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Abstract

Enchytraeids are small oligochaetes found worldwide in soils with sufficient moisture and organic matter, but scarcely
studied in the Southern hemisphere. This is the third study on enchytraeid abundance in Brazil using wet extraction
and the first carried out in Araucaria Mixed Forest (subtropical region). The sampling and extraction were based on the
standard method ISO 23611-3/2007 using an adapted split soil corer and wet extraction with and without heat to assess
the abundance of enchytraeids in a forest fragment at Embrapa Forestry in Colombo, Parana State. The samplings were
performed in 3 occasions between September 2011 and April 2012. The average numbers estimated by each method
varied from appr. 2.000-12.000 (cold) and 5.000-12.000 ind./ m? (hot), respectively, with a maximum of 44.000 ind./ m?
in one of the samples, the highest value reported so far in Brazil. The hot extraction was more advantageous, given the
speed and preservation of the specimens in vivo, allowing taxonomic identification. Advantages and disadvantages of
wet extractions compared to handsorting and formol methods are also discussed. Guaranidrilus, Hemienchytraeus,
Enchytraeus, Fridericia and Achaeta were the genera identified in the samples.

Keywords: Enchytraeidae, Oligochaeta, extraction methods, Araucaria, subtropical.

Abundincia de enquitreideos na Floresta Ombréfila Mista
determinada por extracdo imida quente e fria

Resumo

Os enquitreideos sdo pequenos oligoquetas encontrados no mundo todo em solos com suficiente umidade e matéria
organica, porém muito pouco estudados no hemisfério Sul. Este € o terceiro estudo sobre a abundéncia de enquitreideos
no Brasil utilizando o método de extragdo imida e o primeiro realizado em Floresta Ombrofila Mista (regido subtropical).
A amostragem e extragdo foram baseadas no método padrao ISO 23611-3/2007, utilizando-se um trado desmontavel
adaptado e extragdo imida com e sem aquecimento para acessar a abundancia de enquitreideo em um fragmento
de floresta na Embrapa Florestas em Colombo, Parana. As amostragens foram realizadas em trés ocasides entre
setembro, 2011 e abril 2012. Os nimeros médios estimados através de cada método variaram de 2.000-12.000 (frio)
e 5.000-12.000 ind./ m? (quente), respectivamente, ¢ 0 maximo de 44.000 ind./ m? em uma das amostras, o mais alto
ja relatado no Brasil. A extragdo quente foi a mais vantajosa, considerando a rapidez e preservagao dos exemplares
in vivo. As vantagens ¢ desvantagens das extragdes imidas comparadas aos métodos de triagem manual e extragio
com formol foram discutidas. Os géneros Guaranidrilus, Hemienchytraeus, Enchytraeus, Fridericia e Achaeta foram
identificados nas amostras.

Palaras-chave: Enchytraeidae, Oligochaeta, métodos de extrag@o, Araucéria, subtropical.
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1. Introduction

Enchytraeids (Annelida, Oligochaeta, Enchytraeidae),
also known as potworms, are small worms of about
2 to 20 mm body length found in soils with sufficient
moisture, organic matter and oxygen, but are also found
in freshwater and marine habitats. They are known to play
important roles in soil processes (Didden, 1993; Laakso
and Setéld, 1999) and has been used as bioindicators of
soil quality (Jansch et al., 2005) and in ecotoxicological
studies (Didden and Rombke, 2001).

Studies on abundance and diversity on enchytraeids, and
other soil fauna in the tropics, are important to understand
their role in maintaining or improving soil fertility through
interaction with the decomposition and nutrient cycling
processes allowing comparisons to temperate regions
(Rémbke, 2007; Alho, 2008). In Europe, enchytraeid
abundance may be high, reaching 300.000 individuals per
square meter as reported by Peachey (1963) in soils rich in
organic matter but, generally, it is reported to range between
5.000 and 143.000 (Didden, 1993) with annual average
of 20.000 to 60.000 according to Jénsch et al. (2005).
In the tropics, data on abundance and diversity as well
as on the usefulness of the enchytraeids in soil biological
classification and in the monitoring of anthropic effects is
practically unknown (Rémbke, 2007; Schmelz et al., 2013).

Soil fauna can be assessed by several methods according to
their body diameter. The macrofauna (body diameter > 2 mm)
is handsorted with the naked eyes from soil monoliths
of 0.25 m? x 0.30 m or bigger (e.g. Baretta et al., 2010).
The mesofauna (body diameter 0.2 to 2 mm) can be extracted
from soil samples of smaller size in dry funnels heated
with a lamp (e.g. Mogo et al., 2005). Another method is
the pitfall traps for invertebrates living on the soil surface
(e.g. Antoniolli et al., 2006). In turn, in formol extraction,
the worms are forced to come to the soil surface because
of the irritating effect of the formalin applied on the soil.
Hansorting and formol extraction are recommended for
earthworm sampling (ISO, 2002). These methods are useful
for ecological studies and for the assessment of biological
quality of the soil, e.g. comparing natural, agricultural
and urban systems. Enchytraeid abundance and diversity,
however, cannot be properly assessed by these methods,
basically because of three reasons: 1) most of these potworms
cannot be seen with the naked eyes in handsorting and
formol extraction, 2) they desiccate easily and die with
dry heat in funnels, and 3) their mobility on soil surface to
fall in a trap is almost null. The critical point, however, is
because enchytraeids have to be identified in vivo under
an optic microscope by observing their internal organs
through the transparent body wall (Schmelz and Collado,
2010; Niva et al., 2010). Therefore, the abovementioned
methods are not adequate, since the organisms undergo a
fixation process which makes them opaque, preventing the
identification. For enchytraeids, a wet method of extraction
is needed to improve their survival and live preservation
and allow more accurate investigation. The original wet
extraction systems for enchytraeids described by Nielsen
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(1952) and O’Connor (1955) were based on the nematode
extraction method which uses plenty of water for the
process. Both methods immerse soil samples in water
inside a funnel and use an incandescent lamp on the top
of the sample. The heat gradient produced by the lamp
induce the worms to move downwards in the sample, so
that they can be collected after a few hours by opening
the valve linked to the inferior extremity of the funnel,
where the water should be colder until the end of the
extraction (as shown in Figure 1). Graefe (1984 apud ISO,
2007; Kobeti¢ova and Schlaghamersky, 2003), however,
adapted the extraction method without the heating by
prolonging the extraction period. Later on, Kobeti¢ova and
Schlaghamersky (2003) and Panchenko (2006) compared
hot and cold extraction, the first observed a higher number
of enchytraeids when cold method was used for 24h, while
the second, obtained only a slightly higher efficiency
with cold method performed for 6 days. Since 2007, the
standardized method ISO 23611-3 (ISO, 2007) describing
the sampling and extraction method for enchytraeids has
been available.

Figure 1. Wet extraction device with heating for
enchytraeids. The soil sample is placed in a plastic sieve
(15 cm diameter) lined with a porous flannel (1) which is
kept submerged in mineral water fulfilling the funnel of
19 cm diameter (2). The lamp of 75V (3) heats the sample
forcing the enchytraeids to move downwards to the water
and fall by gravity into the plastic valve (4) attached to the
funnel outlet by a plastic hose. The enchytraeids are easily
collected by opening the valve after a few hours.
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Rombke et al. (2007) and Rombke and Meller (1999),
in their pioneering studies in South America, evaluated
enchytraeid abundances in Brazil obtaining average
abundances between 1500-3900 individuals per square
meter (ind.m?) in Mata Atlantica soils, Southern region
(Rombke et al., 2007) and 3900-4600 in Amazon (Rombke
and Meller, 1999). In both cases, the recommended
extraction period with the cold method was 3 to 5 days, in
accordance with the guideline ISO 23611-3 (ISO, 2007).
A wet funnel method with heating has also been used for
ecological studies with enchytraeids and, so far, comparison
of methods showed that extraction either with or without
heating can be efficiently used for enchytraeids, each
with only slight differences in the results (Kobeti¢ova and
Schlaghamersky, 2003; Panchenko, 2006). Our experience
with the cold extraction method with soil samples from
Embrapa Florestas, Southern Brazil, was not satisfactory
because of frequent high mortality of the worms.

Although still only scarcely studied, Brazil has the best
known enchytraeid diversity in the Southern Hemisphere
(Schmelz et al., 2013). However, studies on their ecology
using standardized methods and thus, globally comparable
results, are restricted to a couple of publications (Rombke
and Meller, 1999; Rombke et al., 2007) which used the
cold wet extraction. In South America, there are a few
other reports on abundance of enchytraeids, which numbers
were determined by handsorting, but taxonomic groups
were not assessed (Sturm, 1978; Vaculik et al., 2004;
Lopez et al., 2005; Aquino et al., 2008; Manetti et al., 2010).

Therefore, the objective of this study was to compare the
efficiency of cold and hot wet extractions in the abundance
determination of enchytraeids in a fragment of Araucaria
Mixed Forest in Southern Brazil. The efficiency of other
two methods commonly used for bigger oligochaetes
(earthworms), the handsorting of soil monoliths and
formol extraction were also compared. This is the first
time that the size of a local enchytraeid population is
assessed in this type of forest. It is also the first report of
the hot wet extraction for enchytraeids in South America.
The advantages and disadvantages in abundance estimation
of these methods are discussed.

2. Material and Methods
2.1. Study site

The area of study was a permanent parcel of forest
inventory of Araucaria Mixed Forest in an advanced
succession stage at Embrapa Forestry, Parana State,
Southern Brazil. It is characterized by the presence of a
pine tree, Araucaria angustifolia, which dominates the
landscape of the forest. The site is localized at appr. 950 m
of altitude, 25° 18”55.95” S;49° 9° 19.13” W, the climate
is subtropical Cfb, according to Koppen classification.
The average temperature from 2007 to 2012 was 17 °C
(2t0 26 °C), but with sporadic occurrence of temperatures
as high as 34 °C and below-zero (-3 °C) usually with
frost during winter, annual precipitation varied from
1200 to 2400 mm. The soil is a dystrophic haplic cambisol
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(pH 4.1 (CaCl,); 3.3% carbon, 0.3% nitrogen; 50% sand,
44% clay, 6.5% silt).

2.2. Sampling, extraction and counting

According to literature, enchytraeid abundance in
South America has been determined mainly by handsorting
(e.g. Lopezetal., 2005; Vagulik et al., 2004; Aquino et al., 2008),
which is not the standardized recommended method to assess
the population size of this group. The cold wet extraction,
which is internationally recommended (ISO, 2007), has
been used by some authors (Rombke and Meller, 1999;
Rombke et al., 2007), but we found some difficulties with
this method. For this reason, we compared the efficiency of
4 methods to assess enchytraeid population: the cold wet
extraction, the hot wet extraction, based on the original
method (O’Connor’s, 1955) and also the handsorting
and formol extraction, which are recommended for the
earthworms (ISO, 2007).

Soil cores of 5.1 cm of diameter (area 0f 20.427 cm?)
and 7 cm depth were collected with a split soil corer made
of galvanized iron coupled inside with a PVC tube cut in
two halves longitudinally (Niva et al., 2010) (as seen in
Figure 2). Samples were collected at 8 points in duplicates
(one for each extraction type), one beside the other, along two
parallel transects at each sampling occasions in September
(winter-spring) and November, 2011 (spring) and in April,
2012 (autumn), totalizing 48 samples. The sampling
points were about 10-15 meters distant from each other
on transects placed in an area of 1 ha. A distance of about
50 meters was left between the border of the forest and
the sampling area to minimize edge effect.

Cold wet extraction was performed as described in
ISO 23611-3/2007 (ISO, 2007) and Niva et al. (2010)
with mineral water in a room with controlled temperature

Figure 2. Split soil corer made of galvanized iron. (a) Soil
corer showing PVC tube inside; (b) Soil corer and opened
PVC tube with the soil sample. 1) cylinder of galvanized
iron; 2) inferior opening with cutting edge for perforation;
3) superior opening; 4) screw cap of galvanized iron;
5) PVC tube coupled inside the cylinder; 6) two halves of
the PVC tube; 7) soil sample inside the PCV tube.
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(17 £ 2 °C) for 3 days without water renewal during
the process. The device for the hot extraction based on
O’Connor’s method (O’Connor, 1955) was built with
plastic funnels (19 cm diameter) coupled with sieves inside
as seen in Figure 1. A soil sample was placed in the sieve
lined with a flannel and filled with mineral water which
was heated by a lamp (75W) for 3h, water temperature
reaching 45-50 °C at the surface. Cold and hot extractions
were carried out immediately after the sampling. Counting
ofthe enchytraeid worms started soon after extraction and
finished on the following day.

Additionally, 9 monoliths of 0.25 x 0.25 x 0.4 m
were sampled for handsorting, and five liters of formalin
(0.5%) were applied directly on 9 plots of 0.25 m? of the
soil surface in adjacent points of the same area. In both
cases, sampling was carried out only once in August, 2011.

2.3. Taxonomic identification of worms

The enchytraeid worms in good conditions, i.e. alive,
healthy, damaged but with anterior portion intact were
identified to genus level according to guidelines in Schmelz
and Collado (2010) under a light microscope. Only the
worms collected in the last sampling date were identified.
3. Results

The estimated total abundance obtained for winter-spring
sampling in the fragment of Mixed Araucaria forest
(hot and cold extracted together) was 202.667 individuals
per square meter (ind.m?), for spring, 141.475 ind.m?,
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Figure 3. Average abundances of enchytraeids (ind.m?)
(+ standard deviation) estimated by cold and hot extraction
methods (n= 8 at each sampling date). Statistical differences
between sampling dates for cold extraction are shown by
different capital letters and for hot extraction by different
lowercase letters. Asterisk indicates statistical difference
between hot and cold methods (ANOVA, Tukey; p< 0.05).

and for autumn, 61.192 ind.m? (as shown in Figure 3).
The maximum average number of enchytraeid worms was
12.667 ind.m?, either by hot or cold extraction of the first
sampling, and density reached a maximum of44.058 ind.
m? in a single sample. By cold extraction, the samplings
showed successively lower averages, on the other hand, by
hot extraction, abundance decreased only in the autumn.

Abundances as obtained by cold and hot extractions
were statistically different only in spring, but overall, the
hot method generally yielded higher numbers. In contrast,
the abundances determined by formol extraction (5 ind.m?)
and handsorting of monoliths (90 ind.m?) were extremely
low, even compared to the lowest estimation determined
by wet extraction (2.142 ind.m?) in autumn (as shown in
Figure 3).

The coefficient of variation between the samples was
generally lower in hot than in cold extraction (as shown
in Table 1) and all worms resultant of hot extraction had
a healthy appearance, i.e. no amputation or deterioration,
smooth and bright skin. Cold extraction for 3 days without
exchange of water, on the other hand, resulted in 11-26%
of worms damaged drastically reducing the survival in
the subsequent days as well.

The identification of the worms extracted in the third
sampling revealed that the most abundant genus was
Guaranidrilus (34%), followed by Hemienchytraeus (26%),
Enchytraeus (16%), Fridericia (14%), Achaeta (10%).
Based on the variation of morphological characteristics of
these specimens, about 11 different morpho-species were
distinguished, the first genus being the most species-rich,
with 4 species, and the others, 2 species.

4. Discussion

4.1. Enchytraeid extraction method

This is the third study on enchytraeid abundance in Latin
America based on wet extraction and the first to be evaluated
with heating. Opposing to Kobeticova and Schlaghamersky
(2003) and Panchenko (2006), our data suggest a slightly
better efficiency for the hot method. These differences
may be related to the fact that the species composition
in temperate regions, namely Europe, is different from
South America and, consequently, temperature tolerance
may also be different.

1SO 23611 (ISO, 2007) recommends 4-7 days of cold
extraction for soil and 1-2 days for litter. We tested a 3 days
cold extraction because longer periods previously tested
were more deleterious, nevertheless, damaged worms
reached 26%, possibly because of oxygen deficiency or

Table 1. Coefficient of variation (C.V.) of enchytraeid abundance values and proportion of damaged specimens in each

sampling date and extraction method.

Cold extraction
C.V. (%) Damaged (%)

Hot extraction
C.V. (%) Damaged (%)

September 2011 105
November 2011 60
April 2012 60

11 67 0
11 44 0
26 95 0
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because of the neutral pH of water compared to pH 4 of the
natural soil. A prolonged cold extraction can be improved
with the water exchange during the extraction period (ISO,
2007) and maintenance of the extraction unit under a cool
room temperature. However, hot extraction for 3 h has
shown advantages, such as speed and preservation of live
specimens, especially when a cool room is not available.
In any case, hot extraction should be carried out with caution
if room temperature is higher than 25 °C. In that case,
extraction should be shortened because the temperature
gradient cannot be maintained properly (i.e. hot water on
the sample and colder downward to the collector valve,
and worms can die during the process). Another solution
could be the cooling of the bottom of the soil sample.
Furthermore, because the occurrence of fragmenting
species seems to be common in Brazil (Rombke et al., 2007),
the cold extraction could possibly cause overestimation
of the abundance if performed for more than 3 days.
The fragmenting enchytraeids reproduce asexually
splitting their body into several fragments which are able to
regenerate new anterior and posterior portions in a few days
(Christensen, 1964; Myohara etal., 1999; Nivaetal., 2012).
To avoid overestimation it is recommended to count only
the enchytraeids with head, however, a prolonged cold
extraction which gives enough time for a fragmenting worm
to reproduce and regenerate, turns it difficult to distinguish
worms with regenerated head from small intact worms.

4.2. Abundance of enchytraeids in (sub)tropical soils

The results of the two studies on enchytraeid abundance
determined by wet extraction in South America published
so far (Rombke and Meller, 1999; Rombke et al., 2007),
point to low numbers of enchytraeids (< 10.000 ind.
m?) compared to temperate regions in Europe (Rombke,
2007; Schmelz et al., 2013). Jansch et al. (2005) reported
that, in general, numbers in temperate regions in Europe
would range between 20.000-60.000 ind.m?. Didden
(1993), compiling data of many other papers showed
that in grasslands, abundances ranged 1.400-130.000,
and, in forests, 3.800-143.000. In turn, Rombke (2007)
reported that abundance in tropical region ranged between
2.000 and 7.000 ind.m?. The present study estimated an
average density of appr. 12.000 ind.m? among which a single
sample reached appr. 44.000 ind.m? in Mixed Araucaria
Forest (subtropical area), suggesting that densities in South
America may harbor habitats reaching numbers as high
as in Europe if more habitats and biomes are studied, in
agreement with the conclusions stated by Schmelz et al.
(2013). These numbers are comparable to what Dezi et al.
(2013) found in agricultural soils in India (16.000 ind.m?)
and are higher than found by Chan and Heenan (1995)
(2000 ind.m?) in arable lands in Australia.

Further studies included data on enchytraeid abundance
determined by handsorting of soil monoliths in Brazil, such
as Brown et al. (2001) who reported appr. 1400 ind.m? in
a conventional tillage with crop rotation in Parana State
and Aquino et al. (2008) who determined an average
of 1818 ind.m? of enchytraeids in a forest fragment at
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Cerrado biome, in Mato Grosso state, Brazil. In Argentina,
Lopez etal. (2005) reported an abundance of 11.074 ind.m?
in pastures and, Manetti et al. (2010), appr. 750 ind.m? in
no-tillage cropping system. In the present study, handsorting
and formol extraction showed, respectively, abundances
400 and 24 times smaller than the least abundant sampling
date, strongly suggesting that an adequate, preferably
standardized, sampling and extraction method is important
to generate more reliable and globally comparable
abundance estimations. Handsorting of monoliths with the
naked eyes has shown the importance of enchytraeids in
South America in some situations, however, this method
favors the counting of the biggest worms only, and turns
the counting of smaller worms impracticable. Therefore,
handsorting with the naked eyes can underestimate the
abundance of enchytraeids in a given area.

On the other hand, Vagulik et al. (2004) reported
expressive 270.000 ind.m? in samples of a rock savanna
inselberg in French Guiana, where bromeliads grow
on rocks covered by filamentous cyanobacteria. These
authors counted the worms under a stereomicroscope with
a meticulously handsorting humus profiles. In addition,
Sturm (1978) reported the equivalent to 179.500 ind.
m? in Paramo soils at high mountains of 3230 m a.s.l.
in Colombia, as recalculated by Schmelz et al. (2013).
These densities are similar to those obtained in acid soils
of coniferous forests in Europe and peatlands (Didden,
1993), which can reach 300.000 ind.m? (Peachey, 1963).
Despite the accuracy of the numbers presented by these
studies, the handsorting of samples under a microscope
is excessively time-consuming. Therefore, the use of a
standardized method is recommended and, as importantly,
to allow examination of live specimens for taxonomic
identification. As a common practice, handsorting with
the naked eye of soil monoliths and the extraction by
dry funnel, are immediately followed by fixation of the
specimens, which makes taxonomic investigation much
more difficult for enchytraeids.

The decreasing abundances shown by Figure 3 from
the first to the last sampling date may suggest a seasonal
effect on abundance. In fact, soil moisture was 8% lower
in April, when precipitation was lower than in November
of previous year. Enchytraeids need moisture in the
soil, since the epidermis is permeable to water and can
desiccate easily (Dash, 1983; Didden, 1993). Therefore,
lower soil moisture may influence enchytraeid population
negatively, as reported by others (Beylich and Achazi, 1999;
Maraldo et al., 2008). However, more data are required
before a conclusion can be drawn for the present data.

4.3. Diversity of enchytraeids

The diversity of species found in South America is
comparable to temperate regions but species composition is
different (Rombke, 2007). Compared to the diversity found
by Rombke et al. (2007) in a Mata Atlantica area close to the
coast of Parana State, basically the same genera were found,
except for Xetadrilus (= genus X in Rombke et al., 2007),
a genus posteriorly described by Schmelz et al. (2011).
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The genus Guaranidrilus, which is considered a true South
American group, and Hemienchytraeus, a cosmopolitan
group (Schmelz et al., 2013), were dominant in the Mixed
Araucaria Forest. Achaeta, Fridericia and Enchytraeus,
which are commonly found in temperate regions were
also present. In Amazonian forests and Paramo regions
in Colombia, Guaranidrilus was also a dominant genus
(Rombke and Meller, 1999; Rombke, 2007). In Mata
Atlantica, Fridericia was found almost exclusively in
pastures, Enchytraeus was less often in older forests,
while Guaranidrilus tended to be more frequent in primary
forests. In the present study, Guaranidrilus was more
abundant (34%) than Enchytraeus and Fridericia together
(30%), possibly suggesting a good condition of the habitat
function of the soil in the forest studied, however with
some degree of disturbance. The fact that the fragmenting
species Enchytraeus dudichi s.l. Dozsa-Farkas, 1995
was mostly present among the Enchytraeus found in the
samples reinforces the idea of disturbance since it can be
considered as r-strategist (Graefe and Schmelz, 1999).

Naidids are worms commonly found in aquatic
environments, in some cases composing more than 50%
of the Oligochaeta assemblages, such as reported by
Behrend et al. (2009) for investigations in the Upper
Parand River floodplain in Mato Grosso do Sul State.
Interestingly, naidids were also present in some samples of
our study, amounting 1-3% of the total of the wet extracted
oligochaetes. Naidids were also found in Amazon and Mata
Atlantica (Rombke and Meller, 1999; Rombke et al., 2007;
Collado and Schmelz, 2000) and their presence considered
as a possible sign of disturbance (Rémbke et al., 2007).
Most of them probably belong to the genus Pristina,
which is considered an “aquatic” group. It seems that the
occurrence of these asexual small oligochaetes in soil
habitats is common in Brazil (Collado and Schmelz, 2000;
Rombke et al., 2007).

In conclusion, the hot wet extraction was more
advantageous than cold extration, given the speed and
preservation of the specimens in vivo, resulting in a
maximum average of 12.000 ind.m? in a fragment of
Mixed Araucaria Forest and five different enchytraeid
genera, among which Guaranidrilus was the dominant one.
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