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ABSTRACT 

Mosses are essential components of the vegetation in the Malagos Watershed, a 232-hectare protected area managed by the DENR-PAMB. Studying mosses can 

help us understand how they contribute to the health of the watershed by performing various ecological functions, such as stabilizing the soil and preventing erosion, 

filtering water and improving its quality, recycling nutrients and decomposing organic matter, storing carbon dioxide, and mitigating climate change. In addition, 

the Malagos Watershed has not been the subject of any moss research, and its mosses are still poorly understood. This study aimed to identify the moss species, 

determine the different substrates colonized by the mosses, and examine the correlation of moss species with various substrates in the watershed. Opportunistic 

sampling was utilized, and the collection was focused on the southeastern part of the Malagos Watershed. Field Sampling Technique were utilized in identifying 

moss species in Malagos watershed. Results revealed a total of 76 moss samples were collected, belonging to 25 species, 17 genera, and 11 families. The highest 

frequency of moss species recorded belongs to the family Calymperaceae, followed by Hypnaceae and Sematophyllaceae. The most common substrates for mosses 

were trees and rocks. The Chi-Square Test revealed that α = 0.05, there was a significant relationship (0.008 < 0.05) between moss species and moss substrates. 

Hence, the presence of moss species is influenced by the type of substrate on which they are found. Overall, this study contributes to the knowledge of bryophyte 

diversity and distribution in the Malagos Watershed and supplies essential data for subsequent research in this area. 
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INTRODUCTION 

Mosses are non-vascular plants belonging to the division of Bryophyta together with the liverworts and hornworts under the sub-division musci. Their 

lack of waterways makes them characterized as both ectohydric and poikilohydric bryophytes. Due to their dependence of water from their environment 

(ectohydric) and lack of water regulation mechanism (poikilohydric), their leaves are efficient in water collection by making their leaves flexible, pliable, 

and soft to avoid splashing in order to obtain and conserve as much water as they can (Dollery et al., 2022; Huttunen et al., 2018). A moss's foliage has 

an appendage attached to the gametophores stem in a lateral position consisting of cells arranged in a single layer with noticeable midrib and marginal 

serrations as they grow (Lin et al., 2021). In contrast to vascular plants, although mosses have a root-like structure called rhizoids these roots do not 

function as “true roots'' such as water and nutrient uptake but only function as a structural support and aid in anchoring the flora to different substrates 

(Neal, 2021). Similar to hornworts and liverworts, it also possesses a sporophyte in order to propagate itself and is a representative of the moss's diploid 

generation (Crandall-Stotler & Bartholomew- Began, 2007). 

Mosses serve as an inexpensive bioindicator especially in assessing the conditions of the environment. Hence, these mosses are well known as an indicator 

in air quality control for their capability to gather air pollutants, especially heavy metals. They are especially utilized as a quick and cheap as well as a 

convenient method in assessing the status of the environment or ecosystem (Yatim & Azman, 2021). They are also significantly important in nutrient 

cycling, increase in soil stability, colonizing disturbed habitats, and as a helper in plant establishment. Thus, they also are responsible for controlling 

carbon and nitrogen cycles in the ecosystem through their capability to influence soil temperature, increase soil moisture, and difference in the density of 

soil organic matter (Siwach et al., 2021). This non-vascular plant has great capability of survival in all terrestrial ecosystems and according to Yatim and 

Azman (2021), this plant is incomparable to their vascular counterpart due to their abundance and wide distribution whereas some moss species can be 

found in extreme weather conditions. 

http://www.ijrpr.com/
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The diversity and distribution of mosses in the Philippines are poorly documented, especially in lowland protected areas. The Malagos Watershed 

Reservation is a protected area in Davao City that harbors a rich biodiversity of flora and fauna, including mosses. However, no study has been done on 

the moss richness in this area and how it relates to the different substrates. Thus, this study was conducted to assess the diversity of the species of mosses 

in Malagos Watershed, Baguio District, Davao City.  

METHODS 

Location of the study site 

The study was conducted in the Malagos Watershed Reservation, situated in Baguio District, Davao City, with coordinates of 7° 10' 56" N and 125° 24' 

25" E, and an elevation ranging from 386 m to 497 m above sea level (asl). The sampling points are indicated in Figure 1. 

 

Figure 1. Sampling Points in Malagos Watershed Reserve Map (Google Maps, 2023) 

Moss Sampling, Collection, and Identification 

The researchers used opportunistic sampling techniques for collecting moss specimens at the Malagos Watershed Reservation. Collecting on areas within 

the study site situated in zones from significant to minimal water exposure. 

The treatment of collected samples from the study site to processing followed the collection and preparation techniques outlined by Shevock et al. (2014) 

and Glime (2017c). Using a scraper, an ample amount of the specimen, not exceeding 10% of the moss found on the substrate, was obtained from the 

plot. Immediately after acquisition, the collected moss from the sampling site was placed directly into a small, folded paper packet along with data 

collection, including ecological features and other attributes such as habitat conditions. Indications such as light availability, substrate, and moisture were 

recorded on the draft label. Samples from aquatic or wet habitats were squeezed to remove excess water, while muddy samples underwent rinsing to 

eliminate dirt particles and were then squeezed to remove excess water before being placed in the collecting packet. Finally, the acquired samples were 

transported to a small plastic container. The collected sample specimens underwent air drying, with careful attention to ensuring adequate air circulation 

for proper drying. Heat sources were deliberately avoided to prevent desiccation during the drying process. Sample documentation of moss species 

involved using Shevock’s printed ecological data proforma that enables the researcher to efficiently gather and document ecological data on each collected 

moss sample. The documentation of samples occurred right after the acquisition of the moss specimen to ensure that each collection was recorded in 

detail. 

The collected mosses were identified using the diagnostic characters such as the growth habit, capsule, the leaf itself including its arrangement, base, 

apex, margin, costa, as well as its cells using dissecting and compound microscopes. The primary method for verifying the identity of the specimens 

involved utilization of published works by Bartram (1939), Eddy & Buck (1991), Bill and Nancy Malcolm (2006). And Crosby et al. (2011). Furthermore, 

the collected mosses were submitted to a bryology expert for confirmation of the initial identification. After validation, a final label was generated, 

including details such as the moss's specific epithet, collection site, habitat description, substrate information, collection date, corresponding coordinates 

with altitude level, collection number, and the names of the collectors. 

Statistical Tool 

To determine the correlation of moss species with various substrates, the researchers employed the Chi-Square Test. This statistical method was utilized 

to explore the relationship between the classification of identified moss species and the type of substrate they inhabit. Additionally, the percentage of 

each identified moss family, as well as the percentage of moss’ preferred substrate, was also determined. 

RESULTS AND DISCUSSION 

Species richness and composition of mosses 
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The study found 76 mosses, representing 25 species across 17 genera and 11 families (see Table 1). Among these, the Calymperaceae, Hypnaceae, and 

Sematophyllaceae families were the most species-rich, while the Thuidiaceae, Fissidentaceae, Entodontaceae, and Hypopterygiaceae families had the 

least species richness. 

 

Figure 2. Distribution of moss species into different families 

The data (Figure 1) reveals that a total of 76 mosses belonging to eleven different families were identified. The most abundant family was Calymperaceae, 

accounting for 31.6% of the total mosses found. This family is characterized by having leaves with a distinct calyptra-like structure at the apex, which 

covers the capsule and protects the spores (Reese & Stone, 2012; Seppelt et al., 2022). Calymperaceae is widely distributed in tropical and subtropical 

regions and is often found on tree trunks, rocks, and soil. Some of the common genera of this family are Leucophanes and Syrrhopodon. 

Hypnaceae and Sematophyllaceae were also significant, with 22.4% and 21.1% respectively. These families are composed of primarily epiphytic mosses, 

which grow on the surfaces of other plants, such as branches, leaves, and bark. Sematophyllaceae is distinguished by having leaves with a single costa 

(midrib) and cells with papillae (projections) on both surfaces (Han & Jia, 2020). Hypnaceae is characterized by having leaves with a double costa or 

none at all and cells with papillae only on the upper surface (Khan et al., 2020). One of the common genera of Sematophyllaceae is Acroporium, while 

one of the common genera of Hypnaceae is Vesicularia. The moss families Calymperaceae, Hypnaceae, and Sematophyllaceae are abundant in the 

Philippines because they are well-adapted to the tropical and subtropical climate of the country, which is characterized by high temperature, humidity, 

and rainfall (Mejia et al., 2020).  

According to a study by Alcala et al. (2020), the most represented families of mosses in the Greater Sipit Subwatershed of the Mt. Makiling Forest 

Reserve, a protected area in Laguna, Philippines, are Calymperaceae (7 species), Fissidentaceae (5 species), and Hypnaceae (4 species). These families 

make up 61.5% of the total mosses found in the area. Another study by Montecillo et al. (2020) reported the species richness of moss flora on the montane 

vegetation of Mt. Apo Natural Park, a protected area in Davao, Philippines. The study identified 79 moss species belonging to 36 genera and 20 families. 

The most abundant families are Sematophyllaceae (15 species), Hypnaceae (8 species), and Calymperaceae (6 species). These studies suggest that the 

moss families Calymperaceae, Sematophyllaceae, and Hypnaceae are common and diverse in the Philippines, especially in the montane forests, where 

they can thrive in moist and shady habitats. Other families like Thuidiaceae, Fissidentaceae, Entodontaceae, and Hypopterygiaceae are present but in 

smaller proportions. Thuidiaceae makes up 10.5% of the total mosses and is characterized by having leaves with a double costa, cells with papillae on 

the upper surface, and capsules with a long and curved beak (Touw, 2014). Some of the common genera of this family are Thuidium, Abietinella, and 

Leskea. Fissidentaceae accounts for 3.9% of the total mosses and is distinguished by having leaves with a unique arrangement, where the upper and lower 

halves are separated by a deep fissure, giving the appearance of teeth (Bartram, 1972). The common genus of this family is Fissidens. Entodontaceae and 

Hypopterygiaceae each makeup 1.3% of the total mosses. One of the common genera of Entodontaceae is Entodon, while Hypopterygium is for 

Hypopterygiaceae. Moss families such as Thuidiaceae and Entodontaceae are not abundant in the Malagos Watershed because they have different 

ecological preferences and adaptations than the more common families like Calymperaceae, Sematophyllaceae, and Hypnaceae. These mosses grow best 

in moisture with increasing altitude, where they can tolerate colder conditions (Manual et al., 2015). 

In general, the number of species tends to rise with elevation, usually linked to heightened humidity, diverse microclimates, and a range of available 

substrates. Moss communities are more significantly impacted by these factors than forest structures despite bryophytes exhibiting resilience to extreme 

conditions. Existing literature often connects higher altitudes with lower temperatures and more humid, cloudy climates — ecological conditions favorable 

for a diverse moss species. Consistent with many zoning studies involving bryophytes, the areas with the highest diversity are typically located at the 

highest elevations (Mejia et al., 2020). The sampling site, Malagos Watershed, has an elevation of 386 m - 497 m above sea level (asl) and can be 

considered a low elevated place, with a minimal gap (111 m) between the minimum and maximum elevation of the sampling site (Salvador, 2023). In 

addition, due to some restrictions in accessing some areas, the researchers only covered a small area to conduct sampling activities. That is why there is 

a limitation in the collection of samples, resulting in only 65 bryophyte samples collected, as stated above.  

Classification of Mosses 

From the 76 samples collected, the species with the highest frequency is Leucophanes glaucum (14), followed by Vesicularia vesicularis (9), and Pelekium 

sp. (6). Table 1 presents the checklist of mosses at Malagos Watershed, Baguio District, Davao City. 
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Table 1. Checklist of Mosses at Malagos Watershed, Baguio District, Davao City 

Family Genus Species Name Frequency 

Brachytheciaceae Brachythecium Brachythecium sp. 1 1 

Calymperaceae Syrrhopodon Syrrhopodon sp. 1 1 

Syrrhopodon sp. 2 1 

Syrrhopodon sp. 3 1 

Syrrhopodon sp. 4 1 

Leucophanes Leucophanes glaucum (Schwägr.) Mitt. 14 

Octoblepharum Octoblepharum albidum Hedw.  3 

         -                  - 3 

Cryphaeaceae Acrocryphaea Acrocryphaea concavifolia (Griff.) A. Jaeger 2 

Entodontaceae         -                 -  1 

Fissidentaceae Fissidens Fissidens robinsonii Broth. 1 

 Fissidens sp. 1 2 

    

Grimmiaceae         -                - 1 

Hypnaceae Ctenidium Ctenidium sp. 1 2 

Vesicularia Vesicularia vesicularis (Schwägr.) Broth. 9 

  Vesicularia dubyana (Müll. Hal.) Broth.  1 

 Vesicularia sp. 1 1 

 Isopterygium Isopterygium sp 2 

          -               - 2 

Hypopterygiaceae Hypopterygium Hypopterygium vriesei Bosch & Sande Lac. 1 

Pottiaceae  Hyophila Hyophila involuta (Hook.) A. Jaeger 2 

Sematophyllaceae Mastopoma 

 

Mastopoma robinsonii (Broth.) E.B. Bartram 1 

 

 Acroporium  Acroporium diminutum (Brid.) M. Fleisch. 1 

  Acroporium sp. 1 1 

 Chiostomum  Chiostomum sp.1  1 

 Meiothecium Meiothecium sp.1  1 

        -               - 11 

Thuidiaceae Pelekium Pelekium velatum Mitt.  1 

Pelekium sp. 1 6 

Thuidium Thuidium plumulosum (Dozy & Molk.) Dozy & Molk 1 
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The moss families listed in Table 1 belong to different families within the class Bryopsida. Bryopsida is the largest and most diverse class of mosses, 

containing about 95% of all moss species. It is characterized by having peristomes, which are tooth-like structures that surround the opening of the capsule 

and help regulate the release of spores (Glime, 2017a). The eleven (11) moss families identified include Hypnaceae, Hypopterygiaceae, Calymperaceae, 

Sematophyllaceae, Fissidentaceae, Thuidiaceae, Brachytheciaceae, Grimmiaceae, Pottiaceae, Cryphaeaceae and Entodontaceae that are prominent within 

the Malagos Watershed Reservation area are widely distributed in the tropical regions of the world. 

The family Brachytheciaceae boasts a cosmopolitan distribution of its species, thriving in diverse regions such as the arctic, boreal, temperate, subtropical, 

and tropical zones. These mosses attach to rocks, barks, and even soils (Ignatov, 2020). Remarkably, they can flourish at altitudes as low as 7550 feet 

(Montana et al., 2023). Within the Brachytheciaceae family, the Genus Brachythecium is commonly found growing on rocky substrates, with certain 

species within this genus specifically thriving on damp or moist rocks in stream beds. 

According to Bartram (1972), mosses of Calymperaceae are usually found attached in tufts on trees which are habit exhibited by identified species L. 

glaucum, O. albidum as well as Syrrhophodon sp. 1. Furthermore, this moss family are resilient on prolonged dry period and are also found in lower 

elevations (Shevock et al., 2017). 

The moss family Cryphaeaceae is a family of mosses that contains about ten genera and 150 species. Acrocryphaea concavifolia is one of the species in 

this family, and it is a small moss that grows on tree trunks and branches. A.  concavifolia has a wide distribution, ranging from tropical Africa, Asia, 

Australia, and the Pacific islands (Reese, 1999). It is found in the Philippines, where it is one of the common epiphytic mosses in lowland forests. 

Specifically, it can be found in areas of lower elevation, where the climate is warm and moist, and where there are more suitable substrates, such as trees 

and shrubs (National Museum of the Philippines, 2021). 

The family Entodontaceae exhibits a widespread distribution globally, extending to the Pacific Islands. As a pleurocarpous family, it is renowned for 

thriving on tree trunks and inhabiting rocky substrates, particularly in tropical areas (Fife, 2014). 

Families like the acrocarpous family Fissidentaceae exhibit a wide distribution in regions characterized by high temperatures and humidity, with their 

species predominantly limited to lowland areas. As altitude increases, the number of species decreases (Suzuki et al., 2018). This family, consisting of 

the single genus Fissidens, holds the distinction of being the largest genus in the world of moss genera, showcasing complex diversity with a multitude 

of species (Kwon, 2021). 

Among the collected moss species within Genus Fissidens, such as Fissidens robinsonii and Fissidens sp. 1, they are commonly found anchoring near 

moist aquatic environments. According to Budke et al. (2022), many taxa within this moss family inhabit aquatic habitats, preferring moist and shady 

environments while avoiding direct exposure to sunlight, as observed in the case of Fissidens sp. 1 and Fissidens robinsonii. These mosses grow on 

substrates along rivers, such as trees and rocks. As noted by Mazhar-Ul-Islam (2020), this family thrives across various environments, from lowland wet 

or moist forests to high mountainous regions. 

The family Grimmiaceae showcases a global distribution in contrast to other families that typically thrive in dry and exposed environments, colonizing 

rocks, stones, and occasionally trees. It frequently forms dark green to black moss cushions (Hastings & Ochyra, 2019). Notably, certain species within 

the Grimmiaceae family are also found in lowland areas (Maier et al., 2017). 

The Family Hypnaceae is considered one of the largest and most diversified families of pleurocarpous mosses with a cosmopolitan distribution. Whereas 

it comprises 1,000 species and 60 genera throughout the globe (Khan et al., 2020). 

According to Bartram (1972), the genus Ctenidium tends to attach itself to trees as well as to rocks. Meanwhile, members of the genus Vesicularia are 

commonly used as “aquarium moss" for decoration. In the wild, Vesicularia species are found along streams. The predominant commonality of the two 

identified species, V. vesicularis and V. dubyana is their access to moist - wet environments. They are commonly placed along stream banks. According 

to Ho et al. (2015), these mosses are usually situated on wet grounds along stream banks or settling on wet forest floors. 

The family Hypopterygiaceae is commonly encountered in regions with high humidity, predominantly distributed along humid forests in temperate to 

tropical areas worldwide. In contrast to the aforementioned larger moss families, Hypopterygiaceae, with its relatively low number of species, also 

exhibits a low number of classified genera. These pleurocarpous mosses typically display a creeping, inverted, and slanted growth form, mainly occupying 

the wet surfaces of rocks in fully shaded areas. One notable characteristic of this moss family is exemplified by Hypopterygium vriesei, which is often 

found on rock walls situated in shaded areas along streams. Additionally, it tends to thrive along stream banks, ensuring continuous access to water (Meng 

et al., 2020; Kruijer, 2002). 

The moss family Pottiaceae is one of the largest and most diverse families of mosses, with about 1500 species distributed worldwide. Hyophila involuta 

is a member of this family, and it is a small moss that grows on wet rocks, often in streams. H. involuta has a nearly cosmopolitan distribution but is more 

common in tropical and subtropical regions (Zander & Allen, 2019). It is found in the Philippines, where it is one of the few mosses that can tolerate high 

temperatures and frequent drying and wetting cycles. Specifically, it can be found in areas of lower elevation, where the climate is warmer and more 

humid, and where there are more suitable habitats, such as streams, rivers, and wet cliffs (National Museum of the Philippines, 2021). 

The family Sematophyllaceae is predominantly distributed worldwide, with a thriving presence in tropical to temperate regions (Schofield, 2020). As 

noted by Han and Jia (2020), it stands out as one of the most diverse moss families within pleurocarpous moss, commonly flourishing in areas where 

water availability ranges from moist to wet. These mosses are typically found on substrates such as trees and logs (Bartram, 1972). The observed behavior 
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of Acroporium sp. 1 and Acroporium diminutum aligns with the family's characteristics. On the other hand, Mastopoma robinsonii is often found thriving 

in soil or rock substrates, particularly in shady and moist areas (Selina Wamucii, 2023). 

With seven (7) genera identified in regions like Tropical Asia and the Western Pacific, the family Thuidiaceae comprises pleurocarpous mosses widely 

distributed worldwide, predominantly inhabiting lowland forests (Touw, 2001; Ellis et al., 2019; Pephu, 2014). Often characterized as moss in thin mats, 

species in this family are found on various substrates such as rocks, logs, dead wood, and even sandstone. According to Bartram (1972), species within 

the genus Pelekium, specifically P. velatum and Thuidium plumulosum are, commonly thriving on logs or dead wood. 

Substrates Colonized by the Mosses 

The most common substrate for mosses in the Malagos Watershed is tree trunk, which accounts for 40% of the total area. This suggests that mosses prefer 

to grow on woody surfaces that provide support, moisture, and nutrients. Tree trunks may also offer protection from direct sunlight, wind, and herbivores. 

Additionally, the tree bark’s grooves and crevices enable the moss spores to be established (Forest Preserve District Willcounty, 2020). The second most 

common substrate is rock, which covers 20% of the area. These rock surfaces were found near the stream and are constantly supplied with enough water. 

Rock crevices, which occupy 4.4% of the area, also provide favorable microhabitats for mosses, as they can trap water, soil, and organic matter 

(Encyclopaedia Britannica, 2023). The third most common substrate is tree base, which occupies 11.1% of the area. Tree bases are similar to tree trunks, 

but they are more sheltered than on tree trunks with a relatively high humidity as well as reduced light intensity. Some mosses may grow on tree bases 

due to spore dispersal from tree trunks or soil (Sales et al., 2016). The other substrates are less common, and they include tree leaves (2.2%), tree-

fallen/dead/rotten branches (11.1%), soil humus (8.9%), soil clay (1.1%), and tree branch (1.1%). These substrates vary in physical and chemical 

properties, such as texture, pH, moisture, and nutrient content. Mosses grow on different substrates due to their high adaptability to different environmental 

conditions that allow them to thrive not only in wet habitats but also in dry ones as well (Asher, 2023). 

Table 2. Substrate Preference of Moss species in Malagos Watershed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results presented in Table 2 suggest that moss species exhibit varying degrees of substrate specificity, ranging from very narrow to very broad. Moss 

species Hypopterygium vriesi Bosch & Sande Lac. of the family Hypopterygiaceae demonstrates a narrow preference for habitat, specifically favoring 

rocks in the tropical forest of Malagos Watershed Reservation. This indicates that H. vriesei is a highly specialized and rare moss species, contrasting 

with the more general substrate preference of Vesicularia vesicularis (Schwägr.) Broth of the family Hypnaceae, which thrives in various habitats, 

including trees, rocks, and soils. 
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Additionally, certain species, such as Hyophila involuta of the family Pottiaceae and Fissidens robinsonii Broth. and Fissidens sp. 1 of the family 

Fissidentaceae exhibit a distinct preference for rock substrates. This suggests that these moss families, particularly the mentioned species,  

have adapted to the specific conditions of their preferred substrates, including factors like moisture, temperature, light, and nutrients. Furthermore, some 

moss species from the families Calymperaceae and Hypnaceae prefer moist and shaded substrates, such as the base of a tree, fallen/dead/rotten branches, 

tree leaves, and the top/wall of rocks. This implies that these families, along with their respective species, share similarities in their ecological 

requirements, potentially leading to competition or coexistence.  

These results can be explained by various factors influencing the distribution and diversity of mosses, including elevation, climate, substrate chemistry, 

and human disturbance (Turetsky et al., 2012). The tropical climate of the Malagos Watershed, with distinct wet and dry seasons, influences the 

availability and quality of substrates for mosses. Mosses, being dependent on water, may exhibit different growth patterns during these seasons, with 

some species having adaptations to cope with drought. Substrate preferences, whether for water retention or quick drying, can influence the advantage of 

certain moss species during specific seasons. 

Using Chi-square test, the following hypotheses were formulated: 

● Null hypothesis (H0): There is no significant relationship between moss species and moss substrates. 

● Alternate hypothesis (H1): There is a significant relationship between moss species and moss substrates. 

Since 0.008 < 0.05, reject H0. Thus, there is enough evidence at α = 0.05 that there is a significant relationship between moss species and moss substrates. 

It means that the presence of moss species is influenced by the type of substrate on which they are found. 

CONCLUSION 

This study revealed that the area has a significant number of mosses for lower elevations, with a total of 76 samples belonging to 25 species, 17 genera, 

and 11 families. Mosses of the Malagos Watershed relatively have a lower species richness compared to areas with higher elevations. Thus, elevation 

and climatic conditions indeed significantly influence the diversity of mosses, particularly in areas where non-vascular plants struggle to survive. 

Additionally, the history of human exploitation in the region posed a threat, potentially impacting the abundance of moss species. However, ongoing 

protection of the watershed might improve the status of mosses through time. In terms of substrate preference, the study showed a significant correlation 

between moss substrates and moss species. Overall, this study contributes to the knowledge of bryophyte diversity and distribution in the Malagos 

Watershed and supplies essential data for subsequent research in this area. 

ACKNOWLEDGMENT 

The authors are grateful to the Department of Environment and Natural Resources-Protected Area Management Board (DENR-PAMB) for granting the 

permission to conduct the study. Also, to the guards of the Philippine Eagle Foundation (PEF) and the guides of the DCWD for ensuring the safety and 

security during the fieldwork. Finally, to the Department of Science and Technology (DOST), for the scholars' financial assistance that enabled the 

researchers to pursue their academic goals. 

REFERENCES 

Alcala, A. 2019. Diversity of mosses in Mt. Makiling Forest reserve, Philippines. Biodiversitas, 20(6), 1729-1734. DOI: 10.13057/biodiv/d200632 

Bartram, E. 1972. Mosses of the Philippines. Otto Koeltz Publishers Koenigstein - Taunus. ISBN 3-87429-033-6 

Bengtsson, F., Granath, G., Cronberg, N., & Rydin, H. 2020. Mechanisms behind species-specific water economy responses to water level drawdown in 

peat mosses. Annals of Botany, 126(2), 219–230. DOI: 10.1093/aob/mcaa033 

Budke, J. M., Patel, N., Consortium, G., Wienhold, M. D., & Bruggeman-Nannenga, M. A. 2022. Exploring morphological evolution in relation to habitat 

moisture in the moss genus Fissidens using molecular data generated from herbarium specimens. Journal of Systematics and Evolution, 61(5), 868–889. 

DOI: 10.1111/jse.12926 

Canakan, M. C., Lubos, L. C., Azuelo, A. G., & Villegas, J. P. 2022. New records of Moss flora in Mt. Mayo range, Davao Oriental, Philippines. Asian 

Journal of Conservation Biology, 11(1), 2278–7666. DOI: 10.53562/ajcb.73525 

Buck, W. R., & Goffinet, B. 2012. Morphology and classification of mosses. Cambridge University Press. DOI: 10.1017/cbo9781139171304.004 

Coelho, M. C. M., Gabriel, R., Hespanhol, H., Borges, P. A. V., & Ah-Peng, C. 2021. Bryophyte Diversity along an Elevational Gradient on Pico Island 

(Azores, Portugal). Diversity, 13(4), 162. MDPI AG. DOI: 10.3390/d13040162 

Crandall-Stotler, B. J., & Bartholomew-Began, S. E. 2007. Morphology of mosses (Phylum Bryophyta). Flora of North America. 

http://flora.huh.harvard.edu/FloraData/001/WebFiles/fna27/FNA27-1-Morphology.htm 

Crosby, M. R., Peng-cheng, W., & He, S. 2011. Moss Flora of China, Volume 5: Erpodiaceae to Climaciaceae (Vol. 5). Missouri Botanical Garden Press. 



International Journal of Research Publication and Reviews, Vol 5, no 6, pp 2232-2242 June 2024                                     2239 

 

 

Buck, W. R., & Eddy, A. 1991. A Handbook of Malesian mosses. Volume 2. Leucobryaceae to Buxbaumiaceae. The Bryologist, 94(1), 132. DOI: 

10.2307/3243745 

Dollery, R., Bowie, M. H., & Dickinson, N. M. 2022. The ecological importance of moss ground cover in dry shrubland restoration within an irrigated 

agricultural landscape matrix. Ecology and Evolution, 12(4), e8843. DOI: 10.1002/ece3.8843 

Ellis, L. T., Aleffi, M., Bączkiewicz, A., Buczkowska, K., Bambe, B., Boiko, M., Zagorodniuk, N., Brusa, G., Burghardt, M., Calleja, J. A., Mazimpaka, 

V., Lara, F., Fedosov, V. E., Gremmen, N. J., Homm, T., Hugonnot, V., Ignatova, E. A., Klama, H., Kučera, J., . . . Wolski, G. J. 2019. New national and 

regional bryophyte records, 60. Journal of Bryology, 41(3), 285–299. DOI: 10.1080/03736687.2019.1643117 

Estlack, S. 2022. The Life Cycle of Mosses (Bryophytes) Lab. OERTX. https://oertx.highered.texas.gov/courseware/lesson/3273/overview 

Faculty of Science - University of Copenhagen. 2020. Researchers discover the secret of how moss spreads. ScienceDaily. Retrieved May 2, 2023, from 

https://www.sciencedaily.com/releases/2020/11/201110112514.htm 

Farias, R. S., Silva, M. P. P., Maciel-Silva, A. S., & Pôrto, K. C. 2017. Influence of environmental factors on the distribution of Calymperes and 

Syrrhopodon (Calymperaceae, Bryophyta) in the Atlantic Forest of Northeastern Brazil. Flora, 234, 158–164. DOI: 10.1016/j.flora.2017.07.011 

Fernandez-Martinez, M., Berloso, F., Corbera, J., Garcia-Porta, J., Sayol, F., Preece, C., & Sabater, F. 2019. Towards a moss sclerophylly continuum: 

Evolutionary history, water chemistry and climate control traits of hygrophytic mosses. Functional Ecology, 33(12), 2273-2289. DOI: 10.1111/1365-

2435.13443 

Fife, A. J. 2014. Flora of New Zealand Mosses: Entodontaceae. 

Fisher, K. M., Wall, D. P., Yip, K. L., & Mishler, B. D. 2007. Phylogeny of the Calymperaceae with a Rank-Free Systematic Treatment. The Bryologist, 

110(1), 46–73. http://www.jstor.org/stable/20110833 

Forest Preserve District Willcounty. 2020. Myth buster: Moss doesn’t only grow on the north side of trees. https://www.reconnectwithnature.org/news-

events/the-buzz/myth-buster-moss-doesnt-grow-north-side/ (tree bark/trunk) 

Gaeta, D. 2018, June 14. Lichens and moss are beneficial to forest ecology. Times Herald-Record. https://www.recordonline.com/story/lifestyle/home-

garden/2018/06/16/lichens-moss-are-beneficial-to/11959031007/ 

Glime, J. M. 2017a. Chapter 2: Life Cycles and Morphology. In Bryophyte Ecology (Vol. 1). Michigan Technological University. 

https://digitalcommons.mtu.edu/bryophyte-ecology1/1/ 

Glime, J. M. 2017b. Chapter 9 - Light. Bryophyte Ecology Volume 1: Physiological Ecology (p. 8). Retrieved from 

https://digitalcommons.mtu.edu/bryophyte-ecology1/8/ 

Glime, J. M. 2020. Stream Physical Factors Affecting Bryophyte Distribution. J. M. Glime (Ed.), Bryophyte Ecology: Volume 4. Habitats and Roles (pp. 

2-1-1). Michigan Technological University and the International Association of Bryologists. http://digitalcommons.mtu.edu/bryophyte-ecology/ 

Han, W., & Jia, Y. 2020. Phylogeny and classification of the Sematophyllaceae s.l. (Hypnales, Bryophyta). Journal of Systematics and Evolution. DOI: 

10.1111/jse.12644 

Hastings, R. I., & Ochyra, R. 2019. Grimmiaceae. Flora of North America, 27, 204. http://www.efloras.org/florataxon.aspx?flora_id=1&taxon_id=10385 

Hedenäs, L. 2012. Australian Mosses Online. Brachytheciaceae, 65. Retrieved from http://www.anbg.gov.au/abrs/Mosses_online/Brachytheciaceae.pdf 

Ho, B., Tan, B. C., Tam, L. T., & Rahman, U. A. 2015. Guide to the bryophytes in the Limestone Glass House of Queen Sirikit Botanic Garden. 

Hoff, M. 2023, February 8. Moss Growing. Outdoor Moss. https://outdoormoss.com/category/moss-growing 

Huttunen, S., Bell, N., & Hedenäs, L. 2018. The evolutionary diversity of mosses – Taxonomic heterogeneity and its ecological drivers. Critical Reviews 

in Plant Sciences, 37(2-3), 128-174. DOI: 10.1080/07352689.2018.1482434 

Ignatov, M. S. 2019. Brachytheciaceae. Flora of North America. http://floranorthamerica.org/Brachytheciaceae 

Integrated Taxonomic Information System. 2023. ITIS - Report: Bryophyta. Integrated Taxonomic Information System. 

https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=14189#null 

Jang, K., & Viles, H. 2021. Moisture interactions between mosses and their underlying stone substrates. Studies in Conservation, 67(8), 532–544. DOI: 

10.1080/00393630.2021.1892430 

Jakubovskis, R., Malaiškienė, J., & Gribniak, V. 2023. Bio-colonization layered concrete panel for greening vertical surfaces: A field study. Case Studies 

in Construction Materials, 19, e02394. DOI: 1016/j.cscm.2023.e02394 

Khan, A. G., Ahmad, M., Zafar, M., Athar, M., Özdemir, F. A., Gilani, S. A., Sultana, S., Ahmad, S., Butt, M. A., Majeed, S., & Khan, S. U. 2020. 

Morphological characterization of Hypnaceae (Bryopsida, Hypnales): Investigating four genera from Western Himalayas by using LM and SEM 

techniques. Microscopy Research and Technique, 83(6), 676–690. DOI: 10.1002/jemt.23458 



International Journal of Research Publication and Reviews, Vol 5, no 6, pp 2232-2242 June 2024                                     2240 

 

 

Klazenga, N. 2012. Australian Mosses Online. Plagiotheciaceae, 18. http://www.anbg.gov.au/abrs/Mosses_online/Plagiotheciaceae.pdf 

Kruijer, H. 2002. Hypopterygiaceae of the world. Blumea. Supplement, 13(1), 1–388. 

https://repository.naturalis.nl/pub/526321/BLUMSUP2002013001001.pdf 

Kwon, W. 2021. Fissidens (Fissidentaceae, Bryophyta) species newly recorded in Korea. Singmulbullyuhakoeji, 51(1), 18–32. DOI: 

10.11110/kjpt.2021.51.1.18 

Lára. 2017. Sampling to determine biodiversity (4.2.2): OCR A Level Biology Revision notes 2017. Save My Exams. https://www.savemyexams.co.uk/a-

level/biology/ocr/17/revision-notes/4-biodiversity-evolution--disease/4-2-biodiversity/4-2-2-sampling-to-determine-

biodiversity/#:~:text=Opportunistic%20sampling%20involves%20picking%20and%20on%20various%20non%2Drandom%20factors. 

Lin, W., Wang, Y., Coudert, Y., & Kierzkowski, D. 2021. Leaf morphogenesis: Insights from the moss Physcomitrium patens. Front Plant Sci., 12. DOI: 

10.3389/fpls.2021.736212 

Maier, E., Price, M., & Hedderson, T. A. 2017. A revision of Grimmia (Grimmiaceae) from South Africa and Lesotho. Candollea, 72(1), 199–230. DOI: 

10.15553/c2017v721a12 

Malcolm, B., & Malcolm, N. 2006. Mosses and Other Bryophytes: An Illustrated Glossary. 

Manual, et.al. 2015. Preliminary assessment of moss flora in Mt. Nebo, Valencia City, Bukidnon Philippines. Univ. of Min. Intl. Mult. Res. Jour. vol. 1, 

no. 1, pp. 158-169. https://journal.umindanao.edu.ph/ 

Mazhar-Ul-Islam. 2020. Fissidentaceae: a tiny Fern moss family. In BENTHAM SCIENCE PUBLISHERS eBooks (pp. 159–173). DOI: 

10.2174/9789811433788120010016 

McCauley, 2019. Mosses. Brian McCauley. https://brianmccauley.net/bio-6a/bio-6a-lab/plants/mosses 

Mchale, E. 2020. 7 interesting things about moss. Kew. https://www.kew.org/read-and-watch/moss 

Mehak, N. 2016. Classification of Bryopsida: 16 orders | Bryophytes. Biology Discussion. 

https://www.biologydiscussion.com/botany/bryophytes/classification-of-bryopsida-16-orders-bryophytes/58914#Order_10_Grimmiales 

Mejia, A., Castro, V. L., Peralta, D. F., & Moncada, B. 2020. Altitudinal zonation of mosses in west of the Sierra Nevada of Cocuy, Boyacá, Colombia. 

Hoehnea, 47. DOI: 10.1590/2236-8906-16/2020 

Meng, W., Ren, Q., Tu, N., Leng, T., Dai, Q., & Yi, X. 2020. Composition and distribution characteristics of karst epilithic moss communities. Research 

Square (Research Square). DOI: 10.21203/rs.3.rs-57464/v1 

Mitton, J. 2017. Microscopic structures on moss leaves collect water from humid air. University of Colorado Boulder. 

https://www.colorado.edu/asmagazine/2017/06/27/microscopic-structures-moss-leaves-collect-water-humid-air 

Mohanasundaram, B., & Pandey, S. 2022. Effect of environmental signals on growth and development in mosses. Journal of Experimental Botany, 

73(13), 4514–4527. DOI: 10.1093/jxb/erac138 

Montana Field Guide. 2023, December 20. A Homalothecium moss - Homalothecium aeneum. MT. GOV. 

https://fieldguide.mt.gov/speciesDetail.aspx?elcode=NBMUS3L010 

Montecillo, et.al. 2021. Species Richness of Moss Flora on the Montane Vegetation of Mt. Apo Natural Park, Davao, Philippines. ResearchGate. 

https://www.researchgate.net/publication/351845305 

Moore, J. C., & Mueller, N. D. 2024. The application of knowledge in soil microbiology, ecology, and biochemistry (SMEB) to the solution of today’s 

and future societal needs. In Elsevier eBooks (pp. 493–536). DOI: 10.1016/b978-0-12-822941-5.00017-x 

Nadkarni, N. M. 2023. Complex consequences of disturbance on canopy plant communities of world forests: a review and synthesis. New Phytologist, 

240(4), 1366–1380. DOI: 10.1111/nph.19245 

National Park Service. 2021. Mosses and Liverworts. https://www.nps.gov/arch/learn/nature/mossesandliverworts.htm 

National Museum of the Philippines 2021. Mosses of the Philippines. Botany and National Herbarium. 

https://www.nationalmuseum.gov.ph/ourcollections/botany-and-national-herbarium/bryophytes/ 

Nagase, A., Katagiri, T., & Lundholm, J. 2023. Investigation of moss species selection and substrate for extensive green roofs. Ecological Engineering, 

189, 106899. DOI: 10.1016/j.ecoleng.2023.106899 

Niinemets, Ü., & Tobias, M. 2019. Canopy leaf area index at its higher end: dissection of structural controls from leaf to canopy scales in bryophytes. 

New Phytologist, 223(1), 118–133. DOI: 10.1111/nph.15767 

Ogwu, M. C. 2019. Ecological and Economic Significance of Bryophytes. ResearchGate. 

https://www.researchgate.net/publication/337196419_Ecological_and_Economic_Significance_of_Bryophytes 



International Journal of Research Publication and Reviews, Vol 5, no 6, pp 2232-2242 June 2024                                     2241 

 

 

Petersson, L., Nilsson, S., Holmström, E., Lindbladh, M., & Felton, A. 2021. Forest floor bryophyte and lichen diversity in Scots pine and Norway spruce 

production forests. Forest Ecology and Management, 493, 119210. DOI: 10.1016/j.foreco.2021.119210 

Phephu, N. 2014. A taxonomic revision of Thuidiaceae (Bryophyta) in Africa and the East African islands. https://repository.up.ac.za/handle/2263/41007 

Radziemska, M., Mazur, Z., Bes, A., Majewski, G., Gusiatin, Z. M., & Brtnicky, M. 2019. Using mosses as bioindicators of potentially toxic element 

contamination in ecologically valuable areas located in the vicinity of a road: A case study. International Journal of Environmental Research and Public 

Health, 16(20). DOI: 10.3390/ijerph16203963 

Reece, J. B., Jackson, R. B., Urry, L. A., Cain, M. L., Minorsky, P. V., & Wasserman, S. A. 2012. Campbell Biology. Benjamin-Cummings Publishing 

Company. 

Reese, W. D., & Stone, I. G. 2012. Australian Mosses Online. 13. Calymperaceae. Retrieved from 

http://www.anbg.gov.au/abrs/Mosses_Online/Calymperaceae_family.pdf 

Reese, W. D. 1999. The moss family Cryphaeaceae in North America north of Mexico. Evansia, 16(1), 20–27. DOI: 10.5962/p.346799 

Sales, K., Kerr, L., & Gardner, J. 2016. Factors influencing epiphytic moss and lichen distribution within Killarney National Park. Bioscience Horizons, 

9, hzw008. DOI: 10.1093/biohorizons/hzw008 

Salvador, C. 2023. Davao's Malagos Watershed and the life it gives and protects. Region 11 DENR Davao. 

https://r11.denr.gov.ph/index.php/newsevents/press-releases/1627-davao-s-malagos-watershed-and-the-life-it-gives-and-protects 

Schofield, W. B. 2023. Bryophyte | Definition, Characteristics, Structure, Examples, & Facts. Encyclopedia Britannica. 

https://www.britannica.com/plant/bryophyte 

Schofield, W. B. 2020. Sematophyllaceae. Flora of North America. http://floranorthamerica.org/Sematophyllaceae 

Selina Wamucii. 2023. Plants Selina Wamucii. https://www.selinawamucii.com/plants/pylaisiadelphaceae/mastopoma-robinsonii/ 

Seppelt, R. D., Meagher, D., Cairns, A., & Franks, A. G. 2022. The family Calymperaceae (Bryophyta) in Australia. Part 4: The genus Calymperes. 

Telopea, 25. DOI: 10.7751/telopea15546 

Shevock, J. R., Lambio, I. A. F., & Tan, B. C. 2014. Collection and Preparation Techniques of Bryophyte specimens in biodiversity inventories. In The 

Coral. 

Shevock, J. R., Ma, W., & Akiyama, H. 2017. Diversity of the rheophytic condition in bryophytes: field observations from multiple continents. Bryophyte 

Diversity and Evolution, 39(1), 75. DOI: 10.11646/bde.39.1.12 

Shevock, J. R., & Yorong, A. P. 2018. New additions to the moss flora of Mindanao Island, Republic of the Philippines. Philippine Journal of Systematic 

Biology, 12(1). DOI: 10.26757/pjsb.2018a12004 

Shistar, T. 2020. Tracking Biodiversity Mosses. Beyond Pesticides. https://www.beyondpesticides.org/assets/media/documents/journal/bp-40.1-sp20-

Tracking%20Biodiversity.%20Mosses.pdf 

Siwach, A., Kaushal, S., & Baishya, R. 2021. Effect of Mosses on physical and chemical properties of soil in temperate forests of Garhwal Himalayas. 

Journal of Tropical Ecology, 37(3), 1-10. DOI:10.1017/S0266467421000249 

Song, S., Liu, X., Bai, X., Jiang, Y., Zhang, X., Yu, C., & Shao, X. 2015. Impacts of environmental heterogeneity on moss diversity and distribution of 

Didymodon (Pottiaceae) in Tibet, China. PLOS ONE, 10(7), e0132346. DOI: 10.1371/journal.pone.0132346 

Susilo, & Suciati, R. 2016. Studies of morphological and secondary metabolites variety of mosses (Bryophyta) in Cibodas, West Java. International 

Journal of Advanced Research, 4(Dec), 1397-1402. DOI: 10.21474/IJAR01/2536 

Suzuki, T., Inoue, Y., & Tsubota, H. 2018. Molecular phylogeny of the genus Fissidens (Fissidentaceae, Bryophyta) and a refinement of the infrageneric 

classification. Molecular Phylogenetics and Evolution, 127, 190–202. DOI: 10.1016/j.ympev.2018.05.020 

Świsłowski, P., Nowak, A., & Rajfur, M. 2022. The influence of environmental conditions on the lifespan of mosses under long-term active 

biomonitoring. ScienceDirect. Retrieved May 3, 2023, from DOI: 10.1016/j.apr.2021.101203 

Tan, B. C., & Iwatsuki, Z. 1991. A New Annotated Philippine Moss Checklist. Harvard Papers in Botany. Harvard University Herbaria. Vol. 1, No. 3, 

pp. 1-64 

The University of British Columbia. 2001. Biology 321 - UBC. Biology 321 - UBC. https://www3.botany.ubc.ca/bryophyte/mossintro.html 

Tinker, D. 2016, January 8. Dead trees are anything but dead - the National Wildlife Federation blog. The National Wildlife Federation Blog. 

https://blog.nwf.org/2014/07/dead-logs-are-anything-but-dead/ 

Touw, A. 2001. A taxonomic revision of the Thuidiaceae(Musci) of tropical Asia, the western Pacific, and Hawaii. Journal of the Hattori Botanical 

Laboratory, 91(91), 1–136. DOI: 10.18968/jhbl.91.0_1 



International Journal of Research Publication and Reviews, Vol 5, no 6, pp 2232-2242 June 2024                                     2242 

 

 

Touw, A. 2014. Australian Mosses Online. Thuidiaceae, 23.http://www.anbg.gov.au/abrs/Mosses_online/Thuidiaceae.pdf 

UBC Botanical Garden 2023. Class Tetraphidopsida| Introduction to Bryophytes. UBC Blogs. Retrieved May 3, 2023, from 

https://blogs.ubc.ca/biology321/?page_id=68 

Varela, Z., Real, C., Branquinho, C., do Paço, T. A., & de Carvalho, R. C. 2021. Optimising Artificial Moss Growth for Environmental Studies in the 

Mediterranean Area. Plants, 10(11), 2523. DOI: 10.3390/plants10112523 

Wang, Z., & Bader, M. Y. 2018. Associations between shoot-level water relations and photosynthetic responses to water and light in 12 moss species. 

Aob Plants, 10(3). DOI: 10.1093/aobpla/ply034 

Wagner, R. 2019. EMBRYOPHYTA. ENCYCLOPEDIA OF LIFE SUPPORT SYSTEMS (EOLSS). http://www.eolss.net/sample-chapters/c03/E6-71-

90-06.pdf 

Weru, L. 2021. Life Cycle of a Moss - Infographic. STEM Lounge. https://stemlounge.com/life-cycle-of-a-moss-infographic/ 

Yatim, N., & Azman, N. 2021. Moss as Bio-indicator for Air Quality Monitoring at Different Air Quality Environment. International Journal of 

Engineering and Advanced Technology (IJEAT). DOI:10.35940/ijeat.E2579.0610521 

Ye, P., Qian, X. C. Y., Wu, J., & Zhao, X. 2023. Habitat preference and diversity of bryophyte in the Jiulongshan National Forest Park, Eastern China. 

All Life, 16(1). DOI: 10.1080/26895293.2023.2271177 

Zander, Richard & Allen, Bruce. 2019. A New Genus and Species of Pottiaceae (Bryophyta) from Guam Territory, U.S.A., western Pacific. Bryophyte 

Diversity and Evolution. 41. 65-70. DOI: 10.11646/bde.41.2.2. 

 

 


