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A B S T R A C T

Research was conducted to examine the influence of historical cadmium (Cd) contamination and soil properties
on the biomass, diversity and structure of earthworm communities in a subtropical area (Hunan province) of
South China. Fourteen earthworm species were identified across the twelve field sampling sites. Metaphire ca-
lifornica was the most widespread and dominant species. Results showed that both earthworm density and the
Simpson diversity index decreased inversely with increasing soil Cd concentrations. The proportion of adult
earthworms was greater in soils with high levels of Cd contamination. The abundance of earthworms was also
correlated with soil organic carbon and total nitrogen contents. Cd concentrations in M. californica were well
predicted by both the total and available soil Cd concentrations (R2= 0.83, R2= 0.90, p < 0.01, respectively),
and suggested that this species may have particular applications for risk assessment and use in bioremediation.

1. Introduction

Over several decades, the mining, smelting, and other industrial
activities of metal ores has resulted in soil pollution, which is now a
serious problem in many areas across the world. A joint report on the
current status of soil contamination in China issued by the Ministry of
Environmental Protection (MEP) and the Ministry of Land and
Resources (MLR) of China indicates that cadmium (Cd) ranks first
among the metals and metalloids of concern based on the percentage of
soil samples (7.0%) that exceed the limits established by the MEP (MEP
and MLR, 2014). Among the potentially toxic elements that are in-
troduced into the environment, Cd is generally more mobile than other
metals and can cause acute or chronic toxicity to living organisms
(Sparks, 2003; Steinnes and Friedland, 2006; Kirkham, 2006; Smith,
2009; Alguacil et al., 2011; Margesin et al., 2011; Aghababaei et al.,
2014). Recently, the concentrations of metals in soils in some areas of
southern China such as Hunan Province still appear to be increasing.
Minimizing the transfer of contaminants from soil to the food chain has
therefore become a top priority, and numerous studies have been car-
ried out in this area to examine the potential for Cd exposure to the food
chain and methods for remediation of contaminated soils to better as-
sure food safety (Zhao et al., 2015, Williams et al., 2009; Schreck et al.,
2012; Austruy et al., 2013; Liu et al., 2013). However, there have been

relatively few studies focusing on how the earthworm communities
vary with different levels of metal contamination in the field. Such
information is needed as baseline information to evaluate of impact of
metals on the earthworms, which may be used as bioindicators for risk
assessement of soil contaminants.

Earthworms are key members of the soil fauna, and have important
roles in many soil functions (Nahmani et al., 2007), being involved in
nutrient cycling, soil organic matter decomposition, and modification
of soil structure, all of which affect plant productivity (Edwards and
Bohlen, 1996; Butenschoen et al., 2009; Koutika et al., 2001). By in-
corporating organic matter into the soil and soil mixing, earthworms
also influence the distribution and bioavailability of contaminants in
soils (van Gestel et al., 2009). They are increasingly recognized as in-
dicators of soil health and serve as ecotoxicological sentinel species that
are constantly exposed to soil contaminants (Lanno et al., 2004; Suthar
et al., 2008; Pérès et al., 2011; Lévêque et al., 2013).

At present, a large set of ecotoxicological data on contaminated soils
has been collected for diagnosis and evaluation of ecological risks. Most
studies on metal toxicity to earthworms have been carried out using
methods that examine the effects of short-term exposure to high doses
of metals in freshly-spiked soil (OECD, 1984; Depledge and Fossi, 1994;
Martikainen, 1996; Lowe and Butt, 2007; Ramadass et al., 2015;
Asensio et al., 2007; Lijun et al., 2005; Hobbelen et al., 2006; Hankard
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et al., 2004). However, such tests do not accurately reflect the actual
type of exposure or the potential toxicity of metals that occurs in the
field, where soils are instead slowly contaminated over time through
processes involving wet and dry deposition and metal availabilities are
affected by long-term partitioning into different mineral phases and
compartments (Bolan et al., 2014; Li et al., 2014; Nannoni and Protano,
2016). Information gathered from laboratory studies thus might not
comprehensively provide useful information for ecological risk assess-
ment of contaminated soils (Nannoni et al., 2014). Laboratory studies
also ignore the adaptability of organisms to long-term environmental
contamination, and may overestimate the risks of metals to earthworms
where the indigenous communities are comprised of members having
different levels of metal tolerance (ISO 11268-2, 1998; OECD 222,
2004; McBride et al., 2009; Smolders et al., 2009; Spurgeon and
Hopkin, 1995).

To address these concerns, some authors have performed field stu-
dies or have exposed earthworms to field-contaminated soils in the
laboratory (Hobbelen et al., 2006; Nahmani et al., 2009; Pérès et al.,
2011; Lévêque et al., 2013; Nannoni et al., 2014; Beaumelle et al.,
2016). In addition, it is recognized that variations in soil chemical
factors, and the adaptability and tolerance of different earthworm
species also affect earthworm community composition and structure
(Pérès et al., 2011; Vijver et al., 2003; Harmsen, 2007; Peijnenburg
et al., 2007). In field-contaminated areas, sensitive earthworm species
may decrease in abundance or even disappear when they are exposed to
heavily polluted soil, and earthworm community structure tends to
become simplified or unstable. Despite these apparent differences in
metal tolerance, many studies have still used sensitive species for the
assessment of environmental risks, ignoring the advantages of tolerant
species that might dominate contaminated areas. The latter species also
may have the ability to bioaccumulate metals to higher levels, in this
way potentially contributing to their food-chain transfer (Vijver et al.,
2003; Hobbelen et al., 2006; Harmsen, 2007; Peijnenburg et al., 2007).
Therefore, this study was aimed at understanding the variation of
earthworm community composition and metal bioaccumulation in
dominant species in field-contaminated soils, and addresses differences
in earthworm species that are relevant to the use of earthworms for
ecological risk assessment and soil remediation.

The research described here was carried out in Hunan province, a
subtropical area of South China, which has severe metal contamination
due to the historical mining and metal smelting activities. We aimed to
investigate (i) the earthworm community structure, species composi-
tion in different levels of historical contaminated soil; (ii) the impact of
soil properties on earthworm community; (iii) the uptake and accu-
mulation of Cd in the dominant earthworm species. The effects of soil
contaminants on earthworms in field experiments are influenced by
multiple interacting factors. By investigating the earthworm commu-
nity from various perspectives (species composition, density, diversity
and biomass), we hope to achieve a better understanding in the risk of
metals on earthworm communities.

2. Materials and methods

2.1. Location and site descriptions

This study was conducted in the vicinity of the cities of Changsha
(E113°04″30′, N28°02″30′), Zhuzhou (E113°04″42′, N27°54″26′) and
Hengyang (E112°47″29′, N27°00″20′) in Hunan province, south China.
The specific coordinates of the sample locations and site elevations are
shown in Table 1, the elevations of the sites ranged from 59 to 70m.
Before the survey, site selection criteria were defined as: located near
an abandoned industry/factory at distances of 0.5–2 km, similar land
use (agricultural land) with loam-based typical red soil. The general
area has a subtropical monsoon climate, with mean annual tempera-
tures ranging from 16 °C to 19 °C and average annual precipitation
ranging between 1200 and 1700mm. The pollution sources in the study Ta
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