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Abstract: The availability of pollutants serve as either the nutrient source or a precursor to inhibit some algal
species, depending on the types of pollutants. This is the reason why epiphytic terrestrial algae (ETA) is suitable
to be used as bio-indicator for air pollution. The objective of this study is to determine species diversity of
terrestrial algae near power station with regards of its distance from pollutant source (SO,). Terrestrial algae on
tree barks were collected near a power plant station at 200 m to 500 m from the pollutant source. Tree barks
were randomly chosen and 30 quadrats of 15 x 15 cm were used. A total of 12 species from 6 families and 9
genera has been identified. Simpson’s Diversity Index 1-D (0.841) shows that the species of terrestrial algae
distributed were relatively high. Station 1 which is located approximately 200 m (closest to the pollutant source
from the power plant), recorded the greatest species diversity. The Shannon Index (H’) value is alsothe highest in
Station 1 (1.802) and the lowest value was recorded for Station 2 (1.569). The number of species found in
Station 1 is seven with Trentepohlia abietina as the dominant species. Station 2 and Station 3 each recorded six
and seven species respectively with Trebouxia sp. as the most diverse species while Station 4 recorded a total of
six species with Printzina lagenifera as the dominant species. Trentepohliaceae was found to be the dominant
family (40%) and Trebouxia sp. is regarded as the dominant species which represent approximately 27.59% of
all individuals sampled. From this study, it was found that algal diversity within the study area was not
significantly affected by exposure to SO2 released from power plant. However, few common algal species such
as Apatococcus sp., Chlorococcum sp., Desmococcus sp. and Trentepohlia rigidula was not recorded at the
station nearest to the power plant which was Station 1.

Keywords: Diversity, Terrestrial algae, Quadrats, Dominant species, Biological indicator

1. Introduction

Sulfur dioxide (SO2) was formerly viewed as the most important phytotoxic pollutant in Europe, and until
the early 1980s [1]. Even though the concentration of SO, in the atmosphere has greatly improved by now,
scientists believed that prolonged exposure to SO, resulted in an alteration of bark pH which in turn alter the
ecosystem landscape [2]. Unlike higher plants, mosses and lichens do not have a protective cuticle exposed to
sulfur dioxide which is the major reason for their extreme sensitivity to pollutant [3]. Short duration exposure of
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high concentrations of SO, produce acute injury in plants while long-term exposure of low concentrations
caused chronic injury [4]. SO, can also modify the response of plants to other environmental stresses, both
biotic and abiotic [5]. Since epiphytic terrestrial algae (ETA) is known as an excellent bio-indicator, this study is
focussing on the effect of pollutant to the diversity of ETA exposed to prolonged SO2 emissions released from a
power plant station. Species diversity were then analysed using Values of Simpson’s Diversity Indices,
Shannon-Weiner, and Species Evenness.

2. Method

2.1. Algal Specimen Collection

Samples were collected from tree barks at 200 m (Station 1), 300 m (Station 2), 400 m (Station 3), and 500
m (Station 4) from the power plant (pollutant source). A number of 10 barks were randomly chosen at each
distances with three quadrats of 15 x 15 cm on each tree. The quadrats were placed diagonally in line, following
the prevailing wind direction from the pollution source. Epiphytic algae within each quadrat were brushed off
the surface with a sterilized scalpel from the bark of the tree and put into a 100 mL specimen vial containing 40
ml deionized water. All samples were examined as soon as possible. In some cases where immediate
examination was not possible, the sample were kept in a refrigerator at a temperature of 4°C in the laboratory to
prevent post sampling growth.

2.2. Algal Specimen Identification

Samples were examined under the digital light microscope (Brunel, UK) with an attached camera for image
capturing and species identification. Most algal species were identified by their morphological characteristics.
Photomicrographs of the algae were compared to the images from previous studies as references for
morphological and anatomical identification [6-7].

3. Results and Discussion

3.1. Species percentage and frequency

A total of 12 algal species was recorded in all four stations which belongs to 6 families and 9 genera (Figure
1). Trentepohliaceae is the dominant family representing about 40% of all species collected, followed by
Neochloridaceae (26%), Trebouxiaceae (25%), Radiococcaceae (6%), Prasiolaceae (2%), and Chlorellaceae
(1%). For Trentepohliaceae, Trentepohlia abietina was the most dominant species while Chlorococcum sp. was
the dominant species for Neochloridaceae. Trebouxia sp., Gloeocystis sp., Desmococcus sp., and Apatococcus sp.
are algal species that belongs to the Trebouxiaceae, Radiococcaceae, Prasiolaceae, and Chlorellaceae
respectively. Minute differences in structure and variation of form in populations was difficult to identify
particularly as this current study only examined the specimens based on morphological appearance [8]. Figure 1
shows algal species recorded in the sampling stations.

Station 1 which was the closest to the pollutant source at 200 m recorded a total of 7 species with
Trentepohlia abietina as the dominant species while Station 2 and Station 3 which was at 300 and 400 m from
the pollutant source recorded 6 and 7 species respectively with Trebouxia sp. as the most diverse species (Table
1). Station 4 at 500 m from the pollutant source recorded 6 species with Printzina lagenifera as the dominant
species. All four stations are within 500 m from the power plant, a reachable distance for the wind to carry the
pollutants (sulphur dioxide) that provides the necessary nutrients for the survival of Trebouxia sp. Trebouxia sp.
is usually found abundance on pollutant-rich stations [9].
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Fig. 1: Algal species recorded in the sampling stations. (a) Trebouxia sp.; (b), Apatococcus sp.; (c), Chlorococcum sp.; (d),
Elliptochloris sp.; (e) , Neochloris sp.; (f), Desmococcus sp.; (g), Gloeocystis sp.; (h) Printzina diffusa; (i), Printzina lagenifira; (j),
Trentepohlia abietina; (k) Trentepohlia maxima; (1), Trentepohlia rigidula.

Another species, Trentehpohlia sp. was found to be more sensitive towards pollutants and is usually only
survive when there are fewer sources of pollutants [10]. However the result in this current study conversely
showed that Trentepohlia sp. are surviving in most of the stations. Desmococcus sp., the most common green
algae in the world [11] only presents at Station 3. Results from this study is in agreement with a study in
Singapore where the result showed an insignificant result for Desmococcus sp [9].

TABLE | List of algal species in four sampling stations.

Family Species S1 S2 S3 S4
(200 m) (300 m) (400 m) (500 m)
Trebouxiaceae Trebouxia sp. + + + +
Chlorellaceae Apatococcus sp. + - -
Neochloridaceae ~ Chlorococcum sp. - + + +
Elliptochloris sp + + +
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3.2. Diversity of epiphytic terrestrial algae in sampling stations

Table 2 showed the indices for epiphytic terrestrial algae collected from the sampling stations. The highest
Simpson’s Diversity Index 1-D was obtained from Station 1 (0.8089), followed by Station 3 (0.7813), Station 4
(0.7650), and Station 2 (0.7551). From these indices, it can be interpreted that Station 1 which is located about
200 m from the power plant, has the greatest species diversity of all stations. This station contained highest
pollutants concentration as it is closest to the power plant station. The higher the level of pollutants, the higher
the nutrients are available for the growth of algae. This indicates that algae which is exposed to higher
concentration of pollutant, in this case sulphur dioxide released from the power plant, supported higher species
diversity. The Simpson’s 1-D value was measured at 0.841 which is considerably high. Shannon (H’) is 2.094,
showing that species richness of terrestrial algae in this sampling area is also quite high. The Shannon Index (H”)
is also found to be highest in Station 1 (1.802) with the lowest value recorded in Station 2 (1.569). Data from
this index indicates that Station 1 contained the greatest species richness compared to other stations. Meanwhile,
species evenness is highest in Station 1 (0.8659) and lowest in Station 3 (0.7989). From the evenness values, it is
known that terrestrial algae communities in Station 1 are more evenly distributed compared to Station 3 that has
more variation in relative abundance, but not evenly distributed. The value for species evenness is 0.6762,
showing that the terrestrial algal communities have less variation in term of relative abundance of the species.

TABLE Il Values of Simpson’s Diversity Indices, Shannon-Weiner, and Species Evenness for each
sampling station.

Station Simpson’s 1-D Shannon (H”) Evenness
Station 1 (200m) 0.8089 1.802 0.8659
Station 2 (300m) 0.7551 1.569 0.8004
Station 3 (400m) 0.7813 1.721 0.7989
Station 4 (500m) 0.7650 1.626 0.8476
0.841 2.094 0.6762

The terrestrial algae communities are diverse, which shows that algal diversity was not really affected by the
atmospheric condition of the surrounding area. The result is in contrast with the outcome from a previous study
which shows that the most polluted station has the highest species diversity of algae [12]. However, climate
differences such as tropical and non-tropical surrounding could be a factor in the contrasting result in these two
studies.

4. Conclusion

Terrestrial algae distributed nearby a power plant station is relatively diverse with a total of 12 species from
six families and nine genera. Trentepohliaceae was found to be the dominant family (40%). Out of 12 species,
Trebouxia sp. was the dominating species and represented about 27.59% of all specimens sampled. The study
found that exposure to SO, released from power plant was not significantly affecting algal diversity within the
study area. However, common algal species such as Apatococcus sp., Chlorococcum sp., Desmococcus sp. and
Trentepohlia rigidula was not recorded at Station 1 which was the nearest to the power plant.
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