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Soil biodiversity under threat — a review
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Abstract. Soil organisms provide numerous ecosystem services upon which all life on Earth depends. However,
the soil biota is being placed under increasing threat due to the increase in anthropogenic pressures, such as loss
of soil through erosion, pollution and climate change. There is a lack of informarion on the current levels of
below ground biodiversity and it is difficult, therefore, to quantify the effect that human activities are having on
the soil biota. However, there is evidence that soil biodiversity in many areas is already in decline. The number
of species of mushrooms in the Netherlands has declined by 65% over the last 20 years and an invasive species
of nematode is already dramatically reducing the diversity of earthworm communities in the United Kingdom.
There is evidence of a strong correlation between increasing intensity in land use and reduction in soil biodiversity,
which is in agreement with the results of an expert survey presented in this paper identifying “Human extensive
exploitation” of soils as the greatest threat to soil biodiversity. This loss of biodiversity is likely to result in
a reduction in ecosystem services provided by the biota in a given soil system. Steps need to be taken to quantify
levels of biodiversity, across scales, so that the effects of anthropogenic activities can be quantified and policies
developed to protect this vital resource.
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The requirement for a coherent approach to soil protection is now more accepted within the Euro-
pean Commission. This has lead to the protection of soil being introduced as one of the thematic
strategies to be developed within the European Commission’s 6th Environment Action Program-
me, which was proclaimed in 2002 and is due to run until 2012. This is due to the recognition
that soils are a “fundamental environmental compartment performing vital ecological, social and
economic services” including: filtering and buffering of contaminants in water, providing a pool
of biodiversity, providing a source of raw materials, functioning as a sink for atmospheric carbon
dioxide and providing an archive of cultural heritage.

The Soil Thematic Strategy (COM(2006)231) listed the main threats to soil as:
— Soil erosion

— Decline in organic matter

— Soil contamination

— Salinisation

— Physical degradation (Compaction)

— Soil sealing

— Flood and landslides

While loss of soil biodiversity was not explicitly listed as a threat to soil, it is implicitly accepted
as it is affected by and affects the stated soil threats.
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Soil organisms provide the environment with a number of critically important ecosystem
services including soil formation, decomposition of organic matter, which affect soil fertility and
plant growth, water infiltration and retention and degradation of pollutants, biocontrol of pests
and pollination as the majority of pollinators have an edaphic phase in their life cycles. However,
despite these important functions there is little specific knowledge on the soil biota.

It is generally accepted that soil biodiversity, and indeed biodiversity in general is important
(Costanza et al. 1997, Pimentel et al. 1997, Jeffery et al. 2010). However, quantifying something
as abstract as ‘importance’ is difficult. One approach is to try to quantify the value of biodiver-
sity. Value itself can be divided into several different areas, which can then be applied to soil
biodiversity.

Functional value relates to the natural services provided by soil biota, the associated conserva-
tion of ecosystem structure and integrity, and ultimately the functioning of the planetary system
via connections with the atmosphere and hydrosphere.

Utilitarian (“direct use”) value covers the commercial and subsistence benefits of soil organisms
to humankind for example by affecting crop yields and controlling pest species.

Intrinsic (“non-use”) value comprises the social, aesthetic, cultural and ethical benefits. This
includes the fact that parkland provides soil for trees and plants, which people enjoy.

Bequest (“serependic”) value relates to future, but as yet unknown, value of biodiversity to fu-
ture planetary function or generations of humankind. One of the best examples of this is the fact
that many contemporary antibiotics were derived from soil organisms. As the majority of soil
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Fig. 1. The potential threat weighting of possible threats to soil as quantified by the Soil Biodiversity Expert Workgroup
at the Joint Research Centre of the European Commission, Italy, on 2" March 2009.



microorganisms still have not yet been described, there are still potentially many useful antibiotic
compounds yet to be discovered.

Finally there is the economic value. Several attempts have been made to quantify the economic
value of soil biodiversity. For example, Pimentel et al. (1997) estimated the total value of soil biota
based ecosystem services to be in the range of $1.5 trillion annually. Although this figure is based
on assumptions and so is likely to be more of a ‘ball park figure’ than an accurate representation
of the value of soil biodiversity, it still demonstrates that the economic value of soil biodiversity
is by no means trivial.

The DPSIR framework (Driving Forces-Pressures-State-Impacts-Responses) (Spangenberg 2007)
is used to assess and manage environmental problems, and was more specifically applied to soil
biodiversity by Gardi et al. (2008). “Driving forces” are the socio-economic and socio-cultu-
ral forces driving human activities, which increase or mitigate pressures on the environment.
“Pressures” are the stresses that human activities place on the environment. State, or state of the
environment, is the condition of the environment. “Impacts” are the effects of environmental
degradation and “Responses” refer to the responses of society to environmental situations. When
applied to soil, the DPSIR framework lists the following threats: Climate change; Land use change;
Habitat disruption; Soil organic matter decline; Soil erosion; Soil compaction; Soil sealing; Soil
pollution; Human intensive exploitation; Genetically modified organism “pollution”; Invasive
species; Habitat fragmentation.

A soil biodiversity expert working group was invited to the Joint Research Centre (JRC) of the
European Commission, Ispra, Italy, to advise the commission on areas of soil biodiversity research
thar are particularly pertinent, as well as several other issues. This provided an opportunity to use
questionnaires to try and quantify the opinions of the experts on the relative importance of each of
the threats listed above. Each of the 20 experts was asked to give each threat a weighting between
1 and 10, with 1 meaning virtually no threat and 10 a very severe threat. The weighting given by
the experts for each threat were summed and calculated as a percentage of the maximum score
that each threat could have received (200). This removed any bias that may have been introduced
due to the subjectivity of the threat scale. The results are presented in Fig. 1.

This survey was conducted because it is difficult to assess the threats to soil biodiversity. The
above survey overcomes subjectivity, which is normally introduced owing to people’s individual
backgrounds and area’s of expertise. Current knowledge of the functions of most species, their
ability to respond to environmental pressures, their interactions with other organisms and spatial
distributions throughout the soil matrix is very limited. Current levels of soil biodiversity in most
areas are still unknown and although difficult to quantify what they might be, it is nevertheless
important to assess potential future impacts. Functional redundancy also makes the evaluation of
a given threat’s effects on a soil system difficult to quantify as function may remain, even when
species diversity is reduced.

Although the effects of anthropogenic threats to the soil biota are difficult to quantify, there
is evidence that soil biodiversity is in decline (Jones et al. 2001, 2003). Firstly, while species ex-
tinction is a natural process, indeed evolution requires it, with the natural rate of extinction being
approximately 12 species per year, the world is currently experiencing the “6th Mass Extinction”,
losing 15,000-30,000 species every year. There is no logical reason why soil organisms would
be excluded from this process. While this is circumstantial evidence, other evidence is available.
The records of the numbers of mushroom species in Europe since 1912 show that there has been
a sharp decline in mushroom diversity. For example, a 65% decrease in mushroom species in
The Netherlands has occurred over a 20 year period. The Swiss Federal Environment Office has
published the first-ever “Red List” of mushrooms detailing 937 known species facing possible



extinction in Switzerland (Swissinfo 2007). Invasive plant species, such as garlic mustard (Wolfe
et al. 2008), has caused a decline of arbuscular mycorrhizal fungi (AMF) in many native hard-
wood forests in North America and as many species of trees cannot grow without a symbiotic
relationship with certain soil-based fungi, including AMF, the mass extinction of soil-fungi could
result in a mass extinction of trees in both tropical and temperate regions.

Jones et al. (2003) demonstrate that species richness of termites is negatively affected by land
use intensification (Fig. 2).

The effect of invasive species on above ground biodiversity is widely reported (Simberloff et al.
2000, Jeffery et al. 2010) but their effect on the below ground biota is less well known. However,
probably one of the main threats to earthworms in the UK is the New Zealand flatworm Arthur-
dendyus triangulatus (Dendy, 1895), which is an invasive species. The New Zealand flatworm is
increasing in numbers and extent, and potentially poses a great threat to earthworm diversity in
the UK as a 12% reduction in earthworm populations in some fields in Scotland is reported by
Boag et al. (1999). There have also been associated changes in earthworm community structure
(Jones et al. 2001).

While the controversy over the effects of climate change is still widely reported in the media,
the science is sound and indicates it potentially poses a risk to soil biodiversity (Jeffery et al. 2010).
However, due to the time scales over which climate change occurs, and the usual relatively short
periods of experiments, it is hard to quantify just how much of a threat it is to soil biota. Added to
this, the localized effects of climate change are likely to be very different and in some areas may
increase soil biodiversity so it is difficult to predict the possible effects of climate change. That
said, there is already evidence that it is having and affect on biodiversity. Grabherr et al. (1994)
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Fig. 2. The relationship between termite species richness and land use intensification in Sumatra. From Jones et al. (2003).
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report a vertical displacement of plant species in the Alps with species spreading vertically up the
sides of mountains at a rate of 1-4 m per decade. This is occurring because warmer temperatures
have enabled plant species to spread beyond their previous vertical ranges. As there is an altitu-
dinal gradient in ecological zones, determined by the different climatic conditions prevailing at
the different altitudes, it is likely that those species adapted to living in the coldest conditions may
be displaced by other species moving up from lower altitudes. While this is the case for above
ground species, the well established link between above and below ground diversity makes it
likely that if plant species disappear from the alpine environment owing to climate change, the
associated below ground species will also be lost.

CONCLUSIONS

Soil biodiversity and the ecosystem services that it provides are vital to global functioning. This
is now well accepted by the scientific community. If these services are diminished through the
loss of biodiversity, then this could prove expensive for mankind even assuming it is possible
redress the problem (Pimentel et al. 1997, Costanza et al. 1997). There is, thus, both an ethical
and economical incentive for conserving soil biodiversity. Added to this, when soil biodiversity
is valued taking bequest value into account it becomes clear that loss of soil biodiversity can
potentially result in the loss of medical discoveries, such as new antibiotic agents.

Quantifying threats to soil biodiversity, both the dangers that they pose and the probabilities of
them occurring, is not a trivial matter but important for developing effective policies for maintai-
ning soil biodiversity and protecting it from anthropogenic threats. An accurate quantification of
threats requires an increased understanding of soil biodiversity at all scales, which is currently not
available. Thus, it is likely that species become extinct before they are described. Owing to the
complexity of the below ground system, prediction of the effects of extinction of a given species
is difficult, but potentially very damaging to the system where levels of functional redundancy
are low, especially in the case of keystone species.
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