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for identifying species when their morphology is of limited
use [15], even if DNA barcoding itself also presents some
limitations (see e.g. Ref. [16] and the section Limitations
and Perspectives below). The following examples illustrate
some situations where DNA barcoding has greatly helped
ecologists.

Nematodes play an important role in ecosystems. They
can contribute to nitrogen mineralization and distribution
of biomass within plants in soil ecosystems [17]. Despite
this important role, their identification is still extremely
challenging. Due to these difficulties, their biodiversity is
greatly underestimated. For example, it is estimated that
global marine nematode species richness exceeds one
million, while only a few thousand of them are described
[18]. For a better assessment of nematode biodiversity,
ecologists studying this group should take the opportunity
to use DNA barcoding in both marine and terrestrial
environments [1,19,20].

In addition, ecologists can take advantage of DNA tools
when only hair, feces or urine left behind by animals are
available for species identification. Such an approach is
now widely used, and is particularly useful for detecting
the presence of elusive or endangered species. For
example, the recent wolf range expansion in France and
Switzerland has been traced back using mainly feces and
hair samples [21]. Another study demonstrated that feces
from the sympatric Amur leopard (Panthera pardus orien-
talis) and Siberian tiger (P. tigris altaica) can be easily
distinguished based onmitochondrial DNA polymorphism,
enabling the possibility to record the respective presence of
these two endangered subspecies in the field [22].

Identifying species through DNA barcoding is also help-
ful for understanding interspecies interactions [23,24]. For
example, the barcoding approach has already shown that
the existence of cryptic species could mask the specializ-
ation of a parasite to a single host. Several morphospecies
of tachinid parasitoid flies thought to be generalist actually
corresponded to many different cryptic species that were
less generalist or even specialist [25,26]. In the same way,
three species of Cerambycidae insects (Palame spp.) feed-
ing on trees of the Lecythidaceae family yielded three new
more specialized cryptic species with different host and
season preferences [27].

Furthermore, DNA barcoding can be advantageous for
monitoring illegal trade in animal byproducts. When such
products are sold, identification through morphological
characteristics might no longer be possible. Sometimes
only hairs are available for species identification, and it
is very difficult or even impossible to visually determine
whether a hair came from an endangered or a legally sold
species. DNA methodology has been successfully imple-
mented to identify Eurasian badger (Meles meles) hairs in
expensive shaving brushes [28] and Tibetan antelope
(Pantholops hodgsonii) in shahtoosh, a luxury shawl
[29]. Many other examples can be found in the food indus-
try (see e.g. Ref. [30]). For instance, scientists using this
technique revealed that 23% of black caviar samples pur-
chased in the USA were labeled with an incorrect species
name, and in some cases the commercial species (Russian
sturgeon, Acipenser gueldenstaedtii) was replaced with an
endangered one (ship sturgeon, A. nudiventris) [31].

In the field of biosecurity, the reliable and fast identi-
fication of exotic species is fundamental. In many cases,
particularly for insects, a pest at the egg or larval stage
might not be recognizable without DNA identification. For
example, stem borer larvae of the genusBusseola occurring
in Ethiopia on sugarcane were identified using COI

Figure 1. Methodology for analyzing biodiversity from environmental samples
based on next-generation DNA sequencers. After collecting environmental
samples in the field, extracting DNA and amplifying with universal primers that
target very short DNA fragments (less than 150 base pairs), hundreds or thousands
of amplified DNA molecules are sequenced using next-generation sequencers
(Box 3). Using a reference DNA database, the taxa these sequences come from are
identified and used to estimate different biodiversity parameters.
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use [15], even if DNA barcoding itself also presents some
limitations (see e.g. Ref. [16] and the section Limitations
and Perspectives below). The following examples illustrate
some situations where DNA barcoding has greatly helped
ecologists.
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this important role, their identification is still extremely
challenging. Due to these difficulties, their biodiversity is
greatly underestimated. For example, it is estimated that
global marine nematode species richness exceeds one
million, while only a few thousand of them are described
[18]. For a better assessment of nematode biodiversity,
ecologists studying this group should take the opportunity
to use DNA barcoding in both marine and terrestrial
environments [1,19,20].

In addition, ecologists can take advantage of DNA tools
when only hair, feces or urine left behind by animals are
available for species identification. Such an approach is
now widely used, and is particularly useful for detecting
the presence of elusive or endangered species. For
example, the recent wolf range expansion in France and
Switzerland has been traced back using mainly feces and
hair samples [21]. Another study demonstrated that feces
from the sympatric Amur leopard (Panthera pardus orien-
talis) and Siberian tiger (P. tigris altaica) can be easily
distinguished based onmitochondrial DNA polymorphism,
enabling the possibility to record the respective presence of
these two endangered subspecies in the field [22].

Identifying species through DNA barcoding is also help-
ful for understanding interspecies interactions [23,24]. For
example, the barcoding approach has already shown that
the existence of cryptic species could mask the specializ-
ation of a parasite to a single host. Several morphospecies
of tachinid parasitoid flies thought to be generalist actually
corresponded to many different cryptic species that were
less generalist or even specialist [25,26]. In the same way,
three species of Cerambycidae insects (Palame spp.) feed-
ing on trees of the Lecythidaceae family yielded three new
more specialized cryptic species with different host and
season preferences [27].

Furthermore, DNA barcoding can be advantageous for
monitoring illegal trade in animal byproducts. When such
products are sold, identification through morphological
characteristics might no longer be possible. Sometimes
only hairs are available for species identification, and it
is very difficult or even impossible to visually determine
whether a hair came from an endangered or a legally sold
species. DNA methodology has been successfully imple-
mented to identify Eurasian badger (Meles meles) hairs in
expensive shaving brushes [28] and Tibetan antelope
(Pantholops hodgsonii) in shahtoosh, a luxury shawl
[29]. Many other examples can be found in the food indus-
try (see e.g. Ref. [30]). For instance, scientists using this
technique revealed that 23% of black caviar samples pur-
chased in the USA were labeled with an incorrect species
name, and in some cases the commercial species (Russian
sturgeon, Acipenser gueldenstaedtii) was replaced with an
endangered one (ship sturgeon, A. nudiventris) [31].

In the field of biosecurity, the reliable and fast identi-
fication of exotic species is fundamental. In many cases,
particularly for insects, a pest at the egg or larval stage
might not be recognizable without DNA identification. For
example, stem borer larvae of the genusBusseola occurring
in Ethiopia on sugarcane were identified using COI

Figure 1. Methodology for analyzing biodiversity from environmental samples
based on next-generation DNA sequencers. After collecting environmental
samples in the field, extracting DNA and amplifying with universal primers that
target very short DNA fragments (less than 150 base pairs), hundreds or thousands
of amplified DNA molecules are sequenced using next-generation sequencers
(Box 3). Using a reference DNA database, the taxa these sequences come from are
identified and used to estimate different biodiversity parameters.

Review Trends in Ecology and Evolution Vol.24 No.2

112

DNA amplifications
with specific primers

DNA detection 
and quantification

Reference:
density

ADN	  environnemental	  (eDNA)	  
détec:on	  d'une	  espèce



for identifying species when their morphology is of limited
use [15], even if DNA barcoding itself also presents some
limitations (see e.g. Ref. [16] and the section Limitations
and Perspectives below). The following examples illustrate
some situations where DNA barcoding has greatly helped
ecologists.

Nematodes play an important role in ecosystems. They
can contribute to nitrogen mineralization and distribution
of biomass within plants in soil ecosystems [17]. Despite
this important role, their identification is still extremely
challenging. Due to these difficulties, their biodiversity is
greatly underestimated. For example, it is estimated that
global marine nematode species richness exceeds one
million, while only a few thousand of them are described
[18]. For a better assessment of nematode biodiversity,
ecologists studying this group should take the opportunity
to use DNA barcoding in both marine and terrestrial
environments [1,19,20].

In addition, ecologists can take advantage of DNA tools
when only hair, feces or urine left behind by animals are
available for species identification. Such an approach is
now widely used, and is particularly useful for detecting
the presence of elusive or endangered species. For
example, the recent wolf range expansion in France and
Switzerland has been traced back using mainly feces and
hair samples [21]. Another study demonstrated that feces
from the sympatric Amur leopard (Panthera pardus orien-
talis) and Siberian tiger (P. tigris altaica) can be easily
distinguished based onmitochondrial DNA polymorphism,
enabling the possibility to record the respective presence of
these two endangered subspecies in the field [22].

Identifying species through DNA barcoding is also help-
ful for understanding interspecies interactions [23,24]. For
example, the barcoding approach has already shown that
the existence of cryptic species could mask the specializ-
ation of a parasite to a single host. Several morphospecies
of tachinid parasitoid flies thought to be generalist actually
corresponded to many different cryptic species that were
less generalist or even specialist [25,26]. In the same way,
three species of Cerambycidae insects (Palame spp.) feed-
ing on trees of the Lecythidaceae family yielded three new
more specialized cryptic species with different host and
season preferences [27].

Furthermore, DNA barcoding can be advantageous for
monitoring illegal trade in animal byproducts. When such
products are sold, identification through morphological
characteristics might no longer be possible. Sometimes
only hairs are available for species identification, and it
is very difficult or even impossible to visually determine
whether a hair came from an endangered or a legally sold
species. DNA methodology has been successfully imple-
mented to identify Eurasian badger (Meles meles) hairs in
expensive shaving brushes [28] and Tibetan antelope
(Pantholops hodgsonii) in shahtoosh, a luxury shawl
[29]. Many other examples can be found in the food indus-
try (see e.g. Ref. [30]). For instance, scientists using this
technique revealed that 23% of black caviar samples pur-
chased in the USA were labeled with an incorrect species
name, and in some cases the commercial species (Russian
sturgeon, Acipenser gueldenstaedtii) was replaced with an
endangered one (ship sturgeon, A. nudiventris) [31].
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fication of exotic species is fundamental. In many cases,
particularly for insects, a pest at the egg or larval stage
might not be recognizable without DNA identification. For
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based on next-generation DNA sequencers. After collecting environmental
samples in the field, extracting DNA and amplifying with universal primers that
target very short DNA fragments (less than 150 base pairs), hundreds or thousands
of amplified DNA molecules are sequenced using next-generation sequencers
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for identifying species when their morphology is of limited
use [15], even if DNA barcoding itself also presents some
limitations (see e.g. Ref. [16] and the section Limitations
and Perspectives below). The following examples illustrate
some situations where DNA barcoding has greatly helped
ecologists.

Nematodes play an important role in ecosystems. They
can contribute to nitrogen mineralization and distribution
of biomass within plants in soil ecosystems [17]. Despite
this important role, their identification is still extremely
challenging. Due to these difficulties, their biodiversity is
greatly underestimated. For example, it is estimated that
global marine nematode species richness exceeds one
million, while only a few thousand of them are described
[18]. For a better assessment of nematode biodiversity,
ecologists studying this group should take the opportunity
to use DNA barcoding in both marine and terrestrial
environments [1,19,20].

In addition, ecologists can take advantage of DNA tools
when only hair, feces or urine left behind by animals are
available for species identification. Such an approach is
now widely used, and is particularly useful for detecting
the presence of elusive or endangered species. For
example, the recent wolf range expansion in France and
Switzerland has been traced back using mainly feces and
hair samples [21]. Another study demonstrated that feces
from the sympatric Amur leopard (Panthera pardus orien-
talis) and Siberian tiger (P. tigris altaica) can be easily
distinguished based onmitochondrial DNA polymorphism,
enabling the possibility to record the respective presence of
these two endangered subspecies in the field [22].

Identifying species through DNA barcoding is also help-
ful for understanding interspecies interactions [23,24]. For
example, the barcoding approach has already shown that
the existence of cryptic species could mask the specializ-
ation of a parasite to a single host. Several morphospecies
of tachinid parasitoid flies thought to be generalist actually
corresponded to many different cryptic species that were
less generalist or even specialist [25,26]. In the same way,
three species of Cerambycidae insects (Palame spp.) feed-
ing on trees of the Lecythidaceae family yielded three new
more specialized cryptic species with different host and
season preferences [27].

Furthermore, DNA barcoding can be advantageous for
monitoring illegal trade in animal byproducts. When such
products are sold, identification through morphological
characteristics might no longer be possible. Sometimes
only hairs are available for species identification, and it
is very difficult or even impossible to visually determine
whether a hair came from an endangered or a legally sold
species. DNA methodology has been successfully imple-
mented to identify Eurasian badger (Meles meles) hairs in
expensive shaving brushes [28] and Tibetan antelope
(Pantholops hodgsonii) in shahtoosh, a luxury shawl
[29]. Many other examples can be found in the food indus-
try (see e.g. Ref. [30]). For instance, scientists using this
technique revealed that 23% of black caviar samples pur-
chased in the USA were labeled with an incorrect species
name, and in some cases the commercial species (Russian
sturgeon, Acipenser gueldenstaedtii) was replaced with an
endangered one (ship sturgeon, A. nudiventris) [31].

In the field of biosecurity, the reliable and fast identi-
fication of exotic species is fundamental. In many cases,
particularly for insects, a pest at the egg or larval stage
might not be recognizable without DNA identification. For
example, stem borer larvae of the genusBusseola occurring
in Ethiopia on sugarcane were identified using COI
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for identifying species when their morphology is of limited
use [15], even if DNA barcoding itself also presents some
limitations (see e.g. Ref. [16] and the section Limitations
and Perspectives below). The following examples illustrate
some situations where DNA barcoding has greatly helped
ecologists.

Nematodes play an important role in ecosystems. They
can contribute to nitrogen mineralization and distribution
of biomass within plants in soil ecosystems [17]. Despite
this important role, their identification is still extremely
challenging. Due to these difficulties, their biodiversity is
greatly underestimated. For example, it is estimated that
global marine nematode species richness exceeds one
million, while only a few thousand of them are described
[18]. For a better assessment of nematode biodiversity,
ecologists studying this group should take the opportunity
to use DNA barcoding in both marine and terrestrial
environments [1,19,20].

In addition, ecologists can take advantage of DNA tools
when only hair, feces or urine left behind by animals are
available for species identification. Such an approach is
now widely used, and is particularly useful for detecting
the presence of elusive or endangered species. For
example, the recent wolf range expansion in France and
Switzerland has been traced back using mainly feces and
hair samples [21]. Another study demonstrated that feces
from the sympatric Amur leopard (Panthera pardus orien-
talis) and Siberian tiger (P. tigris altaica) can be easily
distinguished based onmitochondrial DNA polymorphism,
enabling the possibility to record the respective presence of
these two endangered subspecies in the field [22].

Identifying species through DNA barcoding is also help-
ful for understanding interspecies interactions [23,24]. For
example, the barcoding approach has already shown that
the existence of cryptic species could mask the specializ-
ation of a parasite to a single host. Several morphospecies
of tachinid parasitoid flies thought to be generalist actually
corresponded to many different cryptic species that were
less generalist or even specialist [25,26]. In the same way,
three species of Cerambycidae insects (Palame spp.) feed-
ing on trees of the Lecythidaceae family yielded three new
more specialized cryptic species with different host and
season preferences [27].

Furthermore, DNA barcoding can be advantageous for
monitoring illegal trade in animal byproducts. When such
products are sold, identification through morphological
characteristics might no longer be possible. Sometimes
only hairs are available for species identification, and it
is very difficult or even impossible to visually determine
whether a hair came from an endangered or a legally sold
species. DNA methodology has been successfully imple-
mented to identify Eurasian badger (Meles meles) hairs in
expensive shaving brushes [28] and Tibetan antelope
(Pantholops hodgsonii) in shahtoosh, a luxury shawl
[29]. Many other examples can be found in the food indus-
try (see e.g. Ref. [30]). For instance, scientists using this
technique revealed that 23% of black caviar samples pur-
chased in the USA were labeled with an incorrect species
name, and in some cases the commercial species (Russian
sturgeon, Acipenser gueldenstaedtii) was replaced with an
endangered one (ship sturgeon, A. nudiventris) [31].

In the field of biosecurity, the reliable and fast identi-
fication of exotic species is fundamental. In many cases,
particularly for insects, a pest at the egg or larval stage
might not be recognizable without DNA identification. For
example, stem borer larvae of the genusBusseola occurring
in Ethiopia on sugarcane were identified using COI
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ecologists.
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can contribute to nitrogen mineralization and distribution
of biomass within plants in soil ecosystems [17]. Despite
this important role, their identification is still extremely
challenging. Due to these difficulties, their biodiversity is
greatly underestimated. For example, it is estimated that
global marine nematode species richness exceeds one
million, while only a few thousand of them are described
[18]. For a better assessment of nematode biodiversity,
ecologists studying this group should take the opportunity
to use DNA barcoding in both marine and terrestrial
environments [1,19,20].

In addition, ecologists can take advantage of DNA tools
when only hair, feces or urine left behind by animals are
available for species identification. Such an approach is
now widely used, and is particularly useful for detecting
the presence of elusive or endangered species. For
example, the recent wolf range expansion in France and
Switzerland has been traced back using mainly feces and
hair samples [21]. Another study demonstrated that feces
from the sympatric Amur leopard (Panthera pardus orien-
talis) and Siberian tiger (P. tigris altaica) can be easily
distinguished based onmitochondrial DNA polymorphism,
enabling the possibility to record the respective presence of
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for identifying species when their morphology is of limited
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and Perspectives below). The following examples illustrate
some situations where DNA barcoding has greatly helped
ecologists.

Nematodes play an important role in ecosystems. They
can contribute to nitrogen mineralization and distribution
of biomass within plants in soil ecosystems [17]. Despite
this important role, their identification is still extremely
challenging. Due to these difficulties, their biodiversity is
greatly underestimated. For example, it is estimated that
global marine nematode species richness exceeds one
million, while only a few thousand of them are described
[18]. For a better assessment of nematode biodiversity,
ecologists studying this group should take the opportunity
to use DNA barcoding in both marine and terrestrial
environments [1,19,20].

In addition, ecologists can take advantage of DNA tools
when only hair, feces or urine left behind by animals are
available for species identification. Such an approach is
now widely used, and is particularly useful for detecting
the presence of elusive or endangered species. For
example, the recent wolf range expansion in France and
Switzerland has been traced back using mainly feces and
hair samples [21]. Another study demonstrated that feces
from the sympatric Amur leopard (Panthera pardus orien-
talis) and Siberian tiger (P. tigris altaica) can be easily
distinguished based onmitochondrial DNA polymorphism,
enabling the possibility to record the respective presence of
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of tachinid parasitoid flies thought to be generalist actually
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less generalist or even specialist [25,26]. In the same way,
three species of Cerambycidae insects (Palame spp.) feed-
ing on trees of the Lecythidaceae family yielded three new
more specialized cryptic species with different host and
season preferences [27].
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is very difficult or even impossible to visually determine
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and Perspectives below). The following examples illustrate
some situations where DNA barcoding has greatly helped
ecologists.
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can contribute to nitrogen mineralization and distribution
of biomass within plants in soil ecosystems [17]. Despite
this important role, their identification is still extremely
challenging. Due to these difficulties, their biodiversity is
greatly underestimated. For example, it is estimated that
global marine nematode species richness exceeds one
million, while only a few thousand of them are described
[18]. For a better assessment of nematode biodiversity,
ecologists studying this group should take the opportunity
to use DNA barcoding in both marine and terrestrial
environments [1,19,20].

In addition, ecologists can take advantage of DNA tools
when only hair, feces or urine left behind by animals are
available for species identification. Such an approach is
now widely used, and is particularly useful for detecting
the presence of elusive or endangered species. For
example, the recent wolf range expansion in France and
Switzerland has been traced back using mainly feces and
hair samples [21]. Another study demonstrated that feces
from the sympatric Amur leopard (Panthera pardus orien-
talis) and Siberian tiger (P. tigris altaica) can be easily
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when only hair, feces or urine left behind by animals are
available for species identification. Such an approach is
now widely used, and is particularly useful for detecting
the presence of elusive or endangered species. For
example, the recent wolf range expansion in France and
Switzerland has been traced back using mainly feces and
hair samples [21]. Another study demonstrated that feces
from the sympatric Amur leopard (Panthera pardus orien-
talis) and Siberian tiger (P. tigris altaica) can be easily
distinguished based onmitochondrial DNA polymorphism,
enabling the possibility to record the respective presence of
these two endangered subspecies in the field [22].

Identifying species through DNA barcoding is also help-
ful for understanding interspecies interactions [23,24]. For
example, the barcoding approach has already shown that
the existence of cryptic species could mask the specializ-
ation of a parasite to a single host. Several morphospecies
of tachinid parasitoid flies thought to be generalist actually
corresponded to many different cryptic species that were
less generalist or even specialist [25,26]. In the same way,
three species of Cerambycidae insects (Palame spp.) feed-
ing on trees of the Lecythidaceae family yielded three new
more specialized cryptic species with different host and
season preferences [27].

Furthermore, DNA barcoding can be advantageous for
monitoring illegal trade in animal byproducts. When such
products are sold, identification through morphological
characteristics might no longer be possible. Sometimes
only hairs are available for species identification, and it
is very difficult or even impossible to visually determine
whether a hair came from an endangered or a legally sold
species. DNA methodology has been successfully imple-
mented to identify Eurasian badger (Meles meles) hairs in
expensive shaving brushes [28] and Tibetan antelope
(Pantholops hodgsonii) in shahtoosh, a luxury shawl
[29]. Many other examples can be found in the food indus-
try (see e.g. Ref. [30]). For instance, scientists using this
technique revealed that 23% of black caviar samples pur-
chased in the USA were labeled with an incorrect species
name, and in some cases the commercial species (Russian
sturgeon, Acipenser gueldenstaedtii) was replaced with an
endangered one (ship sturgeon, A. nudiventris) [31].

In the field of biosecurity, the reliable and fast identi-
fication of exotic species is fundamental. In many cases,
particularly for insects, a pest at the egg or larval stage
might not be recognizable without DNA identification. For
example, stem borer larvae of the genusBusseola occurring
in Ethiopia on sugarcane were identified using COI

Figure 1. Methodology for analyzing biodiversity from environmental samples
based on next-generation DNA sequencers. After collecting environmental
samples in the field, extracting DNA and amplifying with universal primers that
target very short DNA fragments (less than 150 base pairs), hundreds or thousands
of amplified DNA molecules are sequenced using next-generation sequencers
(Box 3). Using a reference DNA database, the taxa these sequences come from are
identified and used to estimate different biodiversity parameters.
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that hydrolyses DNA molecules and creates DNA strand breaks by
direct cleavage of the DNA phosphodiester backbone or breakage
of the sugar backbone after depurination [27]. UV radiation [28]
and DNA uptake by micro-organisms, as source of nutriments
(carbon, nitrogen and phosphorous) and to repair their own DNA
damages [29], contribute also to damage and decrease DNA
molecules density. Microorganisms’ uptake varies with tempera-
ture; and as a consequence, DNA detectability can vary according
to the period of the year. In fact low temperature can slow down
enzymatic and microbial activity resulting in slower DNA
degradation [24].

DNA detection and, as a consequence, DNA persistence
estimation, is influenced by sampling and analysis strategy, other
than environmental factors. The sampling and the analysis
strategy must be extremely rigorous. Before any environmental
DNA analysis, the reliability and the robustness of primers must be
tested. First, the analysis must be performed in silico (e. g. using
ecoPCR software [14]) in order to insure primer specificity (e. g.
other species were not amplified at the same time as the species of
interest) [30]. Once specific primers were found, reliabilty must be
tested on very high quality DNA (e.g. extracted from tissus
samples), and PCR conditions must be otpimized. Environmental
DNA is rare and preacautions similar to those used for ancient
DNA analysis must be taken [31]. DNA must be extracted in a
dedicated room for rare DNA, mock samples without DNA have
to be analysed in parallel, as well as positive samples. PCR cycles
have to be increased and high attention must to be taken to avoid
contamination. The optimum strategy to enhance the reliability is

to increase the number of analysed samples, i.e. more water
samples in the field and more genetic replicates (multi-tube
approach [15]) in the laboratory. However, all the sampling and
analysis strategy must be adapted to the studied environments (e.g.
large water bodies, marshes, etc) and species. In running waters,
other sampling strategies will be developed, based e.g. on pumping
water samples to increase DNA collection.

The dynamics of detectability reflects the persistence of DNA
fragments in freshwater ecosystems. In this study we demonstrate
that DNA persistence is less than one month. The short time
persistence of detectable amounts of DNA opens new perspectives
in conservation biology, by allowing access to the presence or
absence of species e.g. rare, secretive, potentially invasive, or at
low density. This knowledge of DNA persistence will greatly
influence planning of biodiversity inventories and biosecurity
surveys.
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environmental DNA approach may still be a valuable
complement to conventional monitoring (based on the
identification of tracks and faecal remains), which is
both resource demanding and error prone (Hansen &
Jacobsen 1999; Davison et al. 2002).

While our population density estimates based on con-
ventional monitoring methods are robust and compara-
ble relative to each other, they serve only as proxies for
true population densities. We therefore investigated the
consistency of the observed quantitative trend in the
relationship between DNA concentration and popula-
tion density of the two amphibian species under semi-
natural conditions, allowing control of absolute animal
density through time. We quantified DNA concentra-
tions by repeated water sampling from freshwater mes-
ocosms with densities of 0, 1, 2 or 4 larvae in 80 L of
water, respectively. We sampled at 2, 9, 23, 44 and
64 days after introduction of animals to freshwater con-
tainers. All animals were removed from the containers
after 64 days when metamorphosis initiated, and DNA
concentration was quantified after additional 2, 9, 15
and 48 days to investigate DNA persistence (Table S2,
Supporting information).

For both species, we observe a highly significant
effect of animal density and time on DNA concentration
quantified from the freshwater mesocosms as well as an
interaction of the two factors (P. fuscus, P < 0.001;
T. cristatus, P < 0.001; linear mixed model). This con-
firms our field observations in an experimental setting.
Interestingly, DNA concentrations were consistently
higher for P. fuscus than for T. cristatus in both the con-
trolled experiment and the field survey (Figs 3 and 4),

likely due to the fact that the herbivorous tadpole is
substantially larger and more active than the carnivo-
rous newt larvae. Immediately after the animals were
removed, we observed a rapid and continuous decrease
in DNA concentration, until it could no longer be
detected only 1–2 weeks after removal (Fig. 4). These
results suggest that DNA traces are near contemporary
with the presence of the species, in agreement with pre-
vious studies observing rapid degradation of DNA in
freshwater (Kim et al. 1996; Matsui et al. 2001; England
et al. 2005; Douville et al. 2007; Dejean et al. 2011).

We speculate that the ability to detect and quantify
DNA from a given freshwater animal species is deter-
mined as a simple relationship between DNA excretion
depending on animal density and size, and degradation
of this DNA owing to both microbial ⁄ enzymatic attack
and spontaneous chemical reactions such as hydrolysis
and oxidation (Lindahl 1993). Based on this general
assumption, we integrated the observed DNA degrada-
tion in the examination of the quantitative relation
between animal density and DNA concentration in a
simple differential equation. This model was con-
structed assuming that DNA is generated at a rate
dependent on the animal density and growth and
degraded by a constant rate. We find that the model
parameters estimated from the data are in concordance
with each other across both species showing constant
degradation and increasing excretion of DNA with
increased density of animals and animal growth
(Fig. S3, Supporting information).

The observed trends in both the field and controlled
experiments support the conclusion that, despite rapid

(a) (b)

Fig. 4 Environmental DNA quantification in controlled mesocosm experiment with Pelobates fuscus (a) and Triturus cristatus (b).
Means + 2 · SE of DNA molecules in water samples from freshwater containers with 1 (red), 2 (blue) or 4 (green) individuals in
80 L. After a control sample was taken, animals were introduced at time t = 0 and samples were taken at 2, 9, 23, 44, 64, 66, 73, 79
and 112 days. Animals were removed at t = 64 (after sampling). The lines show a differential equation model fitted to the data (see
Materials and methods section), a: R2 = 0.29 (red), 0.50(blue), 0.61(green); b: R2 = 0.49 (red), 0.67 (blue), 0.62 (green).
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• sans	  ADN	  amplifié

• techniques	  de	  neloyage/désinfec:on	  par:culières

• ...
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