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Abstract

Rhinodrilus alatus is an endemic giant earthworm of the Brazilian Cerrado hotspot used as live bait for about 80 years.
The goal of this study was to gather ecological data about this species, which will support the establishment of manage-
ment strategies. The life history, distribution and abundance of R. alatus were investigated in Cerrado, pastures and Eu-
calyptus plantation areas following the harvesting activities of the local extractors of this species. We found that this
earthworm is abundant in all of the sampled areas, showing its resilience to land-use conversion. The Capture Per Unit
Effort was 4.4 £ 5 individuals per 100 metres of transect and 5.6 £ 3 individuals per hour. The earthworm’s annual cy-
cle is markedly seasonal, with an aestivation period throughout the driest and coldest season of the year. Significant
differences in the length and diameter of the body and in the diameter and depth of the aestivation chambers were found
between the juveniles and adults. The distribution range of the species was expanded from two to 17 counties. The life
history, abundance, distribution and resilience of R. alatus to certain perturbations are key elements to be considered in
conservation and management strategies for this species.

Keywords: adaptive strategies, Cerrado, life history, Oligochaeta, conservation biology.

Historia de vida, distribuicio e abundancia do minhocuc¢u Rhinodrilus alatus RIGHI
1971: implicagdes para sua conservacio e manejo

Resumo

Rhinodrilus alatus ¢ um minhocugu endémico do hotspot Cerrado, utilizado como isca viva por cerca de 80 anos. O
objetivo deste estudo foi obter informagdes ecoldgicas sobre essa espécie, as quais servirdo para o estabelecimento de
estratégias para seu manejo. A historia de vida, a distribuicao e a abundancia de R. alatus foram investigados em areas
de Cerrado, pastagens e plantagdes de Eucalyptus, acompanhando sua extragdo pela comunidade local. Rhinodrilus
alatus foi abundante em todas as areas amostradas, mostrando-se resiliente a conversdo do Cerrado em outros usos. A
Captura por Unidade de Esforgo foi de 4.4 £ 5 individuos por 100 metros de transecto e 5.6 £ 3 individuos por hora. O
ciclo anual do minhocugu é marcadamente sazonal, apresentando estivacdo no periodo mais frio e seco do ano. Jovens
¢ adultos diferiram significativamente no comprimento e didmetro do corpo ¢ no didmetro e profundidade da cdmara de
estivagdo. A distribui¢do da espécie foi expandida de dois para 17 municipios. A histéria de vida, a abundancia, a
distribuicao e resiliéncia de R. alatus por certos disturbios sao elementos chave a serem considerados nas estratégias de
conservagdo ¢ manejo dessa espécie.

Palavras-chave: estratégias adaptativas, Cerrado, histéria de vida, Oligochaeta, biologia da conservagao.

1. Introduction (85% native and 15% exotic) are found in Brazil.

Approximately 960 species of terrestrial Oligochae- However, given the current research gaps, ecosystem di-

ta, 93% of which are native species, are known in Latin ~ Versity, climatic conditions and size of the country, the
America (Fragoso and Brown, 2007). In all, 305 species  total number of species is estimated at more than 1,400
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(Brown and James, 2007). Despite the recognised impor-
tance of earthworms for the maintenance of ecological
processes and ecosystem services, the small number of
specialists working with this group, primarily taxono-
mists, is a factor that contributes to the lack of knowledge
about the biology and ecology of earthworms (Brown
and James, 2006; Brown and James, 2007).

Giant earthworms inhabit all continents. In Brazil, 51
of the 53 giant species belong to the Glossoscolecidae
family, primarily in the genera Rhinodrilus and Glos-
soscolex (Brown and James, 2007), and only five of the
53 species reach more than one metre in length (James
and Brown, 2006). Although giant earthworms can be
found in all of the biomes of Brazil, most of the largest
species are found only in areas of native vegetation in the
Atlantic Forest biome (James and Brown, 2006).

The Cerrado biome encompasses 20% of the territory
of Brazil (Mittermeier et al., 2004) and has the richest
flora among the world’s savannas and high levels of
endemism (Klink and Machado, 2005). The endemic
species Rhinodrilus alatus RIGHI 1971 is one of the 54
species of earthworms known to inhabit the Cerrado
(Brown and James, 2007). The species has been used as
bait by sport fishermen since the 1930s (Drumond et al.,
2008). However, despite the almost secular human use of
the species and its established taxonomic status (the spe-
cies was described 40 years ago), there is little informa-
tion about its biology and ecology (e.g. Righi, 1971;
Hofling, 1980; Righi and De Maria, 1998; Brown and
James, 2007; Drumond et al., 2008).

Considering its long history of extraction from the
habitat to supply the demands of fishermen, R. alatus ap-
pears to be resilient to the present high levels of exploita-
tion and habitat losses. Although thousands of R. alatus
individuals are extracted every year in the region, the
supply of giant earthworms to be used as bait has always
met the demand (Drumond, 2008; Drumond et al., 2008).

This study aimed to provide information about the
life history, abundance and distribution of R. alatus and
also to assess how these data could assist the conserva-
tion and management of the species.

2. Material and Methods

2.1. Study area

This study was conducted in 17 municipalities of the
central region of the Cerrado hotspot in Minas Gerais
state (N 17.600141, S 19.613570; E 43.736822,
W 45.361379) (see Figure 1, Table 1). Different vegeta-
tion types occur in the study area, including trees and
shrub savannas (Cerrado strictu sensu) and occasional
patches of a closed-canopy forest called Cerraddo. Na-
tive vegetation covers 46% of the studied region. Exotic
Eucalyptus spp. monocultures represent 9% of the re-
gion’s cover, and other plantations, such as Brachiaria
spp. pastures, cover the remainder (Scolforo et al., 20006).

Although the Cerrado receives abundant rainfall (av-
erage of 1,500 mm/year), it is concentrated in a period of
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Figure 1 - Study area located in the Cerrado biome, in the
central region of the state of Minas Gerais, Brazil
(N 17.600141, S 19.613570; W 45.361379, E 43.736822).

six to seven months between October and March, primar-
ily during the spring and summer. The autumn and winter
are characterised by a pronounced dry season (Klink and
Machado, 2005).

2.2. Sampling and biometry

A total of 839 earthworms were extracted directly
from the soil with the aid of a short-handled grub hoe.
Fifty five earthworms were extracted during the rainy
season and 784 during the dry season, from April 2006 to
July 2011.

Adults and juveniles were collected from Cerrado
(n = 376), Cerradao (n = 210), Brachiaria spp. pastures
(n=192) and Eucalyptus spp. plantations (n = 61). The
body length and diameter were measured with a tape and
a pachymetre, respectively, immediately after the re-
moval of the earthworms, while its body was relaxed (not
contracted or distended). The diameters of the aestivation
chambers and subterranean galleries were also measured
when present. Four cocoons and their chambers were
measured with a pachymetre and a tape.

2.3. Abundance

The abundance of the giant earthworms was esti-
mated using the Capture Per Unit Effort (CPUE = num-
ber of individuals/person/hr or number of individu-
als/person/metres) calculated from the data obtained in
the field by following the harvesting activities of the local
extractors during the dry seasons of 2006, 2007,2010 and
2011. We followed 16 different extractors in eight coun-
ties along 27 transects for a total of 21.49 km and 96
working hours. All of the transects were plotted and
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Table 1 - Number of individuals of Rhinodrilus alatus collected and number of soil samples by municipality and vegetation

type of the state of Minas Gerais.

Municipality Vegetation type ~ Number of individuals Number of localities Number of soil samples
Aracai Cerrado 7 2 -
Baldim Cerrado 2 1 -
Caetandpolis Brachiaria spp. 65 2 -
Caetandpolis Cerrado 10 1 -
Cordisburgo Eucalyptus spp. 1 1 -
Cordisburgo Brachiaria spp. 23 2 -
Cordisburgo Cerradao 27 1 3
Cordisburgo Cerrado 14 1 -
Corinto Cerradao 33 1 -
Corinto Cerrado 5 1 -
Corinto Cerrado 3 1 -
Curvelo Cerrado 96 8 3
Curvelo Cerradao 26 2 15
Curvelo Cerrado 1 -
Felixlandia Cerrado 4 1 -
Felixlandia Cerradao 1 1 3
Inhatima Cerrado 6 1 -
Lassance Cerrado 1 1 -
Maravilhas Cerradao 19 1 6
Morro da Garga Cerradao 31 1 9
Papagaios Cerrado 31 2 3
Paraopeba Cerradao 62 3 3
Paraopeba Eucalyptus spp. 46 1 6
Paraopeba Cerrado 151 3 3
Paraopeba Brachiaria spp. 104 2 6
Pompéu Cerrado 28 3 6
Prudente de Moraes Cerradao 4 1 -
Sete Lagoas Cerrado 6 1 -
Trés Marias Eucalyptus spp. 14 1 12
Trés Marias Cerradao 7 1 -
Trés Marias Cerrado 6 1 -
Total 839 51 78

georeferenced. The allocation of transects was defined
by the extractors based on the observation of castings and
galleries. These observations indicated the presence of
earthworms in aestivation chambers. The number of indi-
viduals extracted, the distance traveled and the time spent
on each transect by the extractor were recorded to obtain
the CPUE. In addition, 12 plots, each 100 m?, were de-
fined in areas of Cerrado (n = 8 plots) and in surrounding
pastures (n = 4 plots) in Paraopeba. In these plots, an ef-
fort was made to collect all of the individuals present in
the area.

Braz. J. Biol., 2013, vol. 73, no. 4, p. 699-708

2.4. Soil analyses

Soil analyses were performed in order to relate tex-
tural and chemical characteristics with the sites of occur-
rence and the life history of R. alatus. Sites without R.
alatus were not sampled once all the following harvest-
ing activities had success in capture by the extractors. In
2006 we collected 78 soil samples next to the aestivation
chambers of 26 earthworms (three different samples per
individual) from 17 locations in nine of the 17 study mu-
nicipalities (see Table 1). The samples were analysed for
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Table 2 - Body length, body diameter, chamber diameter and chamber depth of adult and juvenile Rhinodrilus alatus.

Parametre Mean Number of Standard Minimum Maximum
individuals deviation

Sexual maturity® J A J A J A J A J A

Body length (cm)** 432 69.4 282 431 +151 =+187 4.9 24.0 87 129

Body diameter (cm)* 0.77 1.29 66 115 +0.19 +0.21 0.5 0.90 1.20 1.90

Chamber diameter (cm)*** 4.20 591 249 374 +095 +097 2.0 3.0 7.0 9.0

Chamber depth (cm)* 24.9 26.6 257 374 +62 £7.0 11.5 2.0 53 50.0

* Sexual maturity level: J = Juvenile; A = Adult. * p<0.01. ** p<0.001. *** p < 0.0001.

pH, phosphorus, potassium, calcium, magnesium, ex-
changeable aluminum and organic matter content. The
texture class of the soil was determined by its clay, silt
and sand composition according to Curi e al. (2007). The
soil analyses were performed at EMBRAPA SOJA (Em-
presa Brasileira de Pesquisa Agropecuaria) soil labora-
tory according to the method described in EMBRAPA
(1997).

2.5. Statistical analyses

Logistic regression and a t-test were used to test the
relationship between these variables and sexual maturity.
A t-test with separate variances was used in those cases in
which the assumptions of the standard t-test had not been
satisfied. A Pearson chi-squared test was used to com-
pare the sampling of adults and juveniles in the different
vegetation types. Statistica version 8.0 (StatSoft Inc.,
Tulsa, USA) was used for the statistical analyses, and
p < 0.05 was considered significant.

3. Results

The giant earthworms are found to be 58.4 +21.1 cm
long, but we found an individual approximately 130 cm
long; only 10 juveniles shorter than 20 cm were sampled.

The earthworms are 1.1 £0.31 cm in diameter, the largest
approximately 2 cm in diameter (see Table 2). Individ-
uals measuring between 21 and 80 cm in length were the
most common (85%), although some individuals reach
more than one metre (see Figure 2). The mean body
length of adults was 69.4 cm £ 18.7 and the mean body
length of juveniles was 43.3 + 15.1 (see Table 3). The
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Figure 2 - Population structure of the giant earthworm
Rhinodrilus alatus relative to the body length (n = 808).

Table 3 - Abundance and frequency of juveniles and adults of Rhinodrilus alatus extracted in different vegetation types.

Vegetation types Sexual Number of  Frequency (per Mean Standard Total
maturity individuals environment) deviation

Cerrado Juveniles 138 44.09% 32 +3.3 313
Adults 175 55.91% 3.8 +3.1

Cerradiao Juveniles 66 36.87% 3.6 +6.3 179
Adults 113 63.13% 6.3 +4.9

Eucalyptus spp. Juveniles 16 31.37% 23 +2.0 51
Adults 35 68.63% 5.0 +4.4

Brachiaria spp. Juveniles 61 36.53% 3.1 +4.2 167
Adults 106 63.47% 5.8 +5.0

Total Juveniles 281 39.58% 32 +4.2 710
Adults 429 60.42% 4.9 +4.2
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specimens greater than one metre long have a 100%
probability of being adults (chi’ = 324.36, df = 1,
p <0.0001, n="713) (as shown in Figure 3). The lengths
of the juveniles and the adults differ significantly
(t-value = 20.59, df = 676.9, p-value < 0.001), as do the
diameters (t-value = 16.84, df = 151.1, p-value < 0.01)
(see Table 2).

Therefore, the body size and diameter are parameters
that reflect the level of sexual maturity (chi® = 161.28,
p <0.0001, n=181) according to the following equation
(see Figure 3):

2 72(712,7()l+ 0.051108x+10.1614y)

= 1+ 272(712.761+ 0.051108x+10.1614y)

where F’ = probability of finding adults, x = body length
(cm) and y = diameter (cm).

3.1. The annual cycle

The annual cycle of R. alatus is markedly seasonal.
The reproductive and foraging phases occur during the
rainiest and hottest seasons (spring and summer). During
the summer months of January and February, R. alatus
builds two subterranean galleries and an aestivation
chamber. One of these galleries can be obstructed by the
last feces produced before the aestivation phase and the
second gallery is used by the earthworm to exit the cham-
ber and reach the soil surface (for more details see
Drumond et al., 2008). The subterranean galleries are 1.2
+ 0.2 cm in diameter (maximum = 2.0 and mini-
mum = 0.4 cm, n = 702).

Each worm remains coiled inside its aestivation
chamber throughout the driest and coldest seasons (au-
tumn and winter). The aestivation chambers are
5.15 £ 1.3 cm in diameter and are located 25.8 £ 6.8 cm
below the soil surface, but the depth ranges from 2 cm to
53 em (n = 737) (see Figure 4).

Rnmew et

Figure 3 - Sexual maturity curve for the giant earthworm
Rhinodrilus alatus as a function of the body length and di-
ameter (n = 181).
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Figure 4 - Depth (in cm) of the aestivation chambers of the
giant earthworm Rhinodrilus alatus (n = 737).

If the subterranean gallery is 1.8 cm or wider in diam-
eter, the probability of finding an adult inside the aestiva-
tion chamber is 100% (chi2 =266.37, df =1, p <0.0001,
n = 605).

There is a slight but significant difference (t-value =
21.61, df =621, p <0.0001) between the depth values of
chambers with adult worms and chambers with juveniles
(see Figure 4 and Table 1). Similarly, there is a small but
significant difference (t-value = 3.17, df =593, p <0.01)
between the diameter values of the aestivation chambers
for these groups (see Table 2).

The chamber has a smooth internal surface; during
aestivation, R. alatus produces a protein silk cover
around itself and the aestivation chamber that retains
moisture. At the end of the aestivation period, mature in-
dividuals prepare for reproduction and the glands associ-
ated with the clitellum increase in volume and are
projected laterally. According to the common knowledge
coming from the extractors, these sexual characters re-
gress when reproductive period ends.

At the beginning of the rainy season, the giant earth-
worms leave their aestivation chambers to feed and re-
produce. The trail lengths left by the giant earthworms
indicate that they can cover long distances on the ground
surface, although this characteristic was not measured in
the present study (for more details see Drumond et al.,
2008). Mating was only observed in September (n = 16).
During the reproductive period, the ventral surface of the
bodies becomes rougher due to the texture of the bristles.
The clitellum of a fertilised earthworm excretes the mu-
cus used to produce the cocoons. The cocoon is difficult
to locate because it is isolated inside a circular subterra-
nean chamber, which measures 4.3 + 5.1 cm in diameter
(n = 3). We observed only two individuals per cocoon
(n=4 cocoons). The new young measure 13.1+ 1.1 cmin
length (n = 6).

After mating, R. alatus builds a U-shaped subterra-
nean gallery. The earthworms forage on one side of this
gallery and leave tower-like casts on the opposite side of
the gallery on the soil surface. From October to March,
especially in the first months of this period, the giant
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carthworms are prone to autotomy, losing their caudal
portions when handled; scarring is instantaneous.

3.2. Characteristics of the occurrence and distribution
areas of Rhinodrilus alatus

Rhinodrilus alatus occurs in all of the different vege-
tation physiognomies of the Cerrado biome and in pas-
tures and Eucalyptus fields in at least 17 districts of the
Sdo Francisco River Basin, covering an area of
20,296.91 km® (N 17.600141, S 19.613570; E
43.736822, W 45.361379). The species was recorded in
all areas where we followed the local extractors’ harvest-
ing activities. We did not research in areas converted to
agriculture because the extractors do not visit them, since
they recognise R. alatus could not occur in these areas.

The soils next to the R. alatus chambers are primarily
clayey and silty clays, very acidic (pH 4.70 £ 0.19) and
distrofic (V% = 11.82 £ 8.35) according to EMBRAPA
(2006) and Tan (2003) (seeTable 4).

3.3. Abundance

The extractors collected 4.4 £ 5 earthworms in
100 metres of transect and 5.6 * 3 individuals per hour.
The number of adults collected by the extractors was
greater than the number of juveniles, regardless of
whether the extraction occurred in the Cerrado, Cer-
raddo, Brachiaria spp. or Eucalyptus spp. (chi* = 5.30,
df =3, p>0.05) (see Table 3).

In the 12 study plots (1,200 m?), 198 individuals were
captured, with a mean of 16.5 + 13.2 individuals/plot
100 m* (minimum = 2, maximum = 44) (see Table 5).
The plots located in the Cerrado had 13.4 £ 14.6 individu-
als/100 m> (minimum = 2, maximum = 44, n = 8§),

whereas the pastures contained 22.8 + 7.5 individu-
als/100 m* (minimum = 18, maximum = 44, n = 4). The
number of individuals in the Cerrado plots does not differ
from the number of individuals collected in the pastures
plots (t=1.19, df = 10, p > 0.05).

4. Discussion

4.1. Life history

Soil moisture and temperature appear to be important
factors in the aestivation process of R. alatus, as in most
species of terrestrial Oligochaeta (Jiménez et al., 2000),
although different species have different adaptive re-
sponses to environmental conditions (Lee, 1985; Ed-
wards and Bolen, 1996; Diaz Cosin et al., 2006). For
example, all of the species in a Colombian savanna re-
main inactive during the dry season, as is the case for R.
alatus; however, certain species of the genera Andio-
drilus and Andiorrhinus remain inactive at depths of al-
most 60 cm but do not build aestivation chambers and
sustain high mortality (Jiménez et al., 2000). In contrast,
the Colombian earthworm Glossodrilus n. sp. has a simi-
lar strategy to that of R. alatus, burrowing to depths of ap-
proximately 50 cm and building an aestivation chamber
covered with mucus secreted by its tegument (Jiménez et
al., 2000; Jiménez et al., 2007). The strategy of the giant
Colombian earthworm Martiodrilus carimaguensis 1is
also similar to that of R. alatus. M. carimaguensis builds
a chamber at a depth of 60-110 cm where it remains dur-
ing the dry season (Jiménez et al., 1998). This species
also empties its gut contents and seals the chamber’s en-
trances with feces to avoid moisture loss and maintain a
moist environment that is vital to support a minimum res-

Table 4 - Mean, minimum and maximum values and standard deviation of chemical and textural characteristics of 78 soil
samples collected next to aestivation chambers of Rhinodrilus alatus in nine municipalities of central region of Minas Gerais

State.

Soil chemical and Mean Standard deviation Minimum Maximum
textural characteristics

pH H20 4.70 0.19 4.30 5.22
M.O g/dm’ 24.48 8.70 7.84 4541

P mg/dm’ 0.84 0.97 0.26 6.92

K cmolc/dm® 0.20 0.16 0.04 1.00
Ca cmolc/dm’ 0.39 0.38 0.08 1.89
Mg cmolc/dm? 0.36 0.37 0.02 1.91
H+Al cmolc/dm® 6.96 1.66 4.08 12.42
S.B. cmolc/dm’ 0.95 0.80 0.19 439
CTC cmolc/dm’ 7.71 1.85 4.20 12.84
V% 11.82 8.35 223 41.43
Clay % 64.63 13.74 18.51 78.96
Silt % 25.68 13.64 72.81 6.95
Sand % 9.69 4.46 2.74 23.56
704 Braz. J. Biol., 2013, vol. 73, no. 5, p. 699-708
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Table 5 - Number of individuals of Rhinodrilus alatus extracted in 12 sites of 100m? in areas of Cerrado and Brachiaria spp.

Municipalitie Sampling plot Vegetation type Location (UTM) Number of individuals

Curvelo 1 Cerrado 534740 7888575 3
2 Cerrado 534716 7888646 4
3 Cerrado 534588 7888569 2
4 Cerrado 534334 7885327 10
5 Cerrado 534208 7885230 3

Paraopeba 6 Cerrado 562410 7869469 44
7 Cerrado 562640 7869620 16
8 Cerrado 562307 7870031 25
9 Brachiaria spp. 553580 7878635 19
10 Brachiaria spp. 553222 7878579 18
11 Brachiaria spp. 553475 7878542 34
12 Brachiaria spp. 552856 7878994 20

piration rate. A Mediterranean species, Hormogaster
elisae, endemic to the Iberian Peninsula and found in a
habitat where there is a strong summer drought, moves
vertically and builds aestivation chambers at a depth of
50 cm in the soil (Valle et al., 1997; Valle et al., 1999;
Dias Cosin et al., 2006).

In Brazil, the activity of Chibui bari is restricted to
six months a year, times when the soil moisture is above
20%; for the rest of the year, this species remains in aesti-
vation at a depth of approximately one metre (Guerra,
1985). Andiorrhinus samuelensis follows the recession
of the groundwater during the dry season, reaching
depths of more than nine metres, but it does not aestivate.
Rather, it enters a lethargic state (Buck and Abe, 1990).
Both of the above species are found in the Amazon
biome. Glossoscolex paulistus, found in Cerrado habitats
of Sdo Paulo state, also builds an aestivation chamber of
50 cm depth (Abe and Buck, 1985).

Reports from the local community inhabiting the
study area indicate additional characteristics not ob-
served in this study but previously described for other
species of giant earthworms. For example, the end of aes-
tivation could be related to the chambers’ depth, with
earthworms in deeper chambers beginning their repro-
ductive phase later than those in shallower chambers.
This characteristic could be linked to an increase in the
soil moisture because water reaches the deeper areas of
the ground only if the rain is relatively constant. This be-
haviour could increase the survival of earthworms that
build deeper chambers in areas where the soil moisture
decreases drastically after a short rainy period.

According to Rodriguez et al. (2007), earthworms
can also migrate to deeper soil layers in the Caribbean.
Thus, these animals could be regarded as good indicator
organisms for the evaluation of the effects of climate
changes. For instance, with an increase in air and soil
temperature it can be expected the aestivation chambers
will be constructed at greater depths. Beyond that, the

Braz. J. Biol., 2013, vol. 73, no. 4, p. 699-708

mortality rate of earthworms inactive in shallower cham-
bers should be higher than those in deeper chambers. The
existence of a historical series with this information can
be useful for evaluating giant earthworms as indicators of
climate changes. However, the effects of these changes
on the majority of species are still unknown.

Brown and James (2007) discuss the difficulties as-
sociated with the captive breeding of giant earthworms.
These difficulties include the low fecundity of adults, the
late occurrence of sexual maturity and the long periods of
incubation required for the cocoons. In addition, giant
earthworms do not adapt well to conditions outside of
their natural habitat. In a non-natural habitat, giant earth-
worms can survive but cannot reproduce. As is the case
for other giant earthworms, the breeding of R. alatus in
captivity has not been successful. We suggest that this
difficulty is primarily due to the requirement of the spe-
cies for large home ranges during the reproductive pe-
riod.

Epigeic earthworms are exposed to continuous pre-
dation during all of their developmental stages, whereas
under natural conditions, endogeic or anecic earthworms,
which build galleries and subterranean chambers and
estivate during part of their life cycle, can exhibit lower
predation rates for both adult and juvenile individuals
(Brown and James, 2007). It is probable that the con-
struction of subterranean galleries by R. alatus is associ-
ated with strategies to cope with hydric stress. These
galleries can also reduce the rates of predation on adults
and juveniles.

Autotomy has been observed in other species of
Oligochaeta (James and Brown, 2006). In Andiorrhinus
caudatus, this phenomenon has been associated with
anoxic conditions, as the species inhabits saturated soil
and can survive 24 hours under water (Ayres and Guerra,
1981). Martin and Johansen (1992) observed autotomy
for Glossoscolex giganteus under laboratory manipula-
tions; as these authors observed that G. giganteus never
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climinates its entire intestinal contents, they proposed
that autotomy could be a mechanism to protect against
the accumulation of large particles in the intestine (Mar-
tin and Johansen, 1992). We believe that autotomy for R.
alatus is an anti-predator strategy to allow the survival of
the individual and its progeny because, by leaving body
parts behind for the predator, the individual can escape,
regenerate and complete its reproductive cycle.

These biological characteristics can contribute to fu-
ture management strategies. However, a management
policy based on the depth of the chamber would not be an
effective way to restrict the capture of giant earthworms
to the adult stage because the differences in the chamber
depths at different stages of maturity are small. Further-
more, despite the small difference in depth, the chambers
of juveniles are slightly more superficial, thus theoreti-
cally increasing the probability that young will be more
easily extracted. To prevent the extraction of juveniles,
the extractors should capture earthworms only if the sub-
terranean gallery is 1.8 cm or wider in diameter; although
this approach is possible, we believe that it would be dif-
ficult in practice.

Although the relation between the species’ biometric
dimensions and sexual maturity is highly important, its
application in management is restrict. For instance, the
minimum body size, a parameter frequently used in con-
servation management programs, is inappropriate to
manage R. alatus since an individual that has been ex-
tracted cannot survive outside its aestivation chamber if
released back into the soil and exposed to conditions of
lower moisture and higher temperature.

The earthworms are very fragile during their repro-
ductive and foraging periods. They are prone to auto-
tomy, die easily and have full intestinal tracts, which
makes them lose commercial value. These characteris-
tics, in combination with the simultaneous occurrence of
the R. alatus breeding season and the period during
which fishing restrictions are imposed due to spawning
(the fish reproductive season), create a decline in the de-
mand for earthworms and contribute to minimize the im-
pact of extraction on population recruitment.

4.2. Characteristics of the occurrence and distribution
areas of Rhinodrilus alatus

The distribution of R. alatus, originally reported in
the scientific literature to be confined to two counties
(Righi, 1971; Hofling, 1980; Righi and De Maria, 1998),
has been extended to 17 municipalities in the Sao Fran-
cisco River Basin. Because most Brazilian earthworms
are found in only a few locations (Brown and James
2007), the distribution of almost 80% of the species may
be restricted. This information indicates a high degree of
endemism and/or a lack of adequate collection represen-
tativeness. In the case of R. alatus, the previous data on
its distribution (Righi, 1971; Hofling, 1980; Righi and De
Maria, 1998) were insufficient to establish its degree of
endemism. We report that the species has a wide distribu-
tion and occurs in different plant physiognomy of Cer-
rado, pastures and Eucalyptus spp. plantations. We have
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not studied no-tillage agroecosystems, once the extrac-
tors do not visit them.

Dystrophic and acid soils are characteristic of the ar-
eas of occurrence of R. alatus, but they do not explain its
distribution because this type of soil occurs widely in
other regions of Minas Gerais State (Curi et al., 2007).
Other giant Glossoscolecidae also occur in savannas with
acid soils, as exemplified by Martiodrilus carimaguensis
(Jiménez et al., 1998).

Soil clay content seems to be important for the spe-
cies’ occurrence, as clay particles create the appropriate
conditions needed for the construction of aestivation
chambers and for their water retention. It is possible that
clay content increases the tolerance of R. alatus to hydric
stress. However, since our information is linked to ex-
traction areas which had the soil characteristics presented
in this study, we could not find any evidence of the spe-
cies’ occurrence in sandy soils.

Due to the characteristics of its annual life cycle,
which closely follows the seasonal precipitation regimes,
it is probable that R. alatus cannot survive in soils typical
of sub-humid areas, such as those found in the north of its
area of occurrence (Carvalho et al., 2007). It is also likely
that the species is not able to live in udic soils that have
fewer than three dry months per year (Curi e al., 2007), a
characteristic of the areas to the south and east of its dis-
tribution range. Furthermore, the high altitude and stone
outcrops characteristic of the Serra do Espinhago moun-
tain range to the east and the long Sao Francisco River to
the west (see Figure 1) may represent physical barriers
that prevented the spread of this species beyond its pres-
ent home range.

The occurrence of R. alatus in pastures (Brachiaria
spp.) and in Eucalyptus spp. plantations shows the resil-
ience of this species to land use change. However, the
process of soil preparation for the establishment and ren-
ovation of pastures, which includes plowing and liming,
could reduce the earthworms’ abundance both by in-
creasing their mortality and by changing the physico-
chemical conditions of the soil. However, because this
practice is not annual and varies according to the proce-
dures of each landowner, its negative effects on the earth-
worm populations can be minimised. This variation in
the practice of soil preparation could explain the abun-
dance of R. alatus in pastures. However, the conversion
of Cerrado areas into cultivated agricultural land could
limit R. alatus populations because agriculture is usually
associated with an increase in soil pH and with the use of
pesticides. The presence of R. alatus populations in no-
tillage agroecosystems has not yet been reported and fur-
ther efforts are needed to assess whether they are able to
survive under these condition.

4.3. Abundance

The data show a high abundance of giant earthworms
in the study area. However, several external factors affect
the measurement of the CPUE or R. alatus abundance.
These factors include the extractors’ ability and the his-
tory of extraction in different areas. The variability asso-
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ciated with these factors is reflected in the large standard
deviations shown in our results. Because of the extraction
illegality and of the non-monitored exploitation, no in-
formation about the extraction frequency exists. There-
fore, it would be risky to make a comparative analysis of
the species’ abundance involving different localities,
vegetation formations or differences between years.

We believe that the extraction method can promote
the removal of more adults than juveniles because the last
castings of juveniles, which indicate to the extractor the
presence of the subterranean chamber, are smaller and
more difficult to find. This feature is important to con-
sider since it contributes to the maintenance of popula-
tions in the different ecosystems where it occurs.

A number of earthworms always remain in the soil
during the extraction process because some areas are not
disturbed by the extractors. Furthermore, the soil re-
moved during digging hides the feces of other earth-
worms, making it difficult to capture all the individuals in
the extraction area. Additionally, in the Cerrado and Eu-
calyptus spp. plantations, individuals aestivating near
tree roots are seldom removed. These factors also con-
tribute to maintain the R. alatus populations, even in fre-
quently exploited areas.

It is not possible to establish quotas for extraction. To
calculate the abundance in a particular area, all of the
individuals need to be removed and the aestivation cham-
bers, which are essential for their survival, are conse-
quently destroyed. Those animals released into the cap-
ture areas, even immediately after the extraction, do not
survive during the dry period.

The species is abundant and has a broad distribution.
These characteristics facilitate the definition of areas
where extraction could be allowed and other areas where
it should be banned.

The species’ life cycle, autotomy, abundance, distri-
bution and resilience to land-use conversion are key ele-
ments in the planning of management strategies. Given
this information, we consider the possibility of establish-
ing use agreements and regulations.

A management plan for the species was elaborated in
alliance with diverse stakeholders, integrating ecologi-
cal, social and economic information. This plan com-
prises guidelines for the management of wild R. alatus
population as well as feasibility of surveying and estab-
lishing captive breeding, protected areas, alternative
sources of income for the local communities and man-
agement plan for other species of giant earthworm. These
species are either commercially sold in Minas Gerais
(Rhinodrilus motocu and a new species of Rhinodrilus)
and, in some occasions, replace the trade of R. alatus.

Among the guidelines directly related to the manage-
ment of R. alatus, the plan includes mandatory rules such
as using the rotation method for extraction areas and
ceasing the extraction of juveniles - avoiding narrow gal-
leries - and in the rainy months, from November to
March. Furthermore, the plan provides the continuous
monitoring of the abundance and maturity of earthworms
extracted and sold in the region and of the actions imple-
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mented. Such comprehensive monitoring aims to incor-
porate the concepts and practices of adaptive manage-
ment, taking into account the complexity and
unpredictability of this socioecological system (Berkes
and Folke, 2000; Koontz and Bodine, 2008). Potential
challenges to long-term sustainability include the interest
of the governmental natural resource in supporting and
maintaining faunal management in Brazil.
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