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ABSTRACT
The present study aimed at sampling the biomass of vascular epiphytes within a protected area in South 
Brazilian Atlantic Forest. All tree specimens with diameter at breast height equal or greater than 4.8 cm 
were measured and divided into classes. In each class, 10% of tree specimens were randomly selected 
for epiphytic biomass measuring. Furthermore, we divided the phorophytes into five tree parts to analyze 
epiphytic biomass. We generated mathematical models to estimate epiphytic biomass in similar forest 
areas. We analyzed 55 phorophytes and found an estimated epiphytic biomass of 5.3 Mg/ha. Epiphytic 
biomass ranged from 0.02 to 135 kg and the lower values were found on small-sized phorophytes. Higher 
values of epiphytic biomass were found on phorophytes with diameter at breast height between 30 and 36.5 
cm. The tree part with higher epiphytic biomass was the outer crown. The epiphytic biomass showed a high 
correlation with phorophyte diameter, according to the mathematical models. We selected two equations 
which presented the most similar values to the ones we measured. Our results corroborate that epiphytes 
play a very important role as to the biomass level within tropical forests.
Key words: biomass estimation, carbon storage, crown humus, dead organic matter, epiphytes, epiphytic 
biomass.
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INTRODUCTION

The Atlantic Forest is the second largest moist 
tropical forest in the Americas. Ninety-two percent 
of its area is found within the Brazilian territory 
(Fundação SOS Mata Atlântica and INPE 2002, 
Galindo-Leal and Câmara 2003). Epiphyte taxa 

comprise a significant component in this forest due 
to both their high diversity and the high amount 
of biomass that they accumulate (Benzing 1990, 
Nieder et al. 2001). In moist tropical forests, 
epiphytes can contribute significantly to species 
diversity and biomass (40 to 60%) (Kelly et al. 
1994, Ataroff 2001, Kersten and Silva 2006).

Despite epiphytes rarely exceed 2% of forest 
dry matter (Nadkarni 1984), their photosynthetic 
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biomass, photosynthetic rate and ionic uptake can 
be equal or even higher than their hosts (Nadkarni 
1984, Benzing 1990, Hofstede et al. 1993, Coxson 
and Nadkarni 1995). As a matter of fact, in some 
forests, epiphytes can account for 63% of the 
photosynthetic biomass (Walker and Ataroff 2002) 
and nearly 45% of the mineral content (Nadkarni 
1984).

Moreover, epiphytes can absorb and accumulate 
large amounts of decayed organic matter, which 
acts as a nutrient source for arboreal fauna and 
above ground vegetation. They also influence the 
water dynamics as well as the canopy microclimate 
(Pócs 1980, Lang et al. 1980, Nadkarni 1984, 
Hofstede et al. 1993, Bohlman et al. 1995, Freiberg 
1996, Freiberg and Freiberg 2000). 

Therefore, epiphytes play a very important 
role as to primary productivity and nutrient cycling 
in ecosystems. They have the ability to produce 
substantial amounts of biomass, absorbing and 
storaging water, retaining nutrients directly from 
the rain, mist or dust (Nadkarni 1984, Díaz et al. 
2010), by rapidly uptaking and restoring energy 
and ions to the ecosystem (Matelson et al. 1993). 

Despite the important role of epiphytes to the 
maintenance of biological diversity and dynamics 
within tropical forests, research studies about their 
contribution as to biomass in these environments 
are scarce. Among these studies we can highlight 
Nadkarni (1984) and Ingram and Nadkarni (1993). 

To our knowledge, there have been no similar 
studies in Brazil. Therefore, the present study 
aimed at quantifying epiphytic biomass within a 
South Brazilian fragment of Atlantic Forest and 
answer the following questions: (i) How much do 
vascular epiphytes contribute to the biomass in a 
South Brazilian Fragment of Atlantic Forest? (ii) 
How is epiphytic biomass distributed according to 
tree-size (defined by diameter classes)? (iii) How 
is epiphytic biomass distributed along a vertical 
forest gradient (defined by phorophyte zones)?

MATERIALS AND METHODS

STUDY AREA

The survey was carried out at Reserva das Águas, 
which is found within a protected area of 3300 
hectares (Guaraqueçaba Environmental Protection 
Area) in the State of Paraná, Southern Brazil (Fig. 
1). Geographical coordinates are 25°20’– 25°30” S 
and 48°40’– 48°50” W and altitude varies between 
20 and 50 m.a.s.l.

The climate is Cfa (humid subtropical with 
hot summers), according to Köppen’s climate 
classification (Caviglione et al. 2000), with 
neither dry season nor frosts (Maack 1968). Total 
annual precipitation is above 2000 mm, with 
predominant rainfalls throughout the summer 
(Vanhoni and Mendonça 2008). The annual mean 
relative humidity is 85%, and the average annual 
temperatures are between 19 and 21 °C (Caviglione 
et al. 2000, Vanhoni and Mendonça 2008). 

Local geology is dominated by very old and 
eroded rocks (Early Proterozoic), called Cachoeira 
sequence (Silva et al. 1981). However, the hilltops 
of the relief are composed mostly of iron quartzites, 
and therefore, they are more resistant to erosion 
than the surrounding terrain.

Dominant type of soil is Dystrophic Haplic 
Cambisol with weak to moderate “A” horizon 
and argillaceous texture (F.G. Galvão, personal 
observation) and the topography is strongly 
undulating, with slopes between 20 and 30%. 
According to the Brazilian Institute of Geography 
and Statistics (IBGE 2012), vegetation belongs 
to Atlantic Forest Biome and it is classified as 
Submontane Dense Ombrophilous Forest.

DATA COLLECTION

We set out a forest fragment of 1 ha in order to 
estimate the biomass of vascular epiphytes. This 
forest is in a medium stage of tree regeneration, 
containing tree specimens who had their diameter 
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Figure 1 - Localization of study area in the State of Paraná, Southern Brazil.

at breast height (DBH) classified in nine classes. 
All tree species with DBH equal or greater than 4.8 
cm were numbered with small aluminum plates, 
so that we could select a representative number 
of phorophytes belonging to each diameter class 
(Table I). The term phorophytes were defined 
here as host trees of an epiphyte (Tremblay and 
Ackerman 2001). In each class, 10% of tree 
specimens were randomly selected, of which we 
established a maximum of 10 and a minimum of 
four woody species per diameter class (Table I), in 
order to sample vascular epiphytes. 

We divided the phorophytes into five tree 
parts in order to assess the epiphytic biomass, 
based upon the method suggested by Kersten and 
Waechter (2011a) as follows: (i) lower trunk – it 
was defined as the portion between its base and 1.3 
m high from the soil surface; (ii) medium trunk –
the portion between the lower trunk and the upper 
trunk; (iii) upper trunk – the portion between the 
first ramification and 1.3 m below it; (iv) inner 

crown the portion between the first ramification up 
to the end of the branches formed from the first 
ramification; (v) outer crown – the portion which 
includes all branches formed from the second 
ramification (Fig. 2).

We used a 7-m aluminum ladder and/or 
climbing equipment to access epiphytes and 
manually collect them. In cases where branches had 
smaller diameter, not supporting a person’s weight, 
these were suppressed. All vascular epiphytes were 
separated by species and weighed in situ with aid 
of precision weighing scales (0.1, 1 and 50 kg). 
The structural water content of epiphytes was 
determined by removing a known weight sample 
of each specie on a tree part. Samples were dried 
to constant weight in a forced circulation oven at 
60 °C.

ANALYSIS

Data normality were tested by Shapiro-Wilk Test. 
Results were compared by One-Way ANOVA 
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(Analysis of Variance) and effects were further 
tested using an F-test (Zar 2009).

We built regression models based on the 
relationship between phorophyte diameter and 
epiphytic biomass by associating both variables 
with the highest possible accuracy, aiming to 
create mathematical models capable of estimating 
epiphytic biomass in similar Submontane Dense 
Ombrophilous Forests within the region. We used 
Student t-test to assess significant differences 
between the actual values (obtained throughout the 
sampling) and estimated values (obtained by the 
equations). 

Statistical analysis were carried out using 
Microsoft Office Excel 365 as well as performed 
by CurveExpert (version 1.4, by Daniel Hyams).

RESULTS

We sampled 1 megagram (Mg) of vascular epiphytic 
biomass (dry weight) corresponding to 5.3 Mg.ha-1.

Epiphytic dry biomass found on individual 
phorophytes ranged from 0.02 kg (sampled on a 
12.7 cm DBH phorophyte) to 135 kg (sampled on 
a 79 cm DBH phorophyte – Table II).  The lowest 

TABLE I
Phorophyte diameter classes, number of trees sampled 

(TS) and number of randomly selected trees for vascular 
epiphyte sampling (n).

Class DBH (cm) TS.ha-1 n

I 4.8 – 11 1099 10

II 11 – 17.5 295 10

III 17.5 – 24 113 10

IV 24 – 30 59 5

V 30 – 36.5 48 4

VI 36.5 – 43 20 4

VII 43 – 49 15 4

VIII 49 – 55.7 5 4

IX ≥ 55.7 6 4

Total 1660 55

Figure 2 - Tree (phorophyte) parts: 1 – lower trunk; 2 – 
medium trunk; 3 – upper trunk; 4 – inner crown; 5 – outer 
crown (based on Kersten and Waechter 2011a). 

values of biomass were found on the phorophytes 
with smaller diameter classes (F8;55 = 23.23; p < 
0.0000).

Distribution of epiphytic biomass within the 
forest structure showed highest percentage in 
intermediate diameter class (30–36.5 cm) (Fig. 
3). Concerning to biomass distribution along the 
host tree parts (phorophytes), outer crown showed 
higher epiphytic biomass than all other parts (F4;260 

= 11.17; p < 0.0000), even when they are added 
together (Fig. 4). Biomass partitioned in diameter 
classes demonstrate higher values on trunk only in 
classes I and II. In all others, outer crown presented 
greater amounts of biomass (Fig. 5).

Epiphytic biomass had a high positive 
correlation with phorophyte DBH (R = 0.935, p 
≤ 0.05). Among all mathematical equations tested 
to determine epiphytic biomass, two of them had 
estimated values closest to the measured data 
(Fig. 6). Linear regression (equation a) is more 
accurate to estimate the biomass of large tree 
specimens (R = 0.876, p ≤ 0.05), but it could 
result in underestimated and even negative values 
for small woody specimens (DBH lower than 14 
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cm). Non-linear Regression (equation “b”) seems 
to be best suited for estimating epiphytic biomass 
in shorter tree individuals (R = 0.889, p ≤ 0.05), 
but it underestimates the biomass in large tree 
individuals. It should be noted that both equations 
exhibited R values greater than 0.8 (Fig. 6).

Student t-test has not shown significant 
differences between measured biomass values and 
estimated biomass values (Linear: p = 0.97; Non-
linear: p = 0.96). 

DISCUSSION

Research studies exclusively quantifying the 
amount of epiphytic biomass are scarce, and they 
mostly focus on the avascular epiphytic component 
found in the Neotropical montane regions of the 
Northern Hemisphere (Table III). 

The overall epiphytic biomass within the 
Submontane Dense Ombrophilous Forest of 
Reserva das Águas, can be considered high when 
compared to other tropical and subtropical forests 
(Table III). It is noteworthy that studies which 
specifically encompass epiphytic biomass are non-
existent in Brazil, although some survey studies 
quantified total forest biomass and also included 
epiphytic biomass. In one of these studies carried 
out in the Alluvial Mixed Ombrophilous Forest, 
Socher et al. (2008) quantified vascular epiphytic 
biomass as 0.47 Mg.ha-1, which corresponds to 
10% of the overall epiphytic biomass found within 
Reserva das Águas. Although the low number 
of epiphytes indicates significant environmental 
changes in the region due to anthropic impacts 
(Castela and Britez 2004), vascular epiphytism in 
Mixed Ombrophilous Forests is less abundant and 
less diverse than in Dense Ombrophilous Forests 
(Kersten et al. 2009, Kersten 2010).

Some studies reported smaller amounts 
of epiphytic biomass than those found within 
Reserva das Águas. Methodological aspects may 
have caused these differences. Nadkarni (1984) 

TABLE II
Dry and wet epiphytic biomass minimum (min), medium 
(med) and maximum (max) on the phorophytes in each 

diameter class.

DBH 
Class

Dry biomass (kg) Wet biomass (kg)

min med max min med max

I 0.03 0.6 2.4 0.2 2.9 12.1

II 0.02 1.0 2.9 0.1 5.0 13.5

III 0.06 1.9 5.1 0.4 10.9 29.1

IV 2.6 11.6 17.2 18.8 57.5 88.5

V 16.0 30.6 56.0 92.3 169.6 298.5

VI 17.6 22.6 27.7 75.1 95.8 114.9

VII 40.2 56.3 78.1 191.1 252.1 312.0

VIII 29.2 45.4 66.7 145.1 211.6 306.4

IX 30.4 87.0 135.6 170.8 456.2 701.4

Figure 3 - Vascular epiphyte dry biomass per diameter classes 
in a South Brazilian fragment of Atlantic Forest.

Figure 4 - Vascular epiphyte dry biomass per tree parts in a 
South Brazilian fragment of Atlantic Forest.
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Figure 5 - Vascular epiphyte dry biomass per diameter classes and tree parts in a South Brazilian 
fragment of Atlantic Forest.

evaluated epiphytic biomass contained in only one 
dominant species, while Caballero-Rueda et al. 
(1997) developed the study in a regenerating forest. 
Nadkarni (2004) found 0.002 Mg.ha-1 of epiphytic 
biomass in a secondary forest, old pasture, also 
composed mainly of one species. Similarly, Köhler 
et al. (2007) measured 0.08 Mg.ha-1 in a 30 years 
old secondary forest.One of the biggest obstacles 
to study epiphytes is the difficulty in accessing the 
forest canopy (Moffett and Lowman 1995, Mitchell 
et al. 2002), causing restrictions to the number 
of tree samplings (Freiberg 1996, Freiberg and 
Freiberg 2000). Throughout this study, there has 
been a great sampling effort, representing a total 
of 55 tree specimens measured through destructive 
sampling of the epiphytes, which resulted in a 
more accurate data collection when compared to 
other studies carried out with a limited number of 
samples or even using a single phorophyte. Our 
sampling method is likely to have contributed to 
the high amount of estimated biomass, since we 
sampled phorophytes of several species, distributed 
in a wide range of diameters, without neglecting 
the full range of epiphytic biomass found in small 
and medium-sized trees. 

In the Neotropical region some studies 
(Nadkarni et al. 2004, Walker and Ataroff 2002, 
Werner et al. 2011) reported vascular epiphytic 
biomass amounts higher than the values found 
within Reserva das Águas. In these cases, the studies 
were carried out in primary or old-growth forests, 
whereas Reserva das Águas basically comprises 
secondary forests. Moreover, both diversity and 
abundance of epiphytes are substantially low 
in disturbed environments, especially within 
secondary forests in comparison to primary or old-
growth forests (Whitmore 1990, Hietz et al. 1996).

The high biomass values reported by 
Nadkarni et al. (2004) can be related to the forest 
structure, which has a 15–30 m high canopy and 
a high abundance of large-diameter tree species, 
accounting for more than 150 specimens per hectare. 
These characteristics differ from the Reserva das 
Águas structure, in which tree canopies are rarely 
more than 15 m of height and comprise less than 
100 large woody specimens per hectare.  The forest 
studied in Costa Rica is located in a region of low 
to intermediate altitudes, which in a large-scale can 
be considered as a more representative and suitable 
environment for vascular epiphytism (Nieder et al. 
1999, Küper et al. 2004, Krömer et al. 2005).
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TABLE III
Studies on the epiphytic biomass performed in Dense Ombrophilous Forests in the Americas. Latitude (Lat.), longitude 

(Lon.), altitude (Alt.), vegetation typology (Type**),  vascular epiphytic biomass (VEB). SMF = submontane forest; MF = 
montane forest; HMF = high montane forest; SF = secondary forest; OGF = old growth forest; - = uninformed.

Country Lat. Lon. Alt. 
(m.a.s.l.) Type** Successional 

stages
VEB

Reference
(Mg.ha-1)

Venezuela 8 N 70 W 2400 HMF - 9.9* Walker and Ataroff (2002)

Colombia 4 N 74 W 2700 HMF SF 2.4* Caballero-Rueda et al. (1997)

Colombia 5 N 75 W 3700 HMF SF 4.8 Hofstede et al. (1993)

Panama 9 N 78 W 500 SMF - 1.4 Golley et al. (1971)

Costa Rica 10 N 84 W 1500 MF - 4.7 Nadkarni (1984)

Costa Rica 10 N 84 W 1480 MF OGF 8.2 Nadkarni et al. (2004)

Costa Rica 10 N 84 W 14800 MF SF 0.002 Nadkarni et al. (2004)

Costa Rica 10 N 84 W 1490 MF OGF 2.6 Köhler et al. (2007)

Costa Rica 10 N 84 W 1620 MF SF (30 years) 0.08 Köhler et al. (2007)

Ecuador 4 S 79 W 2500 HMF OGF 10.1* Werner et al. (2011)

Brazil 25 S 48 W 200 SMF SF 5.3* Present study 

*Only live biomass; **Typology adapted and reclassified according to IBGE (2012), following the data provided by the mentioned 
authors.

Figure 6 - Mathematical models used to test vascular epiphytic dry biomass estimated from phorophyte DBH and residuals. a) 
Linear regression; b) Non-linear regression. 
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The forest studied by Walker and Ataroff 
(2002) exhibited a higher canopy, as well as a 
higher and more constant relative humidity, which 
is evidenced by increased cloudiness and lower 
insolation, as described by the authors. These 
conditions are mostly responsible for epiphyte 
settlement and growth (Hernández-Rosas 2004, 
Woda et al. 2006, Köhler et al. 2007).  

Nadkarni (1984) asserts that epiphytic 
composition varies according to the size of 
phorophytes, rather than variations among different 
species with similar stem diameter. Although 
epiphytic biomass is higher on older phorophytes 
as they are exposed to longer periods of epiphytic 
colonization (Krömer et al. 2007), whereas young, 
small tree specimens seem to sustain an important 
amount of epiphytic biomass due to their high 
density within the forest structure. 

Based upon our findings, 48% of epiphytic 
biomass within Reserva das Águas were sampled 
in trees with DBH between 24 and 43 cm, which 
can be considered medium-sized. If we consider 
all individuals with DBH less than 43 cm, small 
and medium-sized trees account for 70% of the 
epiphytic biomass. Similarly, forestry studies 
performed by Köhler et al. (2007) exhibited high 
epiphytic biomass values (48%) on tree specimens 
of similar diameter range (DBH between 24 and 
49 cm). 

Phorophyte size has been often related to 
epiphytic diversity and abundance (Laube and Zotz 
2006, Zotz and Schultz 2008, Kersten et al. 2009). 
Large trees exhibit a more complex spatial structure 
which provides more microhabitats, substrate for 
colonization and a larger area for seed deposition 
(Sáyago et al. 2014). The epiphyte biomass is also 
correlated with the age of the trees, since older trees 
have been available for colonization during longer 
periods of time (Kersten and Waechter 2011a).

Thus, we may infer that, although larger 
phorophytes tend to harbor more epiphytes, they 
have lower population density than small and 

medium-sized phorophytes. Therefore, in this 
study, the set of medium-sized trees show higher 
levels of epiphytic colonization, which provide an 
important support for epiphytic sinusia. Although 
small-sized trees harbor low levels of epiphytes 
individually, they play a very important role in the 
environment dynamics. Zotz (2007) had similar 
results and concluded that studying only large host 
trees is likely to result in a biased representation of 
the epiphyte community.

Research studies about epiphytic flora 
(including all tree parts) that analyzed biomass 
stratification were based upon non-constant 
methods, which make it difficult to make further 
comparisons among them. According to our 
findings, the epiphytic biomass distribution within 
Reserva das Águas was similar to that observed by 
Nadkarni (1984) as to the crown epiphytic biomass. 
It has also been reported in several other research 
studies that epiphytic richness and abundance 
were higher in the crown rather than on the trunk 
(Kersten et al. 2009, Kersten and Waechter 2011b, 
Caglioni et al. 2012, Oliveira et al. 2013). 

It is well known that, distribution is not 
uniform when forest canopies are analyzed. 
Nadkarni (1984) found higher epiphytic biomass 
in the inner crown (45%), while within Reserva 
das Águas higher biomass was found in the outer 
crown (46%). These differences may be due to 
different parts of the crown, associated with the fact 
that Nadkarni (1984) also measured the suspended 
organic matter (decaying organic matter located on 
the branches of phorophytes, in association with 
epiphytes), accumulated in large amounts in the 
inner crown. Additionally, difficulties in accessing 
outer crown may cause sub-sampling. In this study, 
the outermost branches were suppressed – allowing 
sampling all epiphytic biomass – which could 
justify our results.

Trunk presented greater abundance of 
epiphytic biomass in smaller-sized phorophytes, 
while outer crowns showed greater amounts in 
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individuals above 17.5 cm diameter. Usually, large 
trees have larger crowns than small trees – most 
of them exhibiting a significant linear relationship 
between crown and trunk diameters (Hemery 
et al. 2005) – providing further hosting area for 
epiphytes. According to Nadkarni (1984), overall 
epiphytic biomass ranges between 1.5 and 2.2% 
of total forest aerial biomass. These percentages 
were based on epiphytic biomass proportion from a 
forest in Costa Rica in relation to the overall aerial 
biomass (secondary data) from forests in New 
Guinea, Jamaica and Panama. On the other hand, 
the epiphytic biomass surveyed within Reserva 
das Águas corresponds to 3% of total biomass, 
similar to what was found by Nadkarni (1984). Our 
findings are based upon the overall aerial biomass 
estimated for Reserva das Águas (173.3 Mg.ha-1), 
using the equation proposed by Brown and Iverson 
(1992), which solely accounts for tree specimens. 

Live epiphytic tissues vary from 55 to 90% 
(Hsu et al. 2002, Nadkarni 1984) of total epiphytic 
biomass (including decaying organic matter 
associated to live epiphytes). However, only a 
fraction of this biomass comprises photosynthetic 
tissues. Estimates by Hsu et al. (2002), studying an 
area with a latitude similar to ours, indicated that 
nearly 70% of live epiphytic biomass is composed 
of photosynthetic tissues. Thus, based on such 
percentage we can estimate that photosynthetic 
epiphyte biomass within Reserva das Águas 
corresponds to approximately 3.7 Mg.ha-1. 

Moreover, one of the very few studies that 
considered solely tree leaf biomass, in a tropical 
rainforest (Golley et al. 1978), indicated that leaves 
correspond to 3.8% of forest aerial biomass. Based 
upon this percentage, we can estimate that leaf 
biomass at Reserva das Águas corresponds to 6.6 
Mg.ha-1, and therefore, epiphytes (3.7 Mg of the 
green biomass) account for nearly 36% of the forest 
epiphytic biomass.

According to Coxson and Nadkarni (1995), 
epiphytic leaf biomass, when compared to the 

phorophytes, can reach 51% of above-ground 
photosynthetic biomass. Hence, the estimates for 
the Reserva das Águas agree with the reported 
proportions, although they are based on secondary 
data, which are very close to the values found 
by Nadkarni (1984) and Hsu et al. (2002) since 
they reported percentages between 30 and 43%, 
respectively.

As far as phorophytes are concerned, organic 
matter associated with the epiphytes influences 
nutrient cycling, since it provides a rich source 
of nutrients that becomes available to the above-
ground fauna and vegetation (Pike 1977, Nadkarni 
1981, Coxson and Nadkarni 1995). In this study, 
organic matter associated with epiphytes was 
calculated based on the values reported by Hsu 
et al. (2002), Nadkarni (1984) and Hofstede et al. 
(1993). Therefore, we estimate the organic matter 
to range between 0.5 and 2.4 Mg.ha-1.

Based upon our findings, the high correlation 
among these parameters allows the estimation of 
epiphytic biomass as it can be observed in linear 
regression, or even non-linear mathematical 
models. The models were not evaluated in other 
areas for validation because this would imply 
in another suppression of phorophytes, which is 
not appropriate considering nature conservation. 
However, the high correlation and the fact that 
we had not shown significant differences between 
measured biomass values and estimated biomass 
values indicates that the epiphytic biomass found 
on any phorophyte can be estimated, provided it is 
located within a similar forest structure.

All in all, the analyzed equations to estimate 
epiphytic biomass showed measures of precision 
with similar values, and in all cases the coefficients 
of determination were higher than 0.85 and the 
standard errors lower than 15. The equation that 
best describes the data is the one that corresponds 
to the non-linear model, because in addition to 
presenting the best measures of precision, it also 
presented a higher coefficient of determination 
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and lower standard error, being more efficient 
when compared to the other non-linear equations, 
resulting in estimated values more similar to the 
actual ones. 

Simple linear regression was not suitable to 
estimate epiphytic biomass on phorophytes with 
DBH smaller than 14 cm, resulting in negative 
values. The graph of residuals shows that the 
equation is likely to underestimate epiphytic 
biomass on small-sized phorophytes. Moreover, 
we may infer that the non-linear regression is 
more suitable for the estimates, as it presented a 
residual distribution pattern, which is satisfactory 
for phorophytes under all diameter classes.

CONCLUSIONS

The epiphytic biomass found within Reserva das 
Águas, even though it is a secondary forest, was 
quite high in comparison to other forests studied 
throughout the Neotropical region.

The individual tree size affects epiphytic 
biomass, which indicates that the maintenance 
of mature forests is essential to preserve the 
diversity of vascular epiphytes. Although epiphytic 
biomass is higher on large-sized trees, young 
and thin-stemmed trees should not be neglected 
in quantitative studies. Even if they harbor small 
epiphytic biomass individually, such tree specimens 
can support a significant amount of epiphytic 
component due to their high density. We finally 
concluded that higher biomass values were found 
on the outer crown of phorophytes.
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