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Summary. We investigated changes in diversity and density of testate amoebae in epiphytes of trees in tropical montane rain forests of 
southern Ecuador. Local – microscale [height on tree trunk of 0 (base of tree trunk), 1 and 2 m; TH I, TH II and TH III, respectively] and 
regional – macroscale (forests at 1000, 2000 and 3000 m) changes were investigated. At the macroscale diversity and density of testate 
amoebae peaked at 2000 m. At the microscale diversity reached a maximum at TH I, whereas density reached a maximum at TH III. The 
percentage of empty shells at the macroscale was at a maximum at 2000 m and at the microscale at TH I, whereas the percentage of live 
cells was at a maximum at 3000 m and at TH III. The diversity of testate amoebae in epiphytes found in the present study was high (113 
species). However, only two to nine species were dominant representing 54–85 percent of total living testate amoebae. The results suggest 
significant variations in density and diversity of testate amoebae at both the micro- and macroscale. However, for testate amoebae density 
the macroscale appears most important whereas changes in diversity are more pronounced at the microscale. 
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INTRODUCTION

Tropical montane rain forests are typically wet for-
ests (Vance and Nadkarni 1990) with a high abundance 
and diversity of plants and animals that change with al-
titude (Brehm et al. 2006, Liede-Schumann and Breckle 
2008). Altitudinal gradients recently attracted much in-
terest in ecology (Körner 2000, Lomolino 2001, Rah- 
 

bek 2005, Beck et al. 2008). Abiotic conditions, such 
as temperature, precipitation, humidity and soil factors, 
change profoundly with altitude (Tanner 1977, Marrs et 
al. 1988, Grieve et al. 1990, Flenley 1995). As a conse-
quence, species richness of most organisms also change, 
but the changes often are not in parallel to altitude and 
vary among taxonomic groups (Gentry 1988, Lomolino 
2001, Rahbek 2005, Gradstein 2008). 

Due to the high precipitation and humidity in par-
ticular epiphytes are abundant and diverse in tropical 
montane rain forests and this also applies to montane 
rain forests in southern Ecuador (Gradstein 2008). Epi-
phyte mats attract a variety of animal taxa (Nadkarni and 
Longino 1990, Yanoviak et al. 2007), especially small 
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species that live in water films, such as testate amoebae 
(Bonnet 1973, Meisterfeld 1978, Bamforth 2007). Mois-
ture plays an important role for the density and diversity 
of testate amoebae (Bonnet 1973, Coûteaux 1976) and 
epiphyte habitats receive enough water and provide suf-
ficient resources to support semi-aquatic life (Maguire 
1971). Testate amoebae are widespread and an ecologi-
cally important group of unicellular organism (Clarke 
2003) that have been shown to be good indicators of 
environmental conditions, such as humidity and acidity 
(Bonnet 1961, Bonnet 1978a, Warner and Chmielewski 
1992). Regarding the diversity and density of testate 
amoebae in epiphyte microhabitats we addressed two 
fundamental questions: how do they respond to (1) al-
titudinal changes (macroscale) and (2) the location of 
epiphytes on trees (height on tree trunk; microscale)?

Recent studies in tropical montane rain forests of 
Ecuador suggest that the diversity and density of plants 
and animals (testate amoebae, geometrid moths, birds) 
peaks at intermediate altitude probably because of fa-
vourable abiotic conditions (Krashevska et al. 2007, 
Beck et al. 2008, Krashevska et al. 2008). Therefore, 
we hypothesised that total diversity and density of tes-
tate amoebae in epiphytes also peak at intermediate 
altitude irrespective of tree microhabitat (macroscale 
hypothesis, H 1).

Existing studies on testate amoebae in epiphytes 
focused on biogeographical issues and the structure of 
communities in different habitats (Nair and Mukherjee 
1969, Chardez et al. 1972, Smith 1974, Smith 1978, 
Bonnet 1978b, Meisterfeld 1979, Beyens et al. 1992, 
Mitchell et al. 2004). Generally, however, compared to 
soil habitats testate amoebae in epiphytes on trees re-
ceived little attention and this applies in particular to 
epiphytes of montane rain forests, e.g. no information is 
available on changes in diversity and density of testate 
amoebae in epiphytes with trunk height. Bonnet (1973) 
investigated epiphytes growing on trees and found them 
to be colonized predominantly by ubiquitous species. 
Therefore, we hypothesised that diversity and density 
of testate amoebae vary little with trunk height there-
by contributing little to testate amoeba diversity (mi-
croscale hypothesis, H 2).

We quantified separately empty shells and live or-
ganisms to investigate factors that affect the turnover of 
testate amoebae. Low pH supports the conservation of 
empty shells (Schönborn 1973, Geltzer et al. 1985) and 
soil pH decreases with increasing altitude in the studied 
montane rain forests (Moser et al. 2007). Further, low 
temperature slows down the turnover of testate amoe-

bae shells (Meisterfeld and Heisterbaum 1986) and 
temperature decreases with increasing altitude (Röder-
stein et al. 2005, Moser et al. 2007). In addition, the 
turnover of testate amoebae increases with increasing 
stress and stress conditions, such as variations in hu-
midity, are likely to be more pronounced higher up in 
trees (Bonnet 1973, Meisterfeld 1978, Bohlman et al. 
1995). Therefore, we hypothesised that the percent-
ages of living cells decreases and that of empty shells 
increases with altitude and height of epiphyte location 
on tree trunks (H 3). 

MATERIALS AND METHODS

Study sites 
The study area is located in southern Ecuador within the Eastern 

Cordillera of the Andes in the province of Zamora-Chinchipe. Along 
an altitudinal transect three study sites at 1000, 2000 and 3000 m a.s.l. 
were investigated. The study site at 1000 m was located in Bombus-
caro near the province capital Zamora (04°06′ S, 78°58′ W), the one 
at 2000 m in the Reserva Biologica San Francisco (RBSF) in the 
valley of the Rio San Francisco (03°58′ S, 79°4′′ W) and the one at 
3000 m in the Cajanuma area at the north-west gate of Podocarpus 
National Park south of Loja (04°06′ S, 79°10′′ W).

The sites are covered with mostly undisturbed montane rain for-
est (Homeier et al. 2002). The climate is semihumid with 8 to 10 
humid months per year. Accordingly, annual rainfall is high with ca. 
2200, 3500 and 4500 mm at 1000, 2000 and 3000 m, respectively. 
The mean annual air temperature is decreasing with altitude from 
14.9 to 12.3 to 8.9°C at 1000, 2000 and 3000 m, respectively. The 
coldest month is August, the warmest November (Röderstein et al. 
2005); more details are given in Beck et al. (2008). 

In the RBSF, a montane forest reserve of approximately 1000 ha 
in southern Ecuador, almost 2400 species of flowering plants, ferns, 
bryophytes and lichens have been recorded (Liede-Schumann and 
Breckle 2008), about every second species is an epiphyte (for more 
details see Kürschner and Parolly 2007). The RBSF harbours more 
than 500 species of bryophytes, probably the highest number ever 
recorded from such a small area in the tropics (Gradstein et al. 2007, 
Kürschner and Parolly 2007). In spermatophytes orchids, mostly 
growing as epiphytes, are the most specious family with a total of 
ca. 340 species. This is the highest number recorded for a neotropi-
cal forest site. Lauraceae, Melastomataceae and Rubiaceae are most 
species rich and most frequent throughout the study site (for details 
see Homeier et al. 2002).

Sampling
At each altitude a sampling area of 100–200 m2 was selected and 

six trees with epiphytes were randomly chosen (macroscale). From 
each tree, three epiphyte samples at different height on tree trunks 
were taken (microscale): (1) at the bottom of the tree trunk (trunk 
height 0 m, TH I), (2) at a trunk height of 1 m (TH II) and (3) at a 
trunk height of ca. 2 m (TH III). Therefore, a total of 54 samples 
were analysed. The samples included epiphytes (mainly crypto-
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gams) and decomposing organic materials, such as abscised parts of 
epiphytes and bark of host trees; epiphytes at TH I and II consisted 
mainly of mosses and other cryptogams, whereas at TH III they con-
sisted of a variety of cryptogams. Cryptogam species composition 
varies markedly along tree trunks (Gradstein et al. 2007, Kürschner 
and Parolly 2007); the samples therefore consisted of a variety spe-
cies which were not identified. Also, tree species vary strongly even 
on small spacial scales and therefore samples originated from dif-
ferent species on both the small and large scale. Samples were taken 
in March 2007.

Testate amoebae
Testate amoebae extraction was done by washing samples over 

filters of 500 µm and 250 µm mesh size, and then back-sieving the 
filtrate over a 20 µm mesh filter. The sieving over 500 and 250 µm 
was done with high water flow to maximize the extraction of tests 
(see Mitchell et al. 2004). Testate amoebae were investigated from 
the fraction between 250 and 20 µm and small forms were recov-
ered from the filtrate on a 20 µm mesh filter. Microscopic slides 
were prepared and shells were identified and counted at 200 × or 
400 × magnification with an upright Leitz Ortholux II. Testate 
amoebae were divided into live cells (live organisms and organism 
in cyst) and empty shells after staining with aniline blue (Merck, 
Darmstadt). For staining testate amoebae on microscopic slides one 
drop of aniline blue solution (2%) was added (see Schönborn 1968). 
Testate amoebae were determined to species (morphospecies) level 
and numbers were expressed per gram of air dry material (see Kra-
shevska et al. 2007). The full names of species are listed in Ap-
pendix S1. 

Statistical analyses
Data on diversity and density of testate amoebae taxa were ana-

lyzed by MANOVA to evaluate the effects of the factors Altitude 
and Trunk height. If significant protected ANOVAs were carried out 
for individual taxa to evaluate which of the taxa contributed to the 
significant MANOVA effect. Statistical analyses were performed us-
ing SAS 9.13 (SAS Institute Inc., Cary, USA). Data of density were 
log-transformed to improve homoscedasticity. Percentage data of 
live cells and empty shells were arcsine square-root transformed. 

RESULTS

Species diversity

A total of 113 testate amoebae taxa were identified 
and counted (see Appendix S1). Generally, the number 
of species was at a maximum at 2000 m (Fig. 1), at a 
minimum at 3000 m and intermediate at 1000 m (F2,45 = 
21.0, P < 0.0001), and varied with trunk height with a 
maximum at TH I, a minimum at TH II and intermedi-
ate diversity at TH III (F2,45 = 33.6, P < 0.0001). How-
ever, species number at TH II varied less than at TH I 
and TH III with the number at 1000 and 2000 m being 
similar (significant Altitude × Trunk height interaction 
F2,45 = 5.2, P = 0.0015).
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Dominance

Live forms: At 1000 m nine (TH I) and seven (TH 
II and TH III) species dominated (contributing > 5% to 
total abundance) and accounted for 70, 80 and 71% of 
the total abundance, respectively (Figs 2 A, B, C). At 
2000 m six (TH I and TH II) and seven species (TH 
III) dominated and accounted for 83, 85 and 54% of 
the total abundance, respectively. At 3000 m six (TH I), 
two (TH II) and seven species (TH III) dominated and 
accounted for 81, 69 and 81% of the total abundance. 
Euglypha strigosa (Ehrenberg) was the most dominant 
species at eight sites, Assulina muscorum Greef at sev-
en sites and Cyclopyxis eurystoma v. parvula Bonnet, 
Thomas at six. 

Empty shells: The dominance of empty shells gen-
erally resembled that of live cells but with Cyclopyxis 
eurystoma v. parvula Bonnet, Thomas dominating at 
eight sites, Euglypha strigosa (Ehrenberg) at six sites 
and Assulina muscorum Greef at only five sites (Figs 
2 D, E, F).

Density

MANOVA suggested that the density of testate 
amoebae significantly responded to changes in alti-
tude (Wilks’ Lambda 0.1033, F6,86=30.3, P < 0.0001) 
and trunk height (Wilks’ Lambda 0.5011, F6,86 = 5.9, 
P < 0.0001) and the interaction of both (Wilks’ Lambda 
0.4049, F12,114 = 3.9, P < 0.0001). The density of live 
cells increased in the order 1000 < 3000 < 2000 m 
(F2,45  = 31.3, P < 0.0001; Fig. 3), and that of empty 
shells in the order 3000 < 1000 < 2000 m (F2,45 = 58.6, 

Fig. 1. Average species number of testate amoebae in epiphytes at 
three altitudes (1000, 2000 and 3000 m) and three trunk heights 
(0, 1, and 2 m labelled TH I, TH II and TH III, respectively). Means 
with standard errors. Bars with different letters vary significantly 
(Tukey’s HSD test, α < 0.05).
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P < 0.0001; Fig. 4). At each of the altitudes the density 
of live cells significantly increased from TH I to TH II 
to TH III (F2,45 = 16.2, P < 0.0001 for Trunk height). The 
interaction between Altitude and Trunk height was sig-
nificant for empty shells, reflecting the strong increase 
in the number of empty shells in the order TH II < TH I 
< TH III at 2000 m (F2,45 = 5.0, P = 0.002; Fig. 4). 

Percentage of live cells and empty shells

Percentage of live cells was not similar to density 
and decreased in the order 3000 > 1000 > 2000 m (F2,45  
= 53.1, P < 0.0001). However, changes in the percent-
age of empty shells resembled that in density increas-

ing in the order 3000 < 1000 < 2000 m (F2,45 = 53.8, 
P < 0.0001). With trunk height the percentage of live 
cells increased in the order TH I < TH II ≤ TH III (F2,45 
= 12.1, P < 0.0001), whereas the percentage of empty 
shells increased in the order TH III ≤ TH II < TH I (F2,45 
= 12.1, P < 0.0001). The percentage of live cells was at 
a maximum (74%) whereas that of empty shells was at 
a minimum (26%) in TH III at 3000 m, and the percent-
age of empty shells was at a maximum (85%) and that 
of live cells at a minimum (15%) in TH I at 2000 m 
(for the Altitude × Trunk height interaction of live cells  
F2,45 = 9.8, P < 0.0001, of empty shells F2,45 = 9.6, 
P < 0.0001, respectively).
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Fig. 2. Dominance of live cells (A, B, C) and empty shells (D, E, F) of testate amoebae in epiphytes at three altitudes (1000, 2000 and 3000 
m) and three trunk heights (0, 1, and 2 m labelled TH I, TH II and TH III, respectively). Full names of species are listed in Appendix S1.
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DISCUSSION

Abiotic factors in particular acidity and humidity of 
the habitat are assumed to be the main determinants of 
the diversity and density of testate amoebae (Bonnet 
1973, Coûteax 1976, Searles et al. 2001). In addition, 
testate amoebae have been assumed to be sensitive to 
stress, e.g. as induced by variations in humidity (Bon-
net 1973, Meisterfeld 1978). Further, testate amoebae 
are likely to depend on the availability and diversity of 
resources and therefore may respond parallel to that of 
other organisms in particular plants (Lousier and Par-
kinson 1984, Schönborn 1992, Coûteaux and Darby-
shire 1998) that provide the basal resources for decom-
poser systems, plant litter material. Along the studied 
altitudinal gradient in tropical rain forests of Ecuador 
acidity, humidity and UV-radiation increase, and tem-
perature and tree height decrease. With tree height the 
variability of humidity and temperature increases likely 
resulting in increased stress for testate amoebae. In con-
trast to abiotic conditions, the diversity of plants and 
animals does not uniformly change with altitude but of-
ten peaks at intermediate altitude, i.e. at 2000 m (Beck 
et al. 2008, Liede-Schumann and Breckle 2008). Inves-
tigating testate amoebae in epiphytes at the microscale 
(trunk height of 0, 1 and 2 m) and macroscale (altitudes 
of 1000, 2000 and 3000 m) we expected their density 

and diversity to peak at 2000 m (parallel to plants and 
other animals; H 1) and to decline with trunk height 
(due to increased variability of abiotic factors; H 2).

A total of 113 testate amoebae taxa were found with 
the mean species richness of 25 per sampling location. 
Other studies investigating species richness of testate 
amoebae in epiphytes reported a maximum of ca. 80 
species (Bartoš 1963, Bonnet 1973, Beyens and Chard-
ez 1994, Bamforth 2007). By comparison, a total of 135 
species of testate amoebae were found in litter and soil 
of the studied montane tropical rain forests in Ecuador 
(Krashevska et al. 2007). Therefore, the diversity of tes-
tate amoebae in epiphytes found in the present study is 
high. However, only two to nine species were dominant 
representing 54–85% of total living testate amoebae. 
Notably, these consisted predominantly of cosmopoli-
tan species occurring in humid habitats of low pH, such 
as Assulina muscorum Greef and Euglypha strigosa 
(Ehrenberg) confirming earlier findings (Bonnet 1964, 
Schönborn 1973). 

In agreement to our expectation (H 1) diversity and 
density of testate amoebae peaked at intermediate alti-
tude (2000 m) with an average richness of 53 taxa and 
average density of 15,165 individuals/g dry wt. Remark-
ably, the density of testate amoebae in epiphytes ex-
ceeded that in litter and soil (Krashevska et al. 2007). 

We expected that diversity and density of testate 
amoebae in epiphytes decline with increasing trunk 
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Fig. 3. Density of live cells of testate amoebae in epiphytes at three 
altitudes (1000, 2000 and 3000 m) and three trunk heights (0, 1, 
and 2 m labelled TH I, TH II and TH III, respectively). Means with 
standard errors. Bars with different letters vary significantly (Tuk-
ey’s HSD test, α < 0.05).

Fig. 4. Density of empty shells of testate amoebae in epiphytes at 
three altitudes (1000, 2000 and 3000 m) and three trunk heights (0, 
1, and 2 m labelled TH I, TH II and TH III, respectively). Means 
with standard errors. Bars with different letters vary significantly 
(Tukey’s HSD test, α < 0.05).
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height (H 2). The results supported this hypothesis for 
testate amoebae diversity but not for density. Irrespec-
tive of altitude the diversity of testate amoebae indeed 
reached a maximum at TH I, whereas density of testate 
amoebae reached a maximum at TH III. High density 
at TH III at least in part may be due to the combined 
effect of favourable microclimatic conditions, e.g. high 
humidity combined with high UV-radiation (Beck et al. 
2008) both are known to beneficially affect testate amoe-
bae (Bonnet 1973, Coûteaux 1976, Searles et al. 2001). 
High frequency of species with acrostomy, e.g. species 
of the genera Euglypha, Assulina and Nebela, supports 
the conclusion that humidity is a major structuring force 
for testate amoebae at TH III. Aboveground species ex-
perience greater extremes in temperature, wetting and 
drying cycles than species on the forest floor (Bohlman 
et al. 1995). Therefore, only species adapted to variable 
environmental conditions are able to survive, e.g. spe-
cies with short life cycles such as Trinema complanatum 
Penard and Trinema enchelys Leidy which already start 
to reproduce after ca.1–3 days (Schönborn 1975). Maxi-
mum diversity at TH I presumably results from the close 
vicinity to the forest floor where the number of species is 
even higher (Krashevska et al. 2007) and some of these 
species presumably colonize epiphytes at the base of 
trees, e.g. species of the genus Plagiopyxis. Furthermore, 
more constant abiotic conditions at the base of trees as 
compared to TH II and TH III presumably contributed to 
the high diversity of species at TH I. 

Increasing acidity and decreasing temperature along 
the altitudinal gradient and more pronounced stress con-
ditions higher up in trees led us to expect that percent-
ages of live cells decreases and empty shells increases 
with altitude and height of epiphyte on tree trunks (H 3). 
In contrast to this expectation, the percentage of empty 
shells along the altitudinal gradient was at a maximum 
at 2000 m and on trees at TH I. With the data available, 
these patterns are difficult to explain but suggest caution 
of relating the turnover of empty shells to environmental 
conditions such as pH. Further, in contrast to our expec-
tations, the percentage of live cells was at a maximum at 
3000 m and at TH III. Potentially, high precipitation at 
this altitude (4500 mm/yr; Röderstein et al. 2005) results 
in high density of testate amoebae. Furthermore, lower 
density of empty shells was most pronounced higher up 
on tree trunks were the physical forces of raindrops pre-
sumably are most pronounced. 

Results of the present study suggest significant chang-
es in density and diversity of testate amoebae along both 

the micro- and macroscale. However, for testate amoebae 
density the macroscale appears most important whereas 
changes in diversity of testate amoebae are more pro-
nounced at the microscale. The decline in diversity with 
increasing trunk height suggests that the diversity of tes-
tate amoebae predominantly depends on abiotic factors, 
in particular on the water regime of the habitat, i.e. con-
stant moisture conditions; and distance from the more di-
verse forest floor. Maximum density at 2000 m along the 
studied altitudinal gradient suggests that testate amoebae 
density benefits from high diversity of other organisms 
in particular that of plants (Beck et al. 2008, Liede-Schu-
mann and Breckle 2008). Maximum number of species at 
2000 m suggests that this also applies to testate amoebae 
diversity indicating that at given abiotic conditions testate 
amoebae diversity is modulated by biotic factors such as 
the diversity and quality (e.g. carbon-to-nitrogen ratio) 
of plants driving the community composition of micro-
organisms, potential food resources for testate amoebae. 
To prove these assumptions experimental manipulations 
of major abiotic factors, such as the moisture regime, and 
biotic factors, such as the diversity of litter materials, are 
necessary. These investigations are currently under way 
at our study site.
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