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ABSTRACT: Araucaria angustifolia, also known as the Paraná Pine is an endangered tree species in
Brazil and little is known of the diversity of soil invertebrates inhabiting these forests. Therefore, the
present study was set up to evaluate the biomass and diversity of earthworms in natural and reforested
Araucaria plots, impacted or not by fire, and to identify the most efficient earthworm collection
method. Four study areas included: native forest with Araucaria (NF); Araucaria reforestation (R);
Araucaria reforestation submitted to an accidental fire (RF); and native grass pasture with native
Araucaria and submitted to an intense accidental fire (NPF). Five soil samples containing the earthworm
community were taken in a 0.3 ha area in each of the forest sites, close to five Araucaria trees selected
at random. Three collection methods were tested: application of dilute Formol (0.5%) to the soil
surface, handsorting of small (25 × 25 cm) or large (40 × 40 cm) monoliths. Five earthworm species were
found: the native Glossoscolex sp.1, Glossoscolex sp.2, Glossoscolex bondari and Urobenus
brasiliensis (Glossoscolecidae), and the exotic Amynthas corticis (Megascolecidae). Formol was
more efficient for collecting A. corticis, found in much higher abundance and biomass in NF than in
the other areas. Larger handsorted samples were more efficient for capturing Glossoscolex species,
mainly present in RF and NPF. For adequate characterization of earthworm abundance and biomass in
these Araucaria forests, both the Formol and the larger monolith methods are recommended.
Key words: Oligochaeta, biodiversity, burning, native and exotic species, bioindicators

POPULAÇÕES DE MINHOCAS AMOSTRADAS USANDO MÉTODOS
DE COLETA EM FLORESTA ATLÂNTICA COM

Araucaria angustifolia

RESUMO: Araucaria angustifolia, também conhecida como Pinheiro do Paraná é uma espécie de árvore
ameaçada de extinção no Brasil e pouco se conhece sobre a diversidade de invertebrados que habitam
os solos destas florestas. O presente estudo teve o objetivo de avaliar, em florestas com araucária
naturais e reflorestadas impactadas ou não pela queima acidental, a diversidade e a biomassa de minhocas,
além de identificar o método mais eficiente para coletar estes animais. As áreas estudadas incluem:
floresta nativa com araucária (NF); reflorestamento de araucária (R); reflorestamento de araucária
submetido a incêndio acidental (RF); e campo nativo com araucárias nativas e ocorrência de incêndio
(NPF). Em cada floresta, cinco amostras de solo para avaliação da comunidade de minhocas foram
coletadas em 0,3 ha, perto de cinco árvores de araucária selecionadas ao acaso. Foram testados três
métodos: aplicação de Formol diluído (0,5%) na superfície do solo; escavação e triagem manual de
monólitos pequenos (25 × 25 cm) ou maiores (40 × 40 cm). Foram encontradas cinco espécies de minhocas,
as nativas Glossoscolex sp.1, Glossoscolex sp.2, Glossoscolex bondari e Urobenus brasiliensis
(Glossoscolecidae), e a exótica Amynthas corticis (Megascolecidae). Formol foi mais eficiente para
coletar A. corticis espécie encontrada em maior abundância e biomassa fresca total em NF do que nas
outras áreas. A triagem manual de amostras de solo maiores foi mais eficiente para capturar as espécies
de Glossoscolex, presentes principalmente em RF e NPF. Formol e a triagem manual de monólitos maiores
são recomendados para caracterizar a abundância e biomassa de minhocas nas florestas com araucárias.
Palavras-chave: Oligochaeta, biodiversidade, queima, espécies nativas e exóticas, bioindicadores
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INTRODUCTION

Araucaria angustifolia (Bertoloni) Otto.
Kuntze., also known as the Paraná pine, is a gymno-
sperm plant that belongs to the Araucariaceae family,
and is the most important tree in the Mixed Subtropi-
cal Ombrophilous (Araucaria) forest. This forest origi-
nally covered about 200,000 km2 (Guerra et al., 2002)
in Brazil. Today only 3% of this forest remains intact
in the State of São Paulo (SP), at sites with elevations
ranging from 500 to 1.600 meters, between 21º and
30º S (Hueck, 1972).

Human interference and accidental fires in
Araucaria forests in SP caused directly or indirectly
by humans contribute to the extinction of this plant
(classified as endangered) and could negatively affect
the populations and diversity of soil invertebrates liv-
ing in them. However, there are little available data on
the effect of human interventions on these organisms
in SP.

Although studies involving soil fauna have sub-
stantially increased in recent decades in Brazil and the
world (Baretta et al., 2006; James & Brown, 2006)
owing to a growing interest for an understanding of
the processes by which these organisms take part in
various ecosystems, there are still methodological chal-
lenges to be overcome in these studies (Edwards,
1991). In this respect, a number of factors compli-
cate the evaluation of soil animal biodiversity, such as:
environmental and soil heterogeneity, difficulty in ex-
tracting these animals (Raw, 1959; Decaëns & Rossi,
2001) and determining the ideal sample size to estimate
number of species per unit area (Giller et al., 1997;
Ekschmitt, 1998) and representativeness of the sample
(Dickey & Kladivko, 1989).

Sampling methods often under or overestimate
the density and diversity of soil organisms, and the
“Tropical Soil Biology and Fertility” method (TSBF)
(Anderson & Ingram, 1993), frequently underestimates
the abundance of both smaller (e.g., ants, termites,
centipedes, pillbugs) and larger (e.g., big earthworms)
animals that do not even fit within a sample, and may

be cut when the monolith is collected (Caballero, 1976;
Lavelle et al., 1981; Jiménez et al., 2006). Therefore,
the adoption of a single sampling method may not be
effective to extract the abundance and richness of
earthworm species from a given site (Dikey &
Kladivko, 1989; Joschko et al., 2006), such as when
these species remain in deeper soil layers most of the
time (Chan & Munro, 2001; Lavelle & Spain, 2001),
or during the dry season.

The study of earthworm populations living in
Araucaria forests may be important to understand soil
processes in these ecosystems, since earthworms are
major players in the decomposition and mineralization
of organic matter and in the generation and mainte-
nance of soil structure (Lavelle & Spain, 2001). Fur-
thermore, earthworms can be used as bioindicators of
disturbance as well as of soil quality (Paoletti, 1999;
Joschko et al., 2006). Therefore, the present study
was conducted in order to evaluate the earthworm den-
sity, diversity and biomass, and to identify the most
effective method to collect these animals in natural for-
est areas and in areas reforested with Araucaria, im-
pacted or not by fire.

MATERIAL AND METHODS

The study was conducted in the Campos do
Jordão county, SP, in four areas with A. angustifolia,
belonging to the Campos do Jordão State Park, located
210 km from the city of São Paulo (22º39’ S, 45º27’
W), at a mean elevation of 1.519 m. The sites were
located in an area with gently rolling topography, and
a mean slope of 0.1702 m m-1. The soil in the four
Araucaria forest areas was classified as a clayey-tex-
tured Typic Hapludox (Table 1), and the climate in the
region is defined as subtropical (upland), mesothermal,
and humid (Köppen’s Cfb). Most precipitation falls in
the summer, and >240 mm may fall in February, while
in September (driest month) rainfall amounts to ap-
proximately 90 mm. Mean monthly temperature ranges
from 17.5ºC in February to 11.5ºC in June (Moreira
et al., 2006).

Table 1 - Soil chemical characteristics in natural forest (NF), introduced forest (R), forest impacted-by-fire (RF) and native
grass pasture with Araucaria trees submitted to an intense accidental fire in September 2004 (NPF). Campos do
Jordão, SP, Brazil.

1OM= organic matter (Walkey-Black Method).
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R 9.3 7.931 9.3 2.2 5.1 0.1 7.571

FR 9.3 3.061 4.8 0.3 3.2 5.1 0.891

FPN 9.3 4.24 5.3 1.3 0.2 5.1 0.69
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The four forests with Araucaria selected for
the study were: a native, climax forest, with predomi-
nance of Araucaria trees, and low anthropic interfer-
ence (NF); a reforested Araucaria plot planted in 1959
(R); a reforested Araucaria plot planted in 1959, sub-
mitted to an intense accidental fire in July 2001 (RF);
and a natural pasture grazed by cattle containing na-
tive Araucaria trees (NPF), submitted to an intense
accidental fire in September 2004. All sample sites were
located in a toposequence at similar elevation. The na-
tive forest (NF) contained mostly large Araucaria trees
and other shrubby, herbaceous, and arboreal species
belonging to various native families. Site R had sev-
eral Podocarpus lambertii Klotz trees, but a predomi-
nance of Araucaria trees. Due to the fire, RF had
fewer Araucaria trees and a predominance of Aristida
longiseta (grass) and Braccharis trimera (Compositae).

Five soil samples to evaluate the earthworm
community were taken in 0.3 ha areas selected at ran-
dom in each of the four sites, close to five Araucaria
trees. Distance between sampling points was approxi-
mately 10 meters. In August 2005 three collection
methods were tested: the application of 20 liters of di-
lute (0.5%) formaldehyde (Formol) on a 1m2 soil sur-
face (Raw, 1959); handsorting of small (25 × 25 cm)
(TSBF), or larger (40 × 40 cm) soil monoliths, both
taken to a 0-0.3 m depth. Larger sample units and
Formol were employed because a large anecic species
(Glossoscolex giganteus Leuckart, 1836) had been re-
ported in these areas (Michaelsen, 1926). Soil chemi-
cal characteristics (Table 1) were evaluated from three
subsamples, collected around each randomly selected
Araucaria tree, from a soil layer of 0-0.2 m. The
samples were analyzed according to the methodology
described by Raij et al. (2001).

Earthworms appearing on the soil surface with
the formalin applications were placed in 20% alcohol
for approximately 5 minutes to be anesthetized and
killed. The earthworms were thereafter preserved in
4% formaldehyde. In the TSBF and larger monolith
samples, the earthworms were handsorted from the
soil. In the laboratory, adult earthworms were identi-
fied to the genus (imatures) or the species level; iden-
tification at the species level was made using a ste-
reoscopic microscope of 100× magnification. Total
fresh biomass (g m-²) was obtained by washing the
earthworms in running water, and drying them with a
paper towel in the open air for three minutes.

Earthworm abundance per square meter (num-
ber of individuals m-2) and total fresh biomass (g m-²)
in the areas were submitted to analysis of variance
(two-way ANOVA), using the SAS version 6.2 statis-
tical program (SAS Institute, 1996), and means were
compared by the LSD test (P < 0.05). Due to vari-

ance heterogeneity (high presence of zero values), the
abundance and biomass data were Log transformed.
A multivariate cluster analysis was also performed by
the complete linkage (furthest neighbor) method
(Everitt, 1993; Jongman, 1995). In this case, the “Eu-
clidean distance” (Frakes & Yates, 2000) between the
number of earthworms of each species captured per
m-2 was taken as a similarity measurement, using the
STATISTICA 6.0 program (StatSoft Inc., 2001). Ad-
ditionally, earthworm abundance and total fresh bio-
mass were used to obtain the gradient length. Because
this length was smaller than three (linear response),
the principal components analysis (PCA) was chosen,
via the CANOCO version 4.0 software program (Ter
Braak, 1986; Ter Braak & Smilauer, 1998).

RESULTS AND DISCUSSION

The soils had low base saturation and are
acidic at all sites. At NF, however, the soil presented
higher P, K, Ca, and Mg contents than the other areas
(Table 1).

Abundance of the earthworm species
Combining the three methods, five earthworm

species were found, belonging to two families and
three genera. The most abundant earthworm was an
exotic species, Amynthas corticis (Kinberg, 1867)
(Megascolecidae). The remaining species (all native),
Glossoscolex sp.1, Glossoscolex sp.2, Glossoscolex
bondari (Michaelsen, 1926) and Urobenus brasiliensis
(Benham, 1887) (Glossoscolecidae), were all less abun-
dant (Table 2).

Earthworm abundance varied from 0 to 20 in-
dividuals m-2, following a descending order in the
sample sites RF > NF > R > NPF, although the order
depended on the method employed (Table 2). How-
ever, the collection method influenced earthworm di-
versity and abundance, and the magnitude of response
varied according to the method employed, and the
abundance of species present in each sample site.

Very few earthworms were extracted from the
R and NPF areas by the Formol method (Table 2). This
method is only effective for some earthworm species
that are active on the soil surface, such as A. corticis.
There was a low frequency of Amynthas in these sys-
tems, and other species present were not collected with
formalin application. Baker (1985) tested the effective-
ness of five dilute formaldehyde rates (0.07, 0.11,
0.22, 0.44 and 0.66%) as compared to the manual col-
lection method (using a 0.25 m2 quadrant) to extract
earthworms, and verified that the 0.44% concentra-
tion (similar to the one tested in the present study) was
the most effective to extract earthworm species more
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active on the soil surface. Nonetheless, the formalde-
hyde extraction method is toxic to plants (Caballero,
1976) and is also carcinogenic, and its use as an ex-
tractor might become prohibited by law (Schmidt et
al., 2001).

Nevertheless, the use of formaldehyde (Formol
method) was necessary to effectively evaluate A.
corticis populations in the four areas. This rapidly mov-
ing species was not adequately collected using the
monolith methods, probably because of its rapid es-
cape capability as the samples are being dug out. The
highest total fresh biomass values (g m-2) were ob-
tained with the formaldehyde and larger monolith (40
× 40 cm) samples (Figure 1). With formalin, high bio-
mass values were mostly due to A. corticis, while in
the larger monoliths, it was mostly due to Glossoscolex
sp.2.

Although handsorting soil monoliths adequately
collected most soil-dwelling Glossoscolex species, nei-
ther of the two monolith sizes were adequate to col-
lect the surface-active Amynthas and Urobenus species
(Table 2 and Figure 1). Furthermore, using the TSBF
method, no earthworms were collected in both R and
NPF. But when the monolith size was increased to 40
× 40 cm, more Glossoscolex individuals were collected
(Figure 1), also increasing earthworm biomass recov-
ered (Table 2).

Native forests (particularly when well pre-
served) generally tend to have higher earthworm
biodiversity than human-altered ecosystems (Fragoso
et al., 2006). This is generally due to the greater vari-
ability and availability of different food resources, and
the absence of noxious perturbations (Decaëns et al.,
1998; Correia & Andrade, 1999; Ponge et al., 1999).

seicepsmrowhtraE FN R FR FPN
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Table 2 - Abundance and biomass (Mean ± SD: Standard deviation) of earthworms collected in August 2005, using the
Formol (0.5%), small (25 × 25 cm) (TSBF) and large Monolith (40 × 40 cm) methods, in a natural forest (NF),
introduced forest (R), forest impacted-by-fire (RF) and native grass pasture with Araucaria trees submitted to an
intense accidental fire in September 2004 (NPF). Campos do Jordão State Park, SP, Brazil. Mean of five replicates.

* Biomass total fresh weight (g m-2); ** Imatures. Means followed by the same letter in each line do not differ (P < 0.05) by the LSD test.
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In the present study, NF, RF and R all had three spe-
cies, while NPF had only two species. However, spe-
cies composition among the sites was different;
Glossoscolex sp.1 was not found in NF, while
Glossoscolex sp.2 was found only in NF and G.
bondari only in RF. However, the juvenile Glossoscolex
collected by hand sorting in NF and RF may have be-
longed to any of the three species in this genus. U.
brasiliensis was not found in the burned sites, indi-
cating its probable sensitivity to this practice (at least
in short time-frames).

The greater abundance of exotic earthworms
in the NF may be due to the preference of A. corticis
for the richer soil in this forest and less disturbance
in this site. The species may have invaded the region
and the Park’s forests when roads and trails were built
to harvest Araucaria trees before the middle of the 20th

century. Many exotic plant species brought from Eu-
rope and other areas were planted throughout the Cam-
pos do Jordão region, and this species may have come
in the potted soil of these plants. Furthermore, the soil
used to grow seedlings for reforestation often contain
Amynthas spp. and other exotic earthworm species (G.
Brown, personal communication).

Kalisz & Dotson (1989) demonstrated that for-
ests previously disturbed by timber or agricultural ex-
ploitation showed greater abundance of exotic earth-
worm species, while native earthworms predominated
in undisturbed forests. Likewise, anthropic interven-
tion favored the invasion by exotic earthworm species
in areas where they did not exist (Gundale et al., 2005).
Invasion by exotic species is not only due to human
activities, but also to their rapid dispersal (especially
on the soil surface) and ecological plasticity, enabling
these worms to colonize many different kinds of habi-
tats, even the less favorable ones.

Little is known of the potential impacts, posi-
tive and/or negative, of these exotic species on the
Araucaria forest ecosystem, its soil processes and
biodiversity. Amynthas spp. invasion is known to have
significant impacts on soil carbon losses, N mineral-
ization and microbial communities (Burtelow et al.,
1998; Li et al., 2002; Bohlen et al., 2004). Futher work
is necessary on this topic, especially considering the
extent of exotic earthworm distribution and invasions
in Brazilian soils (Brown et al., 2006).

Therefore, although NF was little disturbed,
the presence of exotic species in this forest fragment

Figure 1 - Abundance (Log of the number of earthworms m-2) of each species of earthworms collected by Formol (0.5%), small (25 × 25
cm) (TSBF) and large monolith (40 × 40 cm) methods, combining results from the four sample sites with Araucaria in August
2005, Campos do Jordão, SP, Brazil. Values shown are means of five replicates from each site. Means followed by the same
letters within each column do not differ (P < 0.05) by the LSD test. SD = Standard deviation. Amynthas
corticis (SD: 0.52); Glossoscolex spp. = (imatures) (SD: 0.23); Glossoscolex sp.1 (SD: 0.63); Glossoscolex sp.2 (SD: 0.01);
Glossoscolex bondari (SD: 0.14); Urobenus brasiliensis (SD: 0.02); Total biomass = Log biomass total fresh weight (g m-2,
SD: 0.51).
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demonstrates an important past (and present) distur-
bance in the NF area caused by human and earth-
worm-induced modifications in this native environ-
ment. The extent of invasion of native Araucaria for-
ests by exotic species still remains unknown. Public
policies must be developed and strengthened, and more
suitable management and conservation practices must
be employed to avoid such invasions in native Brazil-
ian forests.

Cluster analysis
Figures 2A and 2B show the dendrograms ob-

tained by cluster analysis with the Formol method,
where numbers on the vertical axis represent the Eu-
clidean distance rescaled from 0 to 120, and the hori-
zontal axis shows the study sites (Figure 2A) and the
most important species that generated the clusters
(Figure 2B). A smaller linkage distance and greater
similarity was verified between R and NPF by the
Formol method, forming a cluster that was separated

from the other sites, especially NF (Figure 2A). This
site showed a greater linkage distance (was isolated
from the other three areas), related to the abundance
and effectiveness of the collection method. Formol was
very effective in extracting A. corticis, which was
separated from the other species by the cluster analy-
sis (Figure 2B). All the remaining species were very
similar among themselves and showed smaller linkage
distances.

When the TSBF method was used in order to
verify the similarity between sample sites (Figure 3A),
the result was similar to that obtained with the form-
aldehyde. Furthermore, A. corticis was again isolated
from the other species (Figure 3B). However, with the
larger monoliths, the internal arrangement of sites (Fig-
ure 4A) was different: NF and R formed a separate
cluster from the other two areas where accidental fires
had occurred (NPF and RF). Furthermore, the spe-
cies Glossoscolex sp.1 was isolated from the other

Figure 2 - Dendrograms obtained by cluster analysis,
discriminating by “Euclidean Distance” the four
sample sites (A) and the earthworm species present
(B), sampled using the Formol (0.5%) method.
Samples were taken in a natural forest (NF),
introduced forest (R), forest impacted-by-fire (RF)
and native grass pasture with native Araucaria trees
submitted to an intense accidental fire in September
2004 (NPF). Campos do Jordão, SP, August 2005.

Figure 3 - Dendrograms obtained by cluster analysis,
discriminating by “Euclidean Distance” the four
sample sites (A) and the earthworm species present
(B), sampled using the small (25 × 25 cm) monolith
(TSBF) method. Samples were taken in a natural
forest (NF), introduced forest (R), forest impacted-
by-fire (RF) and native grass pasture with native
Araucaria trees submitted to an intense accidental
fire in September 2004 (NPF). Campos do Jordão,
SP, August 2005.
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earthworm species, due to the greater abundance of
this species extracted by this method (Figure 1 and
Table 2). Therefore, the cluster analyses established
differences between the sample methods in terms of
earthworm species and sample site grouping, reinforc-
ing the importance of this tool for discriminating treat-
ment effects and their impacts on earthworm commu-
nities.
Principal components analysis (PCA)

The result of the PCA for the Formol method
showed a polarization of A. corticis abundance and to-
tal earthworm biomass with that of the remaining spe-
cies (Figure 5A). Axis 1 and 2 explain 37%
and 33% of total data variability, respectively. Differ-
ently from the cluster analysis, a similarity was ob-
served between RF and NF, as both sites had greater
proportions of A. corticis. The other earthworm spe-
cies did not show any association and contributed very
little to separate the sample sites (Figure 5A).

For the TSBF method (25 × 25 cm), RF and
NF were opposed to each other and A. corticis was
associated only to NF (Figure 5B). However,
this method was not as effective as the other
methods in separating the sites: Axis 1 and 2 explain
only 11% and 10%, respectively, of the total data
variance. The larger monoliths were more effective
than the TSBF method in separating the sites: Axis 1
and 2 explain 42% and 8% of the data variation, re-
spectively. NPF and RF showed a strong association
with Glossoscolex sp.1 (Figure 5C), indicating the pos-
sible greater resistance of this species to accidental
fires.

Therefore, in order to properly characterize
earthworm abundance, biomass and species compo-

sition in Araucaria forests, a combination of methods
including both Formol and larger handsorted soil mono-
liths should be employed, thus ensuring a rapid col-
lection of surface-active (A. corticis, U. brasiliensis)
and within-soil (endogeic) species (mainly Glossoscolex
spp.). These results confirm those of Caballero (1976),
who concluded that the best monolith size to evaluate
earthworm abundance measured 60 × 60 cm, to a
depth of 0.5-0.6 m, and that smaller (30 × 30 cm)

Figure 5 - Relation between dimensions 1 and 2 of the principal
component analysis (PCA), discriminating sample
sites (�) and earthworm species (�), collected using
(A) the Formol 0.5%, (B) small (25 × 25 cm) (TSBF)
and (C) large (40 × 40 cm) monolith methods. Samples
were taken in a natural forest (NF), introduced forest
(R), forest impacted-by-fire (RF) and native grass
pasture with native Araucaria trees submitted to an
intense accidental fire (NPF). Campos do Jordão, SP,
August 2005. Biomass: Biomass total fresh weight
(g m-2).

Figure 4 - Dendrogram obtained by cluster analysis, discriminating
by “Euclidean Distance” the four sample sites using
the large (40 × 40 cm) monolith (TSBF) earthworm
collection method. Samples were taken in a natural
forest (NF), introduced forest (R), forest impacted-
by-fire (RF) and native grass pasture with native
Araucaria trees submitted to an intense accidental fire
in September 2004 (NPF). Campos do Jordão, SP,
August 2005.
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monoliths were inadequate for this purpose. This is
likely because of the relatively large (9 - 44 cm) earth-
worms present at her sample sites in northwestern São
Paulo state.

CONCLUSIONS

Earthworm biomass, abundance and diversity
were sensitive indicators of human interventions in
Araucaria forests. However, the type and effectiveness
of the collection methods, number of samples per site,
and manner by which data are analyzed statistically must
be considered carefully in studies of human impacts on
earthworm communities in Brazilian forests. The fol-
lowing additional conclusions can be made from this
study: (i) Density, diversity and biomass of earthworms
collected in Araucaria forests were affected by natural
and anthropogenic disturbance, and by the sampling
method used; (ii) The dilute Formol method was more
effective in collecting A. corticis and in assessing total
earthworm biomass, while the handsorting of soil mono-
liths was more effective in capturing various
Glossoscolex species; (iii) In order to properly charac-
terize earthworm abundance and biomass in forest sys-
tems that have undergone anthropic pressure, both the
Formol and large (40 × 40 cm) monolith methods should
be employed, to ensure rapid collection of surface-ac-
tive species (Amynthas, Urobenus) and those living in
the soil (Glossoscolex spp.).
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