pollution,
air humidity also affects lichen growth, with Agatis
Street having higher humidity, supporting better
lichen growth. The denser tree conditions on Agatis
Street also block light, maintain higher water

reserves, and create a more humid environment for
lichen growth.

CONCLUSIONS AND SUGGESTIONS

Conlusions

The composition of lichen species found along
Jalan Agatis consisted of eight species from six
families, while six species from three families were
identified along Jalan KSR Dadi Kusmayadi.
Lepraria lobificans showed a frequency of 100% at
both locations. The highest thallus cover was
recorded at a height of 50-100 cm. The lichen
diversity index on mahogany trees was 2.03 on
Jalan Agatis and 1.86 on Jalan KSR Dadi
Kusmayadi. Lichens on Jalan Agatis exhibited
brighter and more distinct thallus coloration, with
well-developed and intact growth forming larger
colonies, resulting in wider thallus coverage. In
contrast, lichens along Jalan KSR Dadi Kusmayadi
appeared paler and faded, with fragmented and less
optimal growth, leading to smaller thallus cover.
The variation in lichen response at the two locations
was influenced by differences in air pollution levels
and microclimatic factors such as temperature,
humidity, and light intensity.

Suggestion

The differences in macroscopic characteristics
and lichen responses between the two study sites
indicate that lichens can be used as bioindicators of
air quality. Further research is needed to compare
lichen growth with air quality parameters related to
bioindication.
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