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Abstract. This research is motivated by the important role of the Bryophyte plant the in environment. However, 
environmental changes can negatively affect the growth of Bryophyte plants in certain regions, particularly in the area of the 
Pangandaran natural site. There is an assumption that environmental changes such as differences in the acidity of the soil and 
humidity can affect the growth of Bryophyte and its population spread.This study aimed to discover the structure of the 
Bryophyte plant during the dry season in the Pangandaran natural site. A descriptive method was used in this study a such the 
research design including both a sampling method and a explorative method which was a survey. Furthemore the study was 
conducted on the entire Bryophyte population in the Pangandaran natural site. Samples of Bryophyte plants were only taken 
when they were attached to trees at least 1 m from ground level and had a diameter of at least 20 cm. Data retrieval of the 
research was conducted through surface area calculation using square plot and environmental climatic factor data collection. 
Data analysis of the research includes the identification of the types of Bryophyte found, the calculation of importance value 
index (IVI) as well as analyzing the influence of climatic factors, especially acidity and moisture levels, towards the growth of 
Bryophyte. The results show that there were four Bryophyte species, in which the Bryophyte which dominates the Pangandaran 
natural site is Mastigolejeunea sp. The highest importance value index (IVI) is found in Mastigolejeunea sp which is equal to 
135.2%, and that the climatic factors, acidity and moisture, affect the growth and population spread of Bryophyte. Based on the 
results of this study, it can be concluded that the Bryophyte which dominates the Pangandaran natural site is Mastigolejeunea 
sp. and the climatic factors, acidity and moisture, affect the growth and population spread of Bryophyte.

       Introduction

Biodiversity is found all over the world generated by the genetic diversity in the ecosystems formed by
plants, animals, and microorganisms (Kusmana, 2015)10. For biodiversity, living beings and their environment 
must maintain a good relationship, however, there are several threats and challenges that need to be overcome to 
ensure biodiversity remains (Astirin, 2000)1.

In the plant kingdom, mosses are the second largest division after flowers. With approximately 
15,000-25,000 species around the world. Mosses are divided into three divisions, mosses (Bryophyte), liverworts 
(Marchantiophyta), and hornworts (Anthocerotophyta) (Mulyani, 2015)12. Indonesia has approximately 1,500 
types of mosses (Bawaihaty, 2014)2.

Mosses play a vital role in environmental ecology, by contributing to the cycle of nutrition and water, as 
well as the cycle of carbon exchange (Pradana, 2013)13.

Indonesia has many national parks located across the islands, from Sabang to Merauke. One of the 
conservation area is located in the Regency of Pangandaran, in West Java. Pangandaran is an educational 
natural tourism site frequently visited by students and travelers due its high biodiversity.

Based on previous observation, there is conjecture that there has been environmental changes acourring
in the Pangandaran Natural Tourism Site, and the changes is assumed to be due to the widening of road access. 
The road access is not only used by the tourists, but also by locals as their regular road access. In addition, the 
changes are also thought to be caused by the misapplication of land, one of which is planting teak trees 
intentionally within the Pangandaran Natural Tourism Site. The teak tree planting has caused the forest canopy 
cover to open, affecting the intensity of sunlight entering the environment. This high intensity of sunlight has 
then affected the air temperature, moisture levels of the soil, and humidity in the air within the environment of 
the Pangandaran Tourism Site. Furthermore, the environmental changes are also thought to be a product of a
tsunami, which has once happened in Pangandaran. Overall, the changes affect the ecosystem and biodiversity 
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within the Pangandaran Tourism Site, especially of the mosses. Mosses can be considered as bioindicators
therefore if changes are seen in them, it usually references a larger environmental change occurring in the area
(Govindapyari, Leleeka, Nivedita, & Uniyal, 2010)8.

Due to these changes, researchers have been motivated to study the area of Pangandaran Natural Tourism 
Site to discover structure of the Bryophytes during the dry season in the Pangandaran natural site. This research 
contributes to the existing information concerning the biodiversity of Bryophytes in Indonesia and forms the
foundation needed for the conservation of the national park.

    Time and Location of Research

This research was conducted on August 10-11, 2017, in the Pangandaran Natural Tourism Site, West Java. The 
Pangandaran Tourism Site is located in the Pangandaran Nature Conservation Area adjoining the nature 
preservation area. Geographically, the area is located at 108o 40’ E and 7o 43’ S. In the Pangandaran Village, 
Pangandaran Sub-district, Ciamis Regency.

(a) 
Figure 1. (a) Map of the Research Location in Pangandaran Natural Tourism Site

     Research Methodology

The descriptive method was used in this research. The research would be conducted by sampling using the 
explorative methode which is a survey by exploration (Borchert & Norris, 1991)3. The study was conducted on 
the entire Bryophyte population in the Pangandaran natural site. Only Bryophyte samples were taken then the 
mosses was attached to at least 15 trees, at least 1 m from ground level and had a diameter of 20 cm. Sampling 
technic used is the purposive sample. Data was generated by using the surface area calculation. Which involved 
counting the amount of Bryophyte that covered a of square plot 20 cm x 20 cm, which was sub divided into 
small squares of 1 cm2 each, therefore the plot size of 20 cm x 20 cm a total of 400 smaller squares. The square 
plot was place on each tree, and the number of small squares covered by Bryophyte was determined. In addition, 
also environmental climatieic data was collected with using tools such as a thermometer to measure air 
temperature, a hygrometer to measure air moisture, a soil taster to measure soil moisture, a luxmeter to measure 
light intensity and a pH meters to measure soil acidity. 

     Results and Discussion

From the results, at Stations I, II, and III, four types of mosses were found, of which three were of Bryophyte 
species, and the remaining one is yet to be identified. The identification process of two of the species of Bryophyte 
was conducted with the help of the Indonesian Institute of Sciences (Lembaga Ilmu Pengetahuan Indonesia/LIPI), and 
the other type was identified by reviewing various sources. However the extent of the biodiversity of mosses in 
Indonesia is not yet fully lucidated, and therefore information regarding the biodiversity of mosses remains quite 
limited.
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Table 1. Indentificaton of Bryophythe Type

No Species Name Family
1. Mastigolejeunea sp Lejeuneaceae
2. Calymperes boulayi Besch Calymperaceae
3. Marchantia sp Marchantiaceae
4. Species D -

Table 2. Importance Value Index of Bryophythe per Species

No Type Dominance Relative 
Dominance Frequency Relative 

Frequency 

Importance 
Value Index 

(IVI) 
Mastigolejeunea sp
Calymperes
boulayi
Marchantia sp
Spesies D

TOTAL 0.869 100% 1.00 100% 200 % 

(a)
Figure 2. Importance Value Index of Bryophythe in Pangandaran Natural Tourism Site

The dominant species in a plant community is typically the plant with the highest importance value index IVI
among the other species. Moreover, the IVI value also indicates the effect the species has on the greater plant 
community (Suraida et al, 2013)14. In this study based on the IVI, the largets percentage was obtained by the moss 
species Mastigolejeunea sp. with a 135.1%, followed by Calymperes boulayi Besch with a value of 43.60%, 
Marchantia sp. with a value of 11.5%, and the unidentified species (D) with a value of 9.8%. This makes the, total 
percentage of IVI of the moss in the greater plant community 200%.

Table 3. Types of Bryophythe on Each Tree

No Bryophytha Type Tree Type

1. Mastigolejeunea sp Ebony (Diospyros sp.)
2. Teak (Tectonas grandis L)
3. Burahol (Stelechocarpus burahol)
4. Kamala (Mallotus phillipinensis)
5. Kibawang
6. Mahogany (Swietenia sp)
7. Calymperes boulayi Ki Segel (Dillenia excelsa (Jack) Gilg.)
8. Mahogany (Swietenia sp.)
9. Marchantia sp Kadoya (Disoxylum amooroides Miq.)
10. Spesies D Katulampa (Elaeocarpus sp.)
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Furthermore, it was found that that based, Mastigolejeunea sp was isolated from several tree types, including
ebony, teak, burahol, kamala, kibawang, and mahogany. Whereas Calymperes boulayi Besch was found on ki segel 
and mahogany and. Marchantia sp and species D were found only on kedoya trees and. Katulampa trees, respectively.
Mastigolejeunea sp is the species found on most trees.

Bryophyte are known affected by their substrate (Klavina, 2015)9. For example substrates with rough surface 
are good places for moss growth, while substrates with smooth and slippery surface do not providea place for moss
growth (Windradi, 2014)16. Mahogany trees have a rough bark, and therefore mosses are able to grow on them better
when compared to other trees, despite the occurance of environmental changes. At Station I, one of the observed trees 
that becames subtrate for the moss was an old teak tree, meaning the bark quite fragile, and therefore drastic changes
to the condition of the moss growing on the teak tree were observed throughout the day, from morning to afternoon. 
In addition there was also a significant change the moss on the burahol tree substrate, caused by the bark texture 
which was quite slippery. On all other substrates, the moss growth was found to be quite stable.

The growth and spread of mosses influenced by environmental factor and an analysis of these at each of the 
observation stations can be seen Table 1:

Table 4. Climatic Factor Data of Station I

No Climatic Factor Gen. P1 P2 P3 P4 P5 Avg. 

Table 5. Climatic Factor Data of Station II

No Climatic Factor Gen. P1 P2 P3 P4 P5 Avg. 

Table 6. Climatic Factor Data of Station III

No Climatic Factor Gen. P1 P2 P3 P4 P5 Avg.
1. Air temperature (oC) 28 28
2. Air moisture (%) 35 35
3. Soil moisture (%) 1 1 1 2 1 1.2
4. Light intensity (Lux) 1300 1100 1000 700 400 900
5. Soil acidity (pH) 5.8 5.8 4.8 5.8 4.8 13,5

Gen (General), P1 (tree to 1), P2 (tree to 2), P3 (tree to 3), P4 (tree to 4), P5 (tree to 5) and Avr (Average)

Table 7. Relationship Data of Environmental Factors (climatic factors) and the Quantity of Bryophytha

Climatic Factor Station I Station II Station III
Air temperature (oC) 29 27 28
Air moisture (%) 29 34 35
Soil moisture (%) 1.1 1 1.2
Light intensity (Lux) 1340 530 900
Soil acidity (pH) 6.04 5.16 13.5
Individual found per square plot 813 746 179

The distribution of mosses can be influenced by several habitat factors, which are environmental factors that 
exist in a particular habitat (Gimingham, at.al, 2018)5. In this study, environmental factors such as are moisture levels, 
temperature, and light intensity were investigated to see if they had any influence on the growth of mosses intensity 
(Michel, Payton, Lee, & During, 2013)11. The  difference in tolerance for each species of moss affects its
adaptation level, type composition, and distribution (Mulyani, 2015)12.
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At station I, the air temperature and humidity are the same, the air temperature is 29 0c and the air humidity 
of 29 %, it affects the number of the highest of Bryophyte compared to other stations as many as 813 individuals.
At station II the air temperature and humidity have a considerable difference, ie 7 with the number of species 
found as many as 746 individuals. At station III, the air temperature and humidity have the highest difference 
which is equal to 8, individual at least compared to other stations. The temperature and humidity are associated 
with one another, as low air temperatures can cause relatively high humidity, affecting the transpiration rate of the 
plants (Friedel, Oheimb, Dengler, & Härdtle, 2006)4. Thus, it can be said that the difference between air 
temperature and humidity affected the number of Bryophyte individuals, with a smaller difference leading to a 
greater number of individuals observed. In addition, it was found that, the pH of the soil affects the number of 
Bryophytes found at each station. At station I the soil was found to have a pH of 6.04 with 813 Bryophytes found. 
At station II the pH was 5.16 and 746 Bryophytes were observed, and at station III the pH was highly alkaline, 
13.5, and only 179 Bryophyte were found. At station I and II, where the soil was found to be slightly acidic with a 
pH 7, a considerable number of Bryophyte individuals are found. whereas in alkaline soil found at station III, there 
were a lot less Bryophyte found. This is an wxtremely clear examples of how environmental factors affected the 
growth of the Bryophyte moss (Glime 2006)6. 

At station I, the number of individual mosses found was the highest and there could be a number of reasons 
for this. Station I was found to have the highest light intensity, rather wide opening of the tree canopy as well as its 
location near the tourist walking access. The open environment setting causes light to penetrate to the forest floor, 
and if given adequate moisture, the moss spores attach themselves to their substrate, germinate, grow, and develop 
into adult individuals (Windradi, 2014)16. The data was collected in the morning at station I however, there was a 
significant change in the quantity of moss that were observed attaching themselves to trees in the afternoon. 
This is may be because during the daytime, the intensity of incoming light was not balanced with the moisture 
of the forest floor and therefore moss growth on the substrate was not encouraged (González-Mancebo, 
Romaguera, Ros, Patino, & Werner, 2008)7,. The high intensity of light resulteds in a to increase water 
evaporation and a decrease to the moisture inhibiting the growth and development of the moss (Windradi, 
2014)16. 

At station II, the data collection location was near water flow. But other than that, station II, had a lower 
temperature, and light intensity humidity compared to the other stations. At this station, lower intensity of 
incoming light, caused the lower temperature and the higher humidity (Sulistyowati, et.al, 2014)15.
Environmental factors at station II were observed to support the growth of mosses, and therefore the growth and 
development of the mosses was found to be stable. Station III was, far from open access roads, and the 
environmental conditions were found to encourage the stable growth and development of mosses.

        Conclusions

In this study, four types of Bryophytes were identified, and the dominant type in the Pangandaran Tourism 
Site was found to be Mastigoleujeunea sp. The highest IVI was obtained by Mastigoleujeunea sp. with a value 
of 135.1%, while the lowest IVI obtained was by the unidentified species D with a value of 9.8% Furthermore, it 
was discovered that environmental factors such as temperature and pH affect the growth of Bryophytes. The 
environmental factors observed in this study were found to have an interlocking influence on the growth and
development of Bryophyte plants. However, the environmental factor found to have the most influence of the
growth on the moss was air moisture.
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Figure of How to Calculate the Amount of Bryophythe by Using Square Plot 
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