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ABSTRACT: Forest management can alter the structure of vegetation (layer),
particularly in areas used for pasture, such as the Faxinal areas in the south central
region of Paraná, Brazil. Therefore, the aims of the present study were as follows: a) to
assess rain interception in secondary forests; b) to estimate the maximum precipitation
intercepted by the forest; and c) to discuss the possible implications of throughfall for the
hydrologic processes of the secondary forest (Faxinal). Nine 20-cm-diameter rain gauges
(314 cm2) were used. Rain gauges were distributed randomly throughout the forest
and were successively rotated after a specific number of rainfalls. A total of 66 rainfall
events of different volumes were recorded. We observed that an increase in rain volume
tended to homogenize the rainfall interception rate in the forest. Consecutive rainfalls
did not significantly influence the interception rate in the secondary forest. However, the
interception in the secondary forest (10.5%) was lower than the mean interception rate
recorded in other Brazilian forests.
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RESUMO: O manejo em florestas pode causar a desestruturação da vegetação
(estratos), especialmente, em regiões utilizadas para pastagem, como é o caso de áreas
com Faxinais na região Centro Sul do Estado do Paraná. Assim, os objetivos deste estudo
foram: a) a análise da interceptação da chuva em área ocupada por floresta secundária;
b) a estimativa da precipitação máxima interceptada pela respectiva floresta; e, c) discutir
as possíveis implicações da precipitação interna nos processos hidrológicos de floresta
secundária (Faxinal). Para isso, utilizou-se nove pluviômetros com 20 cm de diâmetro
(314 cm2). Os pluviômetros foram distribuídos ao acaso no interior da floresta, os quais
foram submetidos à constante variação de suas posições após os eventos de chuvas.
Foram registrados 66 eventos pluviométricos com diferentes volumes. Verificou-se que o
aumento do volume de chuva tende a homogeneizar a taxa de interceptação da floresta.
As chuvas consecutivas não apresentaram influência significativa na taxa de interceptação
da floresta secundária. Contudo a interceptação da floresta secundária (10,5%) está
abaixo da média de interceptação registrada em outras florestas brasileiras.
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INTRODUCTION
Water circulates in a drainage basin by passing
through various subsystems (e.g., vegetation, soil surface,
and soil) before reaching the river channel. Water that
falls on the soil surface is first distributed in the vegetation
subsystem. The canopy acts as a regulator by directing
the flow and storing water from precipitation. Thus, if
the canopy retains precipitation, water is not transferred
to the plant litter via throughfall and stemflow. This
water is lost to the atmosphere through evaporation
(ANDERSON and BURT, 1990).
Many studies have been conducted on the
interaction of a variety of processes in forest ecosystems,
such as interception (ARCOVA et al., 2003), stemflow
(GERMER et al., 2010), plant litter interception
(WALLACE and OLIVER, 1990; ATARROFF and
RADA, 2000), plant litter input and nutrient production
(FERNANDES et al., 2006), and forest nutrient input
from precipitation (SCHEER, 2009), among other
studies.
Agroforestry systems have also been studied
with regard to management, soil conservation, and
other environmental processes, such as the impact of
the eucalyptus agroforestry system (LIMA, 1996), rain
interception in pinus plantations (LIMA and NICOLIELO,
1983), nutrient dynamics in planted commercial forests
(MACKENSEN et al., 2003), soil loss in agroforestry
systems (MARTINS et al., 2003), and interception
and stemflow in agroforestry systems in Amazonia
(SCHROTH et al., 1999).
The economic, social, cultural, and environmental
features of a particular case of a forest-grazing system in
the south central region of Paraná, called Faxinal, have
been studied (CHANG, 1988). However, there are only a
few studies on the environmental processes in this system
(THOMAZ, 2007).
The Faxinal system is a type of farming system
that is characterized by a) extensive animal production
in communal grazing land within the Araucaria Forest; b)
agricultural production that consists of subsistence crops
for the domestic supply of food and commercialization
of the surplus; and c) yerba mate collection in native
mate plantations within the communal grazing land
and between crop harvests, representing an additional
income (CHANG, 1988).
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In the Faxinal areas, the amount of deposited
plant litter is affected by pasture because animals feed
on some species of leaves and fruits. In addition, animals
such as pigs turn the soil and expose the O2 horizon
(decomposing plant litter). This exposure affects erosion
processes. Since understory and herbaceous vegetation
are not usually present in Faxinal areas, this exposed soil
suffers the direct impact of rain droplets (splash effect)
via dripping from the canopy, which contributes to the
disaggregation of soil aggregates and thereby increases
soil loss (ANTONELI, 2011).
The study of hydrological processes in
the Araucaria secondary forest (Faxinal) is virtually
nonexistent in the literature. Thus, the hypothesis of this
study is as follows: areas of the secondary forest that are
used for pasture, in the south central region of Paraná,
which the canopy is dominated by araucaria (Araucaria
angustifolia), have a lower interception capacity due to
forest thinning. In addition, the purpose of this study is
to discuss the possible implications of throughfall for the
hydrological processes of the secondary forest (Faxinal).

METHODS AND MATERIALS
Characteristics of the study area and of the
monitored forest
The area under study is located in the municipality
of Guarapuava in the state of Paraná (coordinates at the
center of the forest fragment: 25° 24’ S and 51° 24’ O).
The climate of Guarapuava is under the influence of
the extratropical area, which results in mesothermal
temperatures. The mean annual temperature is 17.1 ±
0.47 ºC and the mean annual evaporation rate is 835.1
± 123.9 mm. Rainfall is abundant and occurs throughout
the year (annual mean: 1953.8 ± 389.7 mm) (THOMAZ
and VESTENA, 2003).
The secondary forest has an area of 3.7 ha
that covers the convex relief with a slope length of
approximately 350 m and a mean slope of 12.5%
(Altitude: 1,060 m). The relief of the area under study
varies from rolling (8–20% slope) to strongly rolling
(20–45% slope). The soil is derived from basaltic rock
and is composed of an association of humic Cambisol and
litholic humic Neosol (silt 13.5%, sand 22.0%, and clay
64.5%). The soil depth varies from shallow (< 50 cm) to
moderately deep (< 1.0 m) (Embrapa, 2006).
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The secondary forest (Faxinal) has a 20-m-high
canopy that is dominated by Araucaria angustifolia
(Bert. O. Ktze). The sparse lower stratum is between
6 and 12 m high and is composed of a variety of species
such as Nectranda lanceolata (Nees & Mart. ex Nees),
Nectranda megapotamica ([Spreng.] Mez), Campomanesia
xanthocarpa (O. Berg), Ilex paraguariensis (A. St.-Hil.),
Ocotea pulchella (Nees Mez), and Capsicodendron dinisii
(Schwacke). The herbaceous stratum is virtually absent
due to animal grazing and thinning performed by the
landowner. The secondary forest has a density of 3.075
± 607.6 trees per hectare with dbh ≥ 10 cm.

Interception monitoring
Rain interception monitoring in the secondary
forest recorded 66 rainfall events of different volumes.
Nine 20-cm-diameter rain gauges (314 cm²) were used
for measurements, and the edge of the rain gauge was
approximately 0.5 m above the ground. The nine rain
gauges were randomly distributed throughout the
monitored area, and a rotation system was applied, in
which the collectors were moved to a different point of
collection after every five rainfall events (HELVEY and
PATRIC, 1965; DUNNE and LEOPOLD, 1978). The
purpose of this procedure was to assess the diversity
within the secondary forest (e.g., canopy dominated
by araucaria, canopy + understory, internal clearings,
etc.). Total precipitation (clearing) was measured using
two rain gauges (Hellmann) deployed 200 m from the
edge of the forest. Loss by interception in the canopy
was measured using the equation I = TP – T, in which

I = interception (mm), TP = total precipitation in the
clearing (mm), and T = throughfall (mm).

Data analysis
Data were tabulated and statistical analysis
was performed as follows: 1) descriptive statistics
(mean, standard deviation, and coefficient of variation)
and 2) Pearson simple linear correlation analysis. The
parameters in each statistical analysis were evaluated
with a p-value of 0.05% in order to detect the effect of
the hydrological parameters. Rain interception capacity
was obtained using the linear model y = ax + b (Figure
2). The statistical analysis was performed through the
BioEstat 5.3 software (AYRES et al., 2007).

RESULTS AND DISCUSSION
During the monitoring period, 66 rainfall events
were recorded (total rain: 1,190.4 mm). Of this total
volume, 1,065.1 mm resulted in throughfall (89.5%)
and 125.3 mm was intercepted by the forest (10.5%).
Moreover, throughfall and interception varied according
to rain volume (Table 1). The greatest interception
occurred in rainfalls of less than 2.5 mm (56.3%).
Interception capacity decreased gradually in the
remaining classes of rainfall until it reached a minimum
value of 3.7% in rainfalls of more than 50 mm (Figure 1A).
During the measuring period, a mean interval
of 3.2 days between rainfalls was observed, as well as
the occurrence of consecutive days with rain (2–5 days).
However, this did not affect the interception capacity of
the forest (r = 0.046; p <0.05%). In the beginning of the

TABLE 1 Hydrological parameters measured in the secondary forest according to rainfall class.
TABELA 1 - Parâmetros hidrológicos mensurados em floresta secundária de acordo com a classe de chuva.

Class of rainfall Frequency Mean precipitation
(mm)
(mm)
<2.5
2.5 - 5
5 - 10
10 - 20
20 - 30
30 - 40
40 - 50
>50
Total

9
8
14
13
10
3
6
3
66

1.6
4.1
6.9
14.1
25.4
33.7
44.3
80.7
-

Throughfall
(mm)
0.7
2.8
5.4
12.3
22.9
32.0
40.3
77.7
-

(%)
43.7
68.3
78.3
87.2
90.2
95.0
91.0
96.3
-

Interception
(mm)
0.9
1.3
1.4
1.8
2.5
1.9
4.0
3.0
-

(%)
56.3
31.7
21.7
12.8
9.8
5.0
9.0
3.7
-

Coefficient of variation of
interception
(%)
51.7
32.5
38.1
22.7
17.7
16.7
16.7
12.3
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FIGURE 1 A) Interception as a function of rain volume; B) coefficient
of variation (CV) as a function of rain volume.
FIGURA 1 A) Relação da interceptação em função do volume de
chuva; B) Relação do Coeficiente de Variação (CV) em
função do volume da chuva.

rain event, the interception capacity of the canopy is high,
but the canopy becomes saturated as larger volumes of
precipitation accumulate; throughfall occurs, and water is
transferred to the lower strata until it reaches the plant litter.
Crockford and Richardson (2000) stated that interception is
more affected by intense rainfall of short duration than by
long-lasting rainfall. Germer et al. (2010), on the other hand,
observed that the increase of stemflow in the Amazonian
rainforest was more affected by the amount of rain
(volume) than by its intensity. The present study showed
that interception was not affected even when the canopy
was saturated (saturation being common after consecutive
rainfalls associated with frontal weather systems).
Interception variability increased markedly with
decreasing rain volume. In rainfalls of less than 20 mm,
the mean coefficient of variation (MCV %) was 35.3%.
In rainfalls of more than 20 mm, the variation was 17.1%
(Table 1). There was a significant correlation between
the increase in precipitation and the decrease in the
coefficient of variation (r = −0.630; p < 0.05%) (Figure 1B).
Two explanations can account for this behavior.
The first is the homogenization of throughfall in the
forest due to the dominance of araucaria (canopy),
which has a low interception capacity, as well as the
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scarcity (thinning) of the understory and the absence of
the herbaceous stratum. The second is the characteristic
of the environmental variable itself, since the higher the
measured rate, mass, or volume, the smaller the variation
of the variable (see NEARING et al., 1999). According
to the regression equation (Figure 2), the secondary
forest can completely intercept a rainfall of up to 1.3
mm (p < 0.05%). This value is similar to that estimated
by Lima and Leopoldo (1999) (1.4 mm) for the riparian
forest (Cerradão) and for the Araucaria Forest (1.2 mm)
(CALUX and THOMAZ, 2012).

Throughfall (mm)
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= 66
n =n 66
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FIGURE 2 Throughfall as a function of rain volume (total precipitation)
Note: I = interception and Pt = total precipitation.
FIGURA 2 Precipitação interna em função do volume da chuva
(Precipitação total). Observação: I = interceptação e
Pt = precipitação total.

The variation in the forest’s hydrological
processes is associated with factors such as the
physical characteristics of the rain (intensity, volume,
duration, frequency, and seasonality), the morphological
characteristics of the trees, the type of forest, the type of
canopy, the type of trunk, the composition/distribution
of the understory, and the presence of a herbaceous
layer (LUNDGREN and LUNDGREN, 1979; VIS, 1986;
LIU, 2001; GEMER et al., 2010).
Therefore, comparing data obtained in different
ecosystems is difficult (Table 2). Interception in rainforest
ecosystems varies between 15 and 35% (LUNDGREN
and LUNDGREN, 1979). Liu (2001) analyzed a variety
of forest ecosystems and reported interception between
10 and 30%. With regard to Brazil, the interception rate
reported in the literature varies from 5 to 37.6% (mean
= 21.1 ± 8.0% and n = 17).
The interception rate recorded in the present
study was close to the lower limit reported in the
international literature (10–15%) (DUNNE and
CERNE | v. 21 n. 3 | p. 363-369 | 2015
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Interception rates in different forest phytophysionomies and countries.

TABELA 2 Taxa de interceptação em áreas florestadas de diferentes fitofisionomias e países.

Author

Forest

Country

Rainfall
(mm)

Interception
(%)

Lundgren and Lundgren (1979)

Tropical Rainforest

Tanzania

1,227

22

Altitude Tropical Rainforest

Colombia

1,600-2,800

11- 20

Riparian Forest
(cerradão)

Brazil

1,537

37.6

Schroth et al. (1999)

Equatorial Forest
(agroforestry system)

Brazil

2,622

0.5-13.9

Arcova et al. (2003)

Atlantic Forest

Brazil

2,240

18.6

Tropical Rainforest
(Secondary Atlantic Forest)

Brazil

1,345

18.3

Temperate Rainforest

Chile

4,370

11 - 36

Tropical Rainforest
(Secondary Atlantic Forest)

Brazil

2,235

17.3

Araucaria Forest

Brazil

1,600

14.5

Vis (1986)
Lima and Leopoldo (1999)

Oliveira Júnior and Dias (2005)
Oyarzun et al. (2011)
Scheer (2011)
Calux and Thomaz (2012)

LEOPOLD, 1978; LUNDGREN and LUNDGREN,
1979; LIU, 2001; OYARZUN et al., 2011). The
interception rate in the secondary forest (Faxinal) was
lower than the interception rates recorded in most
Brazilian forests (Table 2). However, the interception
rate was similar to that recorded in the Araucaria Forest
(CALUX and THOMAZ, 2012).
The interception measured in the canopy was as
expected, because the morphological characteristic of the
araucaria tree top (horizontal branches) does not favor
the occurrence of significant stemflow; this process is
more common in trees with inclined and converging
branches (CROCKFORD and RICHARDSON, 2000).
Huber and Iroumé (2001) noted an increase in the
interception rate and a reduction in the stemflow
rate with tree development and growth in a conifer
forest. These authors concluded that this happened
because conifer branches tended to become
horizontal, which increased interception capacity at
the expense of stemflow.
A low interception capacity can have an effect
on the hydrological processes of the secondary forest
(Faxinal) especially through the internal characteristics
of the forest, due to the changing structure of the
intermediary and lower strata (thinning) and the
subsequent reduction in plant litter input. In the
secondary forest (area under study), the stored plant
litter was estimated to be 12.5 t.ha-1, whereas in the

araucaria forest, it reached 22.6 t.ha-1 (THOMAZ, 2007).
In addition, the author noted that the high variability
(47%) of stored plant litter in the secondary forest
was associated with the previously mentioned factors
(irregular canopy and thinning of lower strata), which
results in the discontinuous distribution of plant litter on
the forest floor.
Plant litter is important for the interception of
throughfall and for water retention. A review conducted
by Dunne and Leopold (1978) indicated that the
interception of rainfall by plant litter can vary between 2
and 4% in a conifer forest ecosystem. Wallace and Oliver
(1990) reported an interception capacity of plant litter
of between 10 and 15%. In a study performed in the
mountain tropical forest in Venezuela, the interception
reached 6% (ATARROFF and RADA, 2000).
At this time, the secondary forest (Faxinal) in the
south central region of Paraná is a forest-grazing system
with a low to nonexistent technological component
(THOMAZ, 2011). Many alterations are observed in this
system, such as forest thinning (lower strata), reduction
of plant litter input into the forest floor, changes in rain
interception, soil compaction caused by cattle trampling,
ravine formation in the cattle’s path, mass failure on
stream margins, and increased sediment yield in streams
(THOMAZ and DIAS, 2009).
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CONCLUSION
The aim of the present study was to assess
the rain interception in the secondary forest and to
analyze possible implications of interception for the
hydrological processes of the secondary forest (Faxinal).
The main conclusions are as follows: a) interception
in the secondary forest (10.5%) was lower than the
mean interception recorded in other Brazilian forests;
b) consecutive rainfalls did not significantly affect the
interception rate in the secondary forest. Moreover,
the increase in rain volume tended to homogenize the
interception rate in the forest and consequently reduce
the variability of throughfall (coefficient of variation);
c) the use of the secondary forest as pasture generally
leads to alterations in the structure of lower strata
(shrub, understory, and herbaceous stratum) as a result
of thinning (to allow sunlight to penetrate the forest) and
cattle trampling. These practices result in the reduction
of rain interception. d) thinning can reduce the input of
plant litter, which affects rain interception.
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