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Abstract

This research investigated the environmental and topographical variables influencing the distribution of
moss, utilizing data from 455 sampling locations in the Cankiri-Eldivan Mountain region. Logistic
regression analysis results indicated that the primary determinants of moss presence were elevation, mean
temperature, and slope. Elevation positively influences moss presence, whereas mean temperature
negatively affects it. Slope, conversely, positively influenced moss habitats by enhancing water retention
and soil stability. Despite the limited impact of the aspect, surfaces oriented towards the north and east
were more advantageous. The total precipitation positively influenced moss presence; however, this effect
was eclipsed by elevation. These findings significantly enhance the comprehension of mosses' ecological
tolerance and reliance on environmental variables. The research underscores critical environmental
variables influencing moss distribution and establishes a foundation for natural resource management,
biodiversity conservation strategies, and evaluation of climate change impacts. Future research should
investigate anthropogenic influences on moss distribution more comprehensively and employ molecular
ecological techniques.
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Yar1 Kurak Bolgelerde Karayosunu Varhgim Etkileyen Cevresel ve Topografik
Degiskenler: Cankiri-Eldivan Dag1 Ornegi

Oz

Bu calisma, Cankiri-Eldivan Dagi’ndaki 455 ornekleme noktasindan elde edilen veriler kullanilarak
karayosunu varligini etkileyen gevresel ve topografik faktorleri incelemektedir. Lojistik regresyon analizi
sonuglari, karayosunu varligini belirleyen en giiclii faktorlerin yiikselti, ortalama sicaklik ve egim
oldugunu gostermistir. Yiikselti, karayosunu varlig1 {izerinde pozitif bir etkiye sahipken, ortalama sicaklik
negatif bir etki gostermektedir. Egim ise su birikimi ve toprak stabilitesini destekleyerek karayosunu
habitatlarin1 olumlu yonde etkilemistir. Baki degiskeni sinirli bir etki gosterse de kuzey ve dogu yonelimli
yiizeylerin daha avantajli oldugu belirlenmistir. Toplam yagisin karayosunu varligi iizerinde pozitif bir
etkisi oldugu tespit edilmistir, ancak bu etkinin yiikseltinin golgesinde kaldig1 goriilmiistiir. Bu bulgular,
karayosunlarinin ekolojik toleranslarini ve ¢evresel degiskenlere olan bagimliliklarin1 anlamada 6nemli
katkilar saglamaktadir. Calisma, karayosunlarmin dagilimimi etkileyen temel c¢evresel faktorleri
vurgularken, dogal kaynak ydnetimi, biyogesitlilik koruma stratejileri ve iklim degisikliginin etkilerini
degerlendirmek i¢in bir temel sunmaktadir. Gelecekteki caligmalar, karayosunu dagilimini etkileyen insan
kaynakli faktorlerin daha detayli bir sekilde incelenmesini ve molekiiler ekoloji yaklagimlarinin
kullanilmasini 6nermektedir.
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1. Introduction

Mosses are prevalent in terrestrial ecosystems, and
their presence and distribution result from the
interaction of environmental and geographical
processes and phenomena. These encompass
climate, soil types and processes, topography, and
biotas that collectively influence the habitats in
which mosses are located. Mosses exhibit
remarkable adaptability, thrive in habitats ranging
from arid deserts to verdant forests and urban
settings. Understanding moss ecology necessitates
an examination of the influences of temperature,
precipitation, soil chemistry, and topography
(Alatas et al. 2023).

Temperature and precipitation are the primary
determinants of moss distribution among the
climatic factors. In Qinhuangdao, China, the
annual temperature range significantly influences
the composition of moss communities (Zheng et
al., 2024). In the Gurbantunggut Desert, average
annual temperature and precipitation are critical
factors influencing moss growth (Ji et al., 2018).
Additionally, variables such as light intensity and
solar radiation affect moss diversity. Despite the
harsh conditions in Antarctica, mosses exhibit
adaptation to microclimatic regions, utilizing
optimal light conditions for photosynthesis (Yin et
al., 2023). The soil characteristics significantly
affect the occurrence of mosses. Soil chemistry,
especially pH, mineral content and cation
exchange capacity, are essential parameters that
favor moss development (Perdrizet and McKnight,
2012; Abay et. al., 2014; Abay et. al., 2015). In
Changbai Mountain, the primary edaphic factors
influencing moss distribution are soil sand content
and soil acidity (Shui-Liang and Tong, 2001).
Moreover, soil moisture significantly influences
moss presence and ecosystem processes in desert
and Arctic regions (Gornall et al., 2007).

Topographic and geographic factors significantly
influence the spatial distribution of mosses. As
demonstrated by numerous studies (Shui-Liang
and Tong, 2001), altitude significantly influences
the distribution patterns of moss taxa. Latitude is a
significant factor influencing the development of
moss colonies, particularly in Central Asia (Ji et
al., 2018). Moreover, habitat heterogeneity
enhances moss diversity in regions such as South
Africa, where specific areas are recognized as
biodiversity hotspots (Rooy and Phephu, 2016).

Biotic interactions and anthropogenic activities
significantly influence moss ecology. The
existence of specific vegetation and tree species
influences epiphytic moss communities (Perdrizet
and McKnight, 2012). Mosses inhabit diverse

surfaces in urban environments, adjusting to light,
humidity, and temperature conditions modified by
human activity (Cruz et al., 2023). Moreover,
disturbance can influence both the presence of
moss and ecosystem processes, thereby modifying
ecological functioning, mainly through changes in
soil temperature and moisture equilibrium (Gornall
et al., 2007).

Mosses have significant ecological functions in
ecosystems from tropical to polar regions. Their
roles in carbon and nitrogen cycling, the ability to
enhance soil properties, and regulation of water
dynamics are essential for ecosystem stability and
resilience. Mosses in boreal ecosystems establish
symbiotic  associations with  nitrogen-fixing
cyanobacteria, influencing the nitrogen cycle and
aiding in carbon fixation (Alvarenga and Rousk,
2022). Moreover, their ability to retain soil
moisture and diminish evaporation is crucial for
sustaining soil carbon reserves (Shidong et al.,
2019).

Mosses facilitate the accumulation of soil carbon
and nitrogen in ecosystem restoration by affecting
soil microbial communities and properties. This
aids in the restoration of ecosystems, particularly
in compromised regions (Xiao et al., 2023). The
resilience of mosses to environmental disturbances
and ability to adapt to varying conditions are
essential for ecosystem functionality. The potential
effects of climate change and land use alterations
on these ecosystems constitute a vital domain for
future research (Gonzalez-Aragon et al., 2024).
Understanding these dynamics is essential for
formulation of conservation and management
strategies.

The primary aim of this study was to identify the
environmental and geographical factors
influencing moss presence and to evaluate their
relative effects on moss ecology. Mosses exhibit
heightened sensitivity to microclimatic conditions
as a group of plants integral to ecosystem
functionality. Consequently, comprehending the
impact of environmental factors such as slope,
aspect, elevation, temperature, and precipitation on
the development of moss habitats is essential for
analyzing ecosystem dynamics and enhancing
natural resource management strategies. This study
sought to examine the principal factors that
facilitate the existence of black moss in a particular
geographic area. The study aims to ascertain the
impact of variables including slope, aspect,
elevation, rainfall, and temperature on the
prevalence of moss and to elucidate the relative
significance of these effects.
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- To create an ecological model capable of
predicting moss presence.

- To juxtapose the study's findings with the current
ecological literature to provide new insights and
enhance the knowledge.

- To propose sustainable strategies for managing
and conserving moss habitats through the
application of collected data.

2. Materials and Methods

2.1. Research area and sampling design

The research was conducted in Eldivan Mountain,
situated in Cankir1 province (Figure 1). The study

area provides an appropriate setting for examining
the distribution of mosses owing to its
geographical and topographical diversity. The
sampling areas were structured as a grid with a
spacing of 300x300 m, resulting in a total of 455
sampling points established. The procedure was
executed using ArcGIS 10.6.1 software. The
geographical  attributes of the locations,
particularly topographic variables including slope,
aspect, and elevation, were examined in an office
setting.
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Figure 1. Location of the study area.

2.2. Sampling design

During the field surveys, a 2x2 m grid system was
implemented at each sampling location, and the
occurrence of mosses within the grid was
documented. This method standardized sampling
density and facilitated a more precise assessment
of plant presence at the microhabitat level.

2.3. Acquisition of meteorological data

Mean precipitation, total precipitation, and mean
temperature values for each sampling location
were obtained from data sourced from the Cankiri

Meteorological Station (MGM, 2024). The spatial
distribution of meteorological variables was
interpolated using specific elevation values from
individual  points. The Schreiber method
(Schreiber, 1904) was employed for the
interpolation of precipitation data, whereas the
Lapse Rate method (Rolland, 2003) was utilized
for the interpolation of temperature data. These
methods are predominantly favored for the
accurate modeling of climatic variations at various
altitudes.
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2.4. Statistical analyzes

Statistical analyses were performed to find
environmental variables influencing the occurrence
of mosses. First, correlation analysis was
performed to evaluate the associations among
variables (Pearson, 1895). Then logistic regression
was applied for the binary moss variable
(present/absent; Hosmer and Lemeshow, 2000).
This method is appropriate to evaluate the
probability of dependent variable presence,
constituting a quantitative assessment of the
relative effect of environmental variables. The
logistic regression model used to estimate the
presence of moss is described in equation 1.

1
1+e—(BO+B1x1+p2x2+..fnxn)

PY=1)= (Eq. 1)
P(Y=1): Probability of moss presence

Bo: Constant coefficient

Bi,...Bn: Regression coefficients of independent
variables

Xi, .....Xq: Independent variables

e: Natural logarithm base

The accuracy of the model's predictions was
evaluated using ROC curve analysis, following the
methodology of Hanley and McNeil (1982).
Descriptive statistics were computed using SPSS
22 and R software. Several statistical analyses
were conducted to determine which environmental

variables were influencing the presence of black
seaweed. Initially, Pearson correlation coefficients
were calculated to assess the relationships among
independent variables. A logistic regression
analysis was performed to examine the relationship
between the dependent variable (presence or
absence of moss) and various environmental
factors to identify those most significantly
associated with moss presence. The significance of
these factors was assessed using p-values, and the
explained variability was evaluated using
Nagelkerke R2 The detection performance was
also analyzed through ROC curve analysis and
calculation of the Area Under the Curve (AUC).

3. Results and Discussion

Upon analysis of the data, it was noted that the
coefficient of variation for the slope and aspect
variables was 49.26% and 71.33%, respectively,
signifying a high degree of variability in these
variables. The reduced coefficients of variation in
altitude and precipitation variables (12.26% and
2.31%) suggest that these variables exhibit a more
stable structure. The mean temperature varied by
18.14%, the maximum temperature by 7.36%, and
the minimum temperature by 43.52%. A
significant variation of 65.99% was noted in the
presence of moss (Table 1). The findings indicate
that the distribution is broad for certain variables
and more constrained for others.

Table 1. Descriptive statistics of the variables

Slope Aspect  Elevation Mean Total Mean Max Min Moss
Prec. Prec. Temp. Temp. Temp. Presence

Count 455 455 455 455 455 455 455 455 455
Mean 30.04 167 1319.84 37.76 453.1 8.33 19.63 -3.96 0.69
Std 14.8 119 161.84 0.87 10.49 151 1.44 1.72 0.46
Min 0.0 -1.0 1000.0 36.03 432.38 4.27 15.74 -8.59 0.0
0,25 18.14 60 1194.5 37.08 444.98 7.18 18.53 -5.27 0.0
0,50 28.92 137 1318.0 37.75 452.98 8.35 19.64 -3.94 1.0
0,75 39.01 295 1443.0 38.42 461.08 9.5 20.75 -2.62 1.0
Max 88.06 358 1755.0 40.11 481.3 11.32 22.48 -0.55 1.0
Skewness | 0.62 0.28 0.15 0.15 0.15 -0.15 -0.15 -0.15 -0.85
Kurtosis 0.41 -1.38 -0.69 -0.69 -0.69 -0.69 -0.69 -0.69 -1.27
CV (%) 49.26 71 12.26 2.31 2.31 18.13 7.36 43.52 66

CV: Coefficient of variations (%).

The logistic regression analysis results from the
study indicated the relative impact of
environmental variables on moss presence. The
analyses indicated that elevation, mean
temperature, and slope were the most significant
variables affecting moss distribution. These
findings offer significant insights into moss's
ecological niche and its susceptibility to
environmental conditions.

3.1. Variables with the most significant influence
The presence of moss was most significantly
influenced by elevation (p < 0.001). The likelihood
of moss occurrence increases with increasing
elevation. This outcome aligns with existing
literature indicating that humid microclimatic
conditions at elevated altitudes are more conducive
to moss growth (Bates, 2000). The humid
conditions, resulting from reduced temperatures
and diminished evaporation, enhance the water
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retention capacity of mosses and facilitate their
survival.

The mean temperature was a significant factor that
negatively affecting moss presence (p < 0.01). It
was noted that low temperatures enhance the
metabolic activities of mosses, resulting in a
diminished likelihood of moss presence as
temperatures rise. This aligns with prior research
indicating that elevated temperatures enhance
water loss, constraining moss growth (Rydin,
2009).

The slope was another critical factor (p < 0.05)
influencing water retention, soil stability, and the
moss presence. Mosses were more prevalent in
regions with moderate slopes (10% - 30%). These
regions have established conditions for moss
habitats by facilitating water accumulation and
moisture retention.

3.2. Impact scores of variables

The graph illustrates the impact of elevation,
temperature, and slope variable on moss presence
(Figure 2). Elevation and temperature were the
primary determinants of moss distribution. Low p-
values (p < 0.05) indicate that the effects of these
variables are statistically significant. The influence
of the aspect was minimal, indicating that it is a
less significant factor than the other variables. The
coefficients demonstrate the varying impacts of
environmental variables on moss prevalence.

Elevation (B = 0.85) exhibited the most significant
positive effect, indicating that higher elevations
considerably augment moss presence. The average
temperature (B = -0.78) demonstrates a negative
correlation, suggesting that increasing
temperatures reduce the likelihood of moss
occurrence. The slope (B = 0.65) had a significant
positive effect, indicating that steeper terrains
promote increased moss growth. Aspect (f =0.15)
exhibits a positive but relatively weak effect,
whereas Total Precipitation (B = 0.45) has a
moderately positive impact, suggesting that higher
precipitation levels moderately enhance moss
presence. These findings highlight the unique
contributions of these wvariables to moss
distribution.

3.3. Statistical dependability

The Nagelkerke (R? = 0.72) value for the model's
overall fit signifies that the logistic regression
model can elucidate the impact of the variables on
the occurrence of black moss with considerable
precision. The AUC value of 0.89 derived from the
ROC curve analysis indicates that the model
possesses robust predictive capability. The
significance level (p < 0.05) for all the variables
indicated that the analysis results are statistically
valid. The proximity of the curve to the optimal
ROC curve indicated that the environmental
variables effectively modelled the distribution of
black moss (Figure 3).
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Figure 2. The influence of topographical and ecological factors on the occurrence of moss



Ursavas S. Edis S. 2024. Anatolian Bryol..............

1.0

0.8

o
o

True Positive Rate
o
N

0.2

0.0

ROC Curve (AUC=0.89)
Random Classifier

0.0 0.2 0.4

False Positive Rate

0.6 0.8 1.0

Figure 3. ROC Curve of the model performance

3.4. Topographic and environmental variables
affecting the presence of mosses

The findings indicate that the environmental
factors influencing moss distribution are directly
associated with microclimatic and topographic
conditions. Literature studies (e.g., Bates, 2000;
Rydin, 2009) have indicated that elevation and
temperature are critical factors influencing the
sensitivity of mosses to moisture and temperature
conditions. This study reiterates the ecological
tolerance of mosses and their reliance on
environmental factors.

3.4.1. Elevation

This histogram (Figure 4) illustrates the
distribution of elevation in the presence (Present)
and absence (Absent) of moss. Moss is typically
prevalent at higher elevations (1200-1500 m),
whereas its absence is predominant at lower
elevations (<1200 m). As altitude increases, moss
encounters more favorable conditions, with high
humidity and low temperatures facilitating this
growth. This confirms the reliance of moss on cool
and humid microclimatic conditions.
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Figure 4. Distribution of mosses according to elevation
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The finding that elevation is a crucial determinant
of moss presence is consistent with existing
literature. Bates (2000) posited that mosses prefer
humid and cool microclimatic conditions,
commonly found at higher altitudes. Lower
temperatures and increased moisture retention at
elevated altitudes facilitate moss growth and
spread. Similarly, Gignac's research (2001)
demonstrated that mosses are more abundant at
higher altitudes. The notable positive impact of
elevation on moss presence in this study (p <
0.001) aligns with previous research findings.
Elevation had the most significant impact on the
occurrence of mosses (p < 0.001). This
phenomenon can be attributed to alterations in
microclimatic conditions (reduced temperatures
and elevated humidity) with altitude. Higher
altitudes enhance moisture accumulation and
reduce evaporation, thereby facilitating moss
survival. This finding aligns with the results of
researchers Bates (2000) and Gignac (2001), who
discovered where elevation promoted humid
habitats.

3.4.2. Mean temperature

This histogram (Figure 5) illustrates the
distribution of the mean temperature based on the
presence (Present) and absence (Absent) of moss.
Moss is typically prevalent at low temperatures
(<7°C), whereas its absence predominates at
elevated temperatures (>9°C). This indicates that
mosses thrive in cooler climates and that rising
temperatures adversely affect their growth. These

findings highlight the susceptibility of mosses to
humid and cool microclimatic conditions.

This study found that the mean temperature
negatively impacted moss presence (p = 0.01).
This outcome aligns with the research conducted
by Rydin et al. (2013). Interactions between
mosses and other plant species are influenced by
temperature.  High temperatures in  polar
ecosystems can modify ecosystem dynamics by
enhancing nutrient transfer between mosses and
invasive grass species (Bokhorst et al., 2021). The
mean temperature was a significant negative factor
influencing moss presence (p = 0.01). Mosses are
susceptible to desiccation due to elevated
temperatures. This aligns with the ecological
strategy of mosses, which favor cool and humid
environments. Literature indicates that low
temperatures enhance the photosynthetic capacity
of mosses and improve their water retention ability
(Rydin et al., 2013).

3.4.3. Slope

The slope variable (Figure 6) significantly
influenced the presence of moss. Moderate slopes
(20%-40%) offer ideal habitats for mosses,
whereas low slopes (<20%) restrict moss presence
because of inadequate water retention capacity. At
steep inclines (>40%), the presence of moss
diminishes but is not eliminated, which is
attributable to the microclimatic conditions. These
findings offer significant direction for the
management and preservation of moss habitats.
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The slope variable positively influenced moss
presence (p = 0.05), aligning with existing
literature that indicates slope can foster a
conducive environment for moss growth by
facilitating surface water accumulation and
ensuring soil stability (Heegaard, 2002; Yildirimer
and Ozalp, 2024). Extreme slopes may inhibit
moss growth owing to adverse effects such as soil
erosion. The findings of this study indicated that
specific ~ slope  ranges  provide  optimal
microhabitats for mosses. Slope was recognized as
another significant variable that positively affected
moss presence (p = 0.05). Water retention and soil
stability create optimal microhabitat for mosses in
regions with moderate inclines. Nevertheless, on
steep inclines, the occurrence of mosses is
anticipated to diminish because of swift water
runoff and soil erosion. Heegaard (2002) ascribed
this to the reliance of mosses on soil moisture.

3.4.4. Aspect

The aspect variable had a negligible effect on the
occurrence of mosses (p > 0.05). Nevertheless,
surfaces oriented towards the east and north were
determined to be more beneficial for mosses.
These orientations mitigate the direct impact of
sunlight, thereby conserving the moisture. The
influence of the aspect diminished relative to the
other variables. This histogram (Figure 7)
illustrates the distribution aspects (surface
orientation) concerning the presence (Present) and
absence (Absent) of moss. Moss is typically more

prevalent on surfaces-oriented northeast and east
(0°-90°) and southwest (270°-360°). The lack of
moss characterizes other orientations. This
outcome indicates that northern and eastern
orientations more effectively preserve moisture
and create advantageous microclimatic conditions
for moss. Nevertheless, the aspect variable is not
as significant a determinant as the other factors.

This study revealed that the aspect variable had a
negligible impact on moss presence (p > 0.05),
although surfaces-oriented north and east were
more favorable. This discovery parallels the study
performed by Baker (2005). North-facing surfaces,
which receive less direct sunlight, create more
conducive microclimatic conditions for moss
growth by retaining greater moisture levels.
Nonetheless, this effect is less pronounced than
other variables (e.g., elevation or temperature).

The variable aspect was determined to have a
negligible impact on the occurrence of moss (p >
0.05). According to the literature, surfaces oriented
towards the north and east are more conducive to
the growth of mosses (Baker, 2005). The minimal
impact of aspects in this study may be attributed to
the uniformity of the study area's topographical
characteristics and microclimatic conditions. The
region's typically humid climate may obscure
variations in aspect.
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Figure 7. Distribution of mosses according to aspect

3.4.5. Total precipitation

Figure 8 illustrates the distribution of total rainfall
in moss's presence (Present) and absence (Absent).
Moss is typically found in regions with elevated
total rainfall exceeding 450 mm. Moss is
predominantly absent in regions with reduced
precipitation (<450 mm). This outcome indicates
that the moisture necessity of moss is sustained by
precipitation, which is a pivotal element in the
development of moss habitats. Total precipitation
positively influences moss presence.

Total precipitation exhibited a positive correlation
with moss presence; however, its influence was
more constrained than dominant variables like
elevation and temperature. Whereas precipitation
fosters an environment conducive to moss growth
by enhancing moisture retention, microclimatic
factors, such as elevation, are believed to eclipse
this influence. Total precipitation positively
influenced moss presence (p = 0.03), corroborating
the moisture needs of mosses (Tuba et al., 2011).
Increased precipitation directly influences the
photosynthetic activity and moisture retention of
mosses, establishing conducive conditions for
growth. Precipitation is a significant factor that
fulfils the moisture needs of mosses (p = 0.03).

Regions with elevated precipitation increase the
water holding capacity of mosses and facilitate
optimal growth conditions. In this study, the
impact of total precipitation was less significant
than that of variables such as elevation and
temperature.  The  findings indicate  that
environmental factors influencing moss
distribution are directly associated  with
microclimatic and  topographic  conditions.
Literature studies (e.g., Bates, 2000; Rydin, 2009)
indicate  that elevation and temperature
significantly influence the sensitivity of mosses to
moisture and temperature conditions. This study
reiterates the ecological tolerance of mosses and
their dependence on environmental factors. The
results can improve understanding of the
ecological resilience of mosses and guide habitat

conservation efforts, as Edis et al. (2023)
emphasized in their study on watershed
management and soil erosion. Consequently,

comprehending the factors influencing moss
presence yields essential insights for natural
resource management and biodiversity
conservation strategies. These findings could
provide a basis for future research, particularly
investigations into the potential effects of dynamic
stressors such as climate change on mosses.
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4. Conclusion and Recommendations

In conclusion, comprehending the determinants
influencing moss presence is essential for natural
resource management and biodiversity
conservation strategies. These findings may serve
as a foundation for future research, particularly
investigations into the potential effects of dynamic
stressors like climate change on mosses.

This study analysed the environmental and
topographic factors influencing the presence of
moss using data from 455 sampling locations in
the Cankiri-Eldivan Mountain region. The findings
indicated that the primary factors influencing the
presence of mosses were elevation, average
temperature, and slope. Elevation was determined
to create moist and cool microclimatic conditions
conducive to moss distribution. The mean
temperature had a negative effect on the presence
of moss, as lower temperatures were more
conducive to moss growth. The slope facilitated
the development of moss habitats by promoting
water retention and soil stability. Despite the
limited impact of the aspect variable, surfaces
oriented towards the north and east proved to be
more advantageous. Total precipitation positively
influenced the presence of mosses, albeit to a
lesser extent than other factors such as elevation.
These findings substantially aided in identifying
the primary environmental and topographic
variables influencing moss distribution and were
generally consistent with the existing literature.
The results of this study provide pragmatic
recommendations for natural resource management
and biodiversity conservation strategies. Given the

water retention abilities of mosses and their
contribution to ecosystem services, it is imperative
to establish microclimatic protection zones
informed by topographic variables such as
elevation and slope.

Furthermore, actions must be implemented to
safeguard moss habitats in regions that promote
humid and temperate conditions, and adaptation
strategies should be formulated for these
ecosystems endangered by climate change. Land
use planning must prioritize the preservation of
moss ecosystems, particularly in sloped and
elevated regions. Regulatory measures for forest
and agricultural lands must incorporate sustainable
practices to prevent the degradation of moss
habitats.

Future research should utilize larger data sets to
enhance the understanding of moss ecology across
various geographical and climatic regions. The
impact of anthropogenic factors, such as pollution
and land use, on moss distribution warrants further
investigation. Longitudinal monitoring studies
would inform the understanding of the temporal
dynamics of moss distribution and the influence of
climate change and environmental stressors on
these ecosystems. Molecular ecology and genetic
approaches are essential tools to investigate how
mosses respond adaptively to ecological change
over spatial and temporal chronologies. The
present research will improve understanding of the
role of mosses in ecosystem processes and inform
conservation efforts.
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