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The dispersal ecology of tropical non-vascular epiphytes has rarely been experimen-
tally investigated. We studied epiphyte colonisation on 1 × 1 m polyethene nets placed 
for four years at seven sites at different elevations in montane forests in the Taita Hills, 
Kenya. During the first year the nets were also used to measure fog deposition. We 
predicted that differences in growth conditions would affect colonisation and sub-
sequent growth of non-vascular epiphytes and result in clear differences in epiphyte 
cover and biomass, and community composition among sites. After four years the 
nets were taken down for determination of epiphyte cover and biomass. The diversity 
of established liverworts and macrolichens was also examined. Many liverwort and 
macrolichen species established diverse communities on the nets placed in the moist 
upper-montane zone. This was in contrast with the situation in the drier lower-montane 
zone where only green algae and crustose lichens were able to colonise most nets. 
Light intensity was an important determinant of epiphyte community composition, 
with liverworts dominating on nets under closed forest canopies and lichens dominat-
ing at more open sites. Atmospheric moisture was also important, with lichens benefit-
ing from abundant fog deposition at open and windy sites. The dry weight of epiphytes 
(per unit area) on lichen-dominated nets was greater than on liverwort-dominated 
nets, while the highest cover was generally observed on liverwort-dominated nets. 
Our results demonstrate that polyethylene nets can be effectively used to study colo-
nisation of non-vascular epiphytes as well as the abiotic and biotic factors controlling 
epiphyte colonisation and community composition in tropical forests. The liverworts 
Acanthocoleus chrysophyllus and Diplasiolejeunea kraussiana were new additions to 
the Kenyan bryophyte flora.
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Introduction

Non-vascular epiphytes (bryophytes, lichens) 
gain most of their water and nutrients directly 
from the atmosphere and are known to be sen-
sitive to environmental change (Jácome et al. 
2011, Stam et al. 2017, 2019). Especially in 
tropical montane forests they play an important 
role in intercepting and storing of water (Venek-
laas et al. 1990, Ah-Peng et al. 2017, Porada et 
al. 2018), in nutrient cycling, and in providing 
diverse habitats and serving as food for animals, 
especially invertebrates (Gradstein 1992, Bader 
2013).

Tropical mountain cloud forests (TMCFs) 
are often very rich in both non-vascular and vas-
cular epiphytes (Bruijnzeel et al. 2010, Jácome 
et al. 2011). Non-vascular epiphytes can grow 
as thick mats on tree trunks, as smaller patches 
on branches and twigs, and even on the leaf 
surfaces of vascular plants as epiphylls. Because 
of their unique climatic characteristics, i.e., high 
relative humidity and low irradiance due to high 
cloud cover and frequent mist (Foster 2001, 
Bruijnzeel et al. 2010), TMCFs are predicted 
to suffer from effects of global climatic change, 
especially from warming and drying (Sala et 
al. 2000, Foster 2001, Malcolm et al. 2006). 
Despite the obvious importance of non-vascular 
epiphytes for water conditions in TMCFs, many 
basic aspects in epiphyte ecology remain poorly 
known (Chen et al. 2010, Slack 2011, Gómez 
González et al. 2017). Environmental changes 
can be assessed by mapping and monitoring the 
distribution and abundance of non-vascular epi-
phytes (Szczepaniak & Biziuk 2003, Jácome et 
al. 2011). Transplant experiments have also been 
used in studying basic ecology of non-vascular 
epiphytes (e.g. McCune et al. 1996, Stam et al. 
2017, 2019), but long-term monitoring studies 
have rarely been carried out, especially in the 
tropics (Gignac 2001, Jácome et al. 2011). Very 
few experimental studies addressed the dispersal 
ecology of tropical non-vascular epiphytes or 
compared the colonisation ability of different 
groups of epiphytes within the same forest envi-
ronment (Sanders & Lücking 2002, Hutsemeker 
et al. 2008, Acuña-Tarazona et al. 2015). There-
fore, our goal was to collect experimental data 
on factors that affect the colonisation ability and 

hence also the distribution of non-vascular epi-
phytes in tropical forests.

We studied epiphyte colonisation on 1 × 1 m 
polyethene nets placed for four years in montane 
forests in the Taita Hills, Kenya. The nets were 
set at seven study sites along an elevational 
gradient. During the first year the nets were also 
used for measuring fog deposition (Räsänen et 
al. 2018). We expected that contrasting growth 
conditions would affect colonisation and sub-
sequent growth of non-vascular epiphytes and 
lead to clear differences in epiphyte cover and 
biomass, and in community composition among 
sites. Our hypotheses were as follows: (1) There 
would be clear differences in the cover, biomass, 
and community composition of non-vascular 
epiphytes on nets placed in moist upper montane 
forests and drier lower montane forests, with the 
former supporting both higher epiphyte diversity 
and biomass. The observed differences would 
be expected to also reflect contrasting habitat 
requirements of different groups of epiphytes, 
with epiphytic liverworts markedly benefiting 
from the cool and humid conditions in the for-
ests at higher elevations. (2) There would also 
be marked differences between the nets placed 
under dense forest canopies and at more open 
sites within the different habitat types. Again, 
the predicted differences would also reflect the 
contrasting habitat requirements of different 
groups of epiphytes, with bryophytes showing 
high diversity and abundance on shaded nets and 
lichens on nets at more open sites.

Methods

The study was conducted in the Taita Hills 
(3°25´S, 38°20´E), which represent the northern-
most extension of the Eastern Arc Mountains in 
SE Kenya. The Taita Hills rise abruptly from the 
surrounding dry plains at ca. 600–1000 m a.s.l. 
to a series of mountain ridges, reaching 2208 m 
a.s.l. at the highest peak, Mt. Vuria. The upper 
slopes of the mountains benefit from moisture 
brought by the trade winds and capture enough 
of it to sustain moist evergreen montane forests. 
The moist and relatively cool climate provides 
favourable conditions for the development of 
species-rich bryophyte and lichen communities 
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and considerable epiphyte biomass (Enroth et al. 
2013, 2019, Stam et al. 2017, 2019).

The Taita Hills experience long rains between 
March and May, and a shorter rainy season 
between November and December. The average 
annual rainfall on the plains is about 500 mm, 
while the mountains receive over 1000 mm of 
rain annually (Pellikka et al. 2009, Räsänen et 
al. 2018). Three of our study sites were in the 
northern part of Ngangao Forest, a relatively dry 
lower montane cloud forest covering the slopes 
of a N–S-oriented mountain ridge (Table 1). The 
remaining four sites were on the upper slopes 
of Mt. Vuria (Table 1). The forests at this site 
represent badly degraded upper montane cloud 
forest (Aerts et al. 2011, Thijs 2015). They have 
been under strong human influence (incl. fell-
ing and grazing), but receive relatively abundant 
moisture from low-lying clouds and fog, and are 
hence much wetter than the forests in Ngangao 
or other sites in the Taita Hills. To study the effect 
of light, wind, fog and humidity on the cover and 
biomass of the epiphytes on the nets, study sites in 
each forest type were roughly divided into ‘shady’ 
and ‘open’ habitats, depending on overall canopy 
shading at each site. More information on the 
forest structure and environmental conditions on 
Mt. Vuria and Ngangao, is given in Thijs (2015), 
Stam et al. (2017), and Räsänen et al. (2018).

To collect data on epiphyte colonisation and 
growth, as well as on the quantity and temporal 
patterns of fog deposition in the Taita Hills, 

a total of 20 green 1 × 1 m polyethene nets 
(mesh size about 1 cm; Fig. 1) were installed 
at 10 study sites in early October 2013 and left 
there for four years. An identical 1 m2 net was 
attached to each side of a metal frame (1.5 cm 
thickness), and each frame was positioned at 1 m 
height aboveground so that one side was facing 
prevailing winds at the location. In Ngangao, 
the study sites formed a linear gradient over 
the mountain ridge. Originally, there had been 
six study sites at that location, but half of them 
were destroyed during the study. Two study sites 
on Mt. Vuria were under a closed forest canopy 
and two were in small forest clearings. Between 
October 2013 and September 2014, the annual 
rainfall on Mt. Vuria was 1257 mm and in Ngan-
gao 841 mm. The fog deposition (water equiva-
lent) during a 6-month period in 2013 on Mt. 
Vuria was 1078 mm and in Ngangao 338 mm. 
The mean annual temperatures were 13.9 °C and 
17.0 °C on Mt. Vuria and Ngangao, respectively 
[for more climatic variables, see table 1 in Stam 
et al. (2019)]. Fog deposition under the forest 
canopy was 60% smaller than at more open sites 
(Table 1).

In January 2018, after four years in the field, 
the nets (henceforth called plots where appro-
priate) were taken down and air dried. In the 
laboratory the central section of each net was cut 
into 16, 20 × 20 cm subplots (n = 224) for deter-
mination of epiphyte cover and biomass. The 
outer surface of each subplot was photographed 

Table 1. Site elevations, mean monthly fog amounts (water equivalents; mm per month), and the total amounts of 
fog collected from the seven study sites between 1 October 2013 and 30 April 2014 (water equivalent; mm per 6 
months).

Site Elevation (m a.s.l.) Fog (mm, water equivalent) Coordinates (DMS)
   
  monthly mean six-month total

Ngangao
 N2F* 1864 10 71 3°21´28.638´´S, 38°20´20.677´´E
 N4O 1874 50 350 3°21´32.331´´S, 38°20´28.215´´E
 N6O 1776 85 592 3°21´35.694´´S, 38°20´39.951´´E
Mt. Vuria
 V1O 2176 50 352 3°24´50.580´´S, 38°17´29.400´´E
 V2F 2180 17 120 3°24´50.472´´S, 38°17´31.200´´E
 V3F 2074 19 130 3°24´44.244´´S, 38°17´31.160´´E
 V4O 2066 68 476 3°24´44.964´´S, 38°17´39.840´´E

* Because the fog collector stopped working at N2F at an early stage, the amount of fog for that site was estimated 
using amounts collected at other sites as follows: N2F = N3F/N4O × N1O.
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with a hyperspectral and RGB cameras, and each 
subplot was weighed on an analytical scale to 
the nearest 0.001 g. Finally, mosses, liverworts 
and macrolichens growing on three randomly 
selected subplots from each net were identified 
under dissecting and compound microscopes.

To determine epiphyte biomass, the weight 
on a 20 × 20 cm clean net was subtracted from 
the weight of the epiphyte-covered subplot.

To determine epiphyte cover, the subplot 
images were analysed assuming that everything 
else in the image except the empty background 
and the clean plastic net (value 0) represented 
epiphyte cover. Segmentation of the cover was 
done using two k-nearest neighbor (k-NN) clas-
sifiers, one using the Euclidean distance and 
the second using the correlation coefficient as 
the distance function. A third number was the 

intersection of the segmented results of the k-NN 
classifiers, which was then used for determin-
ing cover values. Both k-NN classifiers were 
trained with the same training set of 2313 refer-
ence spectrum samples picked from the data set. 
Each reference spectrum sample was assigned 
either into a negative class, which included the 
background and the bare net, or a positive class, 
which included everything else.

Non-metric multidimensional scaling (NMS) 
was used to visualize relationships between epi-
phyte community composition and the explan-
atory variables (study sites in species space). 
Abundance of each species was determined as 
its frequency on the six subplots analysed from 
each site. Before the analysis all epiphytes that 
occurred on fewer than two sites were removed 
resulting in a data matrix of 25 epiphyte taxa × 

Fig. 1. Images of nets after four years photographed in situ from the upwind side. — A: Lower montane forest, 
dense canopy (N2F). — B: Lower montane forest, open site (N6O). — C: Upper montane forest, dense canopy 
(V2F). — D: Upper montane forest, open site (V1O).

 A B

 C D
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14 fog nets. The matrix was relativized by species 
sums of squares to de-emphasize clustering based 
on total abundance alone. The ordination was 
performed using PC-ORD ver. 6.15 (McCune & 
Mefford 2011), the quantitative version of Sørens-
en’s distance measure, 500 iterations, and random 
starting coordinates. The program was run in 
the autopilot mode (thorough) to ensure that the 
obtained minimum stress was not a local mini-
mum. A two-dimensional ordination of the data 
matrix was produced after determining that higher 
dimensional solutions did not substantially reduce 
stress. The stability of the solution was examined 
by plotting stress vs. iteration number, and the 
probability that a similar final stress could have 
been obtained by chance was determined using 
a Monte Carlo test. Explanatory variables were 
superimposed on the resulting ordination using a 
joint plot, based on correlations of variables with 
the axes of the community ordination. For visual 
clarity, the ordination was rigidly rotated to load 
liverwort diversity on the vertical axis. Variance 
explained was expressed by the coefficient of 
determination between the Euclidean distances in 
the ordination space and the Sørensen’s distances 
in the original species space.

Results

We found clear differences in epiphyte cover and 
biomass between the nets placed in the lower 
and upper montane forests (Figs. 1 and 2). The 
mean epiphyte cover of the subplots in the lower 
montane forest was 16%, while the correspond-
ing value for the subplots in the upper montane 
forest was 26%. The average dry weight of 
epiphytes on subplots from the lower montane 
forest was about half of that in the upper mon-
tane forest (0.99 g vs. 1.86 g).

There were clear differences in epiphyte 
species richness between the two forest types 
(Table 2). The total number of epiphytic liver-
wort species found on nets in the lower montane 
forest was about half of that recorded from the 
upper montane forest (20 vs. 39). The liverwort 
species in the two forest types belong mostly to 
Lejeuneaceae, the most dominant family of leafy 
liverworts throughout the humid tropics (Grad-
stein 1995). Four of them represented floristic 
novelties for the region: Acanthocoleus chryso-
phyllus (upper montane forest) and Diplasiole-
jeunea kraussiana (lower montane forest) were 
new to Kenya, while Acrolejeunea emergens and 
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Fig. 2. Effect of wind 
direction of epiphyte cover 
(bars) and biomass (see 
legend) on subplots, and 
total numbers of liverwort 
and macrolichen species 
on plots (nets) after four 
years in Ngangao (lower 
montane forest) and on 
Mt. Vuria (upper montane 
forest). Each site had two 
nets on the same rack, 
one facing upwind and the 
second facing downwind.
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Diplasiolejeunea cavifolia (both in lower mon-
tane forest) were new to the Taita Hills (Enroth 
et al. 2019). The difference in the epiphytic 
lichen species diversity between lower and upper 
montane forests was less pronounced, with a 
total of 18 and 21 macrolichen taxa recorded 
from the nets in the former and latter loca-
tions, respectively. Epiphytic crustose lichens 
and algae were abundant and their highest cover 
was on the nets in the lower montane forest, with 
only few other epiphytes present. Interestingly, 
not a single epiphytic moss species was able to 
colonise the plastic nets in four years, despite the 
fact that epiphytic mosses are abundant particu-
larly in the upper montane forest.

When comparing plots within each forest 
type, we found clear differences between the 
plots under dense forest canopy and in more open 
locations (Figs. 1 and 2) with epiphyte cover 
being greater on subplots under the canopy than 

the ones at more open sites (Fig. 2). However, 
epiphyte biomass showed an opposite pattern: 
the mean dry weight of epiphytes on subplots 
at open sites was clearly greater than that under 
dense canopy (Fig. 2). This reflected a major dif-
ference in epiphyte community composition: the 
epiphyte cover at shady sites was dominated by 
the relatively light liverworts, while open sites 
were dominated by the heavier lichens. Simi-
lar was found regarding species diversity: there 
were more liverwort species and fewer macroli-
chen species on plots under canopy than on plots 
at open sites.

We also compared epiphyte cover and bio-
mass between the nets facing the wind and 
thus more exposed to rain and fog, and the nets 
facing downwind and thus likely to receive less 
moisture. The epiphyte cover and biomass were 
usually greater on the wind-facing that on the 
downwind nets (Fig. 2), although this difference 

Table 2. Dominant non-vascular epiphytes that colonised plastic nets (plots) placed for four years in Ngangao 
(lower montane forest) and Mt. Vuria (upper montane forest) in the Taita Hills. Frequencies (Freq) are based on 
species occurrence on all subplots (n = 42)/all plots (Ngangao n = 6, Mt. Vuria n = 8) at each site. Correlations of 
epiphyte taxa with the ordination axes are shown in columns 4 and 5 (see also Fig. 3).

Epiphyte taxon Frequency Axis
  
 Ngangao Mt. Vuria vertical horizontal

Heterodermia sp. A** 33/100 45/88 –0.371 0.297
Heterodermia leucomelos (s. lato)** 26/83 43/88 –0.486 0.404
Lejeunea flava* 14/50 48/100 0.885 0.010
Metzgeria furcata* 17/50 40/88 0.703 –0.226
Normandina pulchella** 12/50 40/88 0.536 0.548
Cololejeunea minutissima* 19/83 31/100 0.254 –0.371
Colura tenuicornis* 07/33 42/100 0.441 0.376
Microlejeunea africana* 14/50 33/75 0.796 –0.122
Heterodermia comosa** 31/100 14/50 –0.766 –0.174
Teloschistes sp.** 12/33 29/63 –0.247 0.640

Phaeophyscia cf.** 24/83 not found – –
Candelaria concolor/fibrosa** 17/50 not found – –
Cololejeuna occidentalis* 12/33 not found – –
Cheilolejeunea rotundistipula* 07/33 not found – –
Frullania ericoides* 05/33 not found – –

Metzgeria consanguinea* not found 48/100 – –
Drepanolejeunea physaefolia* not found 40/75 – –
Lejeunea tabularis* not found 36/75 – –
Usnea sp.** not found 26/50 – –
Leptogium cf. “cyanescens”** not found 19/50 – –

* = liverwort, ** = macrolichen.
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was not statistically significant (t-test: cover p = 
0.355 and biomass p = 0.386).

Previously described differences in epi-
phyte community composition between forest 
types were visualised using the NMS ordina-
tion (Fig. 3). The two axes explained 91% of 
the community variation. After rotation, 79% of 
this was explained by the vertical axis, aligned 
with liverwort diversity (r = 0.907). The hori-
zontal axis correlated positively with elevation 
(r = 0.596) and epiphyte cover (r = 0.690), and 
negatively with fog deposition (6-month total) 
(r = –0.836) and lichen diversity (r = –0.402). 
The vertical axis, representing 12% of com-
munity variation, was positively correlated with 
epiphyte biomass (r = 0.439) and lichen diver-
sity (r = 0.375). Of the dominant epiphyte spe-
cies, Metzgeria furcata and two Lejeunea species 
were strongly associated with shady sites, while 
Heterodermia comosa and several other lichens 
clearly preferred open sites (Table 2).

Discussion

Using polyethene nets, we were able to study 
the establishment and subsequent growth of epi-
phytic lichens and liverworts during four years. 
The period is long compared with periods used 
in previous comparable studies (Coley et al. 
1993, Sanders & Lücking 2002). Rich epiphyl-
lous bryophyte communities of humid and shady 
tropical forests can develop during the typical 
lifespan of an evergreen leaf, which is 2–4 years 
(Gradstein & Pócs 1989). Therefore, we are con-
fident that the period we used was sufficiently 
long to capture the dynamics of diversity and 
biomass of epiphyllous taxa colonizing the nets.

The results provided new insights into epi-
phyte colonisation and revealed habitat specific 
differences in the colonisation success of dif-
ferent groups of epiphytes. After four years, 
there was already much variation in epiphyte 
community composition, partly driven by clear 
differences in abiotic conditions between forest 
types, but presumably also by biotic factors, 

Fig. 3. NMS-ordination of 
14 plots (large symbols, 
Up = upwind, Down = 
downwind) at seven study 
sites (large black circles = 
shady sites, large grey cir-
cles = open sites) and epi-
phyte species (small black 
circles = liverworts, small 
grey circles = lichens) in 
epiphyte species space. 
Correlations of dominant 
epiphyte taxa with the two 
ordination axes are given 
in Table 2.
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such as spatial and temporal differences in prop-
agule rain.

In tropical montane forests, the abundance 
of epiphytic bryophytes and lichens tends to 
increase with increasing elevation and also major 
changes in epiphyte community composition 
are observed along elevation gradients (Enroth 
1990, Frahm & Gradstein 1991, Wolf 1993a, 
Kürschner et al. 1999, Nadkarni & Solano 2002, 
Hietz 2010, Santos & Costa 2010, Ah-Peng et al. 
2017). Our results are in line with these findings. 
Upper montane forests tend to receive ample 
precipitation in form of rain and frequently also 
fog, which is benefitial to many nonvascular 
epiphytes. High cover of epiphytic bryophytes 
is consequently a useful physiognomic feature 
for identifying upper montane ‘mist forests’ or 
‘mossy forests’ (e.g. Frahm & Gradstein 1991, 
Freiberg & Freiberg 2000, Bruijnzeel et al. 2010, 
Slack 2011).

In overall species composition, the epiphyte 
communities of our nets bear conspicuous resem-
blance to Diplasiolejeunea pauckertii–Brachiole-
jeunea laxifolia epiphyte community previously 
described from Colombian montane forests (Wolf 
1993b). This Andean community type is a spe-
cies-rich outer canopy community dominated by 
liverworts and foliose lichens, typically found 
between 1980 and 3190 m a.s.l., and best devel-
oped around 2500 m a.s.l. Common lichen and 
liverwort species shared with Taita include Nor-
mandina pulchella, Heterodermia leucomelos, H. 
comosa, Lejeunea flava and Colura tenuicornis. 
Interestingly, mosses are relatively rare also in the 
Andean community (Wolf 1993b).

In the Taita Hills, the epiphyte diversity, 
particularly of the liverworts, was consistently 
higher in the upper montane forest. High humid-
ity has been shown to be one of the most 
important factors for the successful colonisation 
and subsequent development of epiphytic bryo-
phytes (Pócs 1977). The abundance of nonvas-
cular epiphytes in tropical upper montane forests 
is generally explained by the combination of 
favourable moisture conditions, ample light and 
a relatively cool thermal conditions (Pócs 1982, 
Zotz 1999, Zotz et al. 2003, León-Vargas et al. 
2006, Malombe et al. 2016). Most epiphytic 
lichens and bryophytes photosynthesize only 
when hydrated, and in lowland forests favour-

able periods of hydration do not necessarily last 
long. In the deep shade of tropical lowland rain-
forests, the detrimental combination of excessive 
moisture and heat coupled with insufficient light 
for photosynthesis prevents the establishment of 
many epiphytic bryophytes and lichens (Zotz & 
Schleicher 2003, Lakatos et al. 2006, Bader et 
al. 2013, Wagner et al. 2013).

Most of the liverwort species found in both 
forest types are facultative epiphytes, such as 
Colura tenuicornis, Lejeunea flava and Metz-
geria furcata. Obligatory epiphyllous species are 
fewer, for example, Cololejeuna occidentalis. 
This indicates that the nets, as a substrate for 
epiphyllous species, are not directly comparable 
with living leaves.

High reproductive output, as indicated by the 
frequent presence of sporophytes in the monoe-
cious liverworts Lejeunea flava and L. tabularis, 
or by the common and often abundant produc-
tion of asexual propagules such as gemmae in the 
dioecious liverwort Metzgeria furcata or soredia 
in the lichens Heterodermia comosa and Nor-
mandina pulchella, most likely are an important 
determining factor for the successful dispersal 
and establishment of these epiphytes. It may also 
be an important element in explaining chronse-
quence patterns of the epiphyte communities, 
as predicted by Sierra et al. (2019) for epiphyl-
lous bryophytes. In our data set, the frequency 
of common, effectively dispersing species was 
usually rather equal on up- and downwind nets at 
each site, largely explaining the often conspicu-
ous pairing of the nets in the ordination (Fig. 3 
and Table 2).

Confirming the results of many previous stud-
ies (e.g. Sporn et al. 2010, Benítez et al. 2015), we 
demonstrated that in both forest types differing in 
elevation, epiphytic liverworts were clearly more 
abundant on the nets at the shady sites, while epi-
phytic lichens and algae preferred open sites. This 
is linked to differences in the ecophysiological 
responses to light availability of these two groups 
of epiphytes: canopy reduces the amount of pho-
tosynthetically active light and affects its spectral 
quality, and this is known to play an important 
role in the habitat ecology of many epiphytic 
lichens and bryophytes (e.g. Barkman 1958, Rik-
kinen 1995, 1997, Lange et al. 2004, Rosabal et 
al. 2010, Mota de Oliveira & ter Steege 2015, 
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Campos et al. 2019). Many bryophytes are best 
adapted to photosynthesize at relatively low light 
levels. For example, Marschall and Proctor (2004) 
showed that the saturation of photosynthesis of 
most bryophytes occurs at around 20% of full 
sunlight, and the value is usually lower for liver-
worts than in mosses.

Malombe et al. (2016) found that the epiphyl-
lous-bryophyte species richness and distribution 
within three indigenous forests in the Taita Hills 
did not correlate directly with the distance from 
the forest edge but depended on small-scale hab-
itat variables such as available substrate, sunlight 
exposure, and canopy structure, which shows 
that there are several factors controlling spe-
cies distribution. Epiphytic macrolichens tend 
to be most diverse and abundant in habitats that 
combine high atmospheric humidity with moder-
ate levels of light (e.g. Sillett et al. 2000, Zotz 
& Schleicher 2003, Antoine & McCune 2004, 
Jovan & McCune 2005, Gauslaa et al. 2006, 
2007, Geiser & Neitlich 2007).

When comparing the pairs of plastic nets 
mounted on the same frame, one facing upwind 
and second downwind, in most cases epiphytes 
grew better and formed more diverse communi-
ties on the upwind nets, reflecting the beneficial 
role of precipitation (fog and rainwater) trans-
ported by wind and captured by the net and its 
epiphytes. This interpretation was supported by 
the fact that the effect of wind exposure was 
most evident at open sites and reduced inside 
the forest, where air movement is generally 
obstructed by vegetation (Kruijt et al. 2000, 
Muñoz et al. 2004, Mota de Oliveira & ter 
Steege 2015). It is also possible that epiphyte 
propagules carried by the wind reached upwind 
nets more effectively than downwind nets, and 
also this was reflected in epiphyte cover and 
community composition.

Finally, it was interesting to find that no 
mosses were able to colonise the nets during 
the four years of the study. Our previous trans-
plant studies demonstrated that the epiphytic moss 
Orthostichella rigida can more than double its 
initial weight within one year in the moist upper 
montane forests of Mt. Vuria (Stam et al. 2017). 
Orthostichella rigida is dioicous and rarely pro-
duces sporophytes and thus spores. As also sev-
eral other epiphytic moss species are abundant 

and grow rapidly in the same habitat, their total 
absence from our nets most likely reflects dis-
persal limitation. We assume that these pendant 
mosses do not primarily disperse by spores or 
small vegetative propagules such as gemmae, but 
by relatively large fragments, which do not easily 
become attached to vertical nets. It could also 
be that, as compared with many epiphytic liver-
worts, it takes much longer for pendant mosses to 
colonise a substrate. Many epiphytic liverworts 
produce gemmae abundantly while others are 
commonly fertile. This apparent contrast between 
different groups of epiphytic bryophytes should 
be investigated more as the relative importance 
of habitat quality and dispersal potential in limit-
ing species distribution is an important and much 
debated topic in bryophyte and lichen ecology 
(Hutsemeke et al. 2008, Mota de Oliveira et al. 
2009, Mota de Oliveira & ter Steege 2015). Also, 
the observed difference in the cover and biomass 
of liverwort- and lichen-dominated epiphyte com-
munities caused by the different surface to weight 
ratios deserves thought especially when choosing 
between cover and biomass as potential indicators 
of epiphyte abundance.

To conclude, our study demonstrated that 
polyethylene nets can be effectively used to 
study epiphyte colonisation and community 
organization in tropical forests. In combination 
with environmental measurements this approach 
can provide valuable information on the effects 
of abiotic factors on epiphyte establishment, and 
of intrinsic differences in the responses of differ-
ent groups of non-vascular epiphytes.
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