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Introduction - Conservation genetics
• how genetic analyses can help threatened species:
some examples...
•

measure inbreeding / outbreeding depression

•

loss of genetic diversity

•

fragmentation of population and reduction of gene flow

•

genetic drift

•

define management unit

•

understand aspects of species biology important
for their conservation
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We wonderedif conservationresearchwould
show less taxonomic bias. After all, conservationists advocate a comprehensive, integratedapproachto preservationof biodiversity, e.g., the famous Aldo Leopold statement
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• reptiles
•

low interest

•

limited number of studies compare to other vertebrates

-

Fig. 1. Number of articles published in different main subject areas in four journals, based on a sample of 160 papers from each time frame. Categories with very low numbers
of papers were pooled for analysis and are shown as ‘Others’ (see Supplementary online appendix for these). i B 0.5-
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Fig. 2. Number of articles published on different taxa in four journals, based on a
sample of 160 papers from each time frame. ‘General’ refers to papers without a
main taxonomic focus, whereas ‘Others’ are represented by fungi, bacteria and
other microorganisms. Pooling amphibians with reptiles (expected frequencies <5)
and removing ‘General’: v2 = 13.4, df = 6, P < 0.05.

• reptiles and conservation genetic studies
the percentage increase in papers published varied across the four
journals: Oryx 130%, Biodiversity and Conservation 317%, Biological
Conservation 170%, Conservation Biology 37%.

not easy to get enough samples
3.2. Subject area

•

In both timeframes, the main subject area studied was populaspecific
markers increase
tion biology, with habitat change, community ecology and species

•

number of studies increase
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(A) Proportion of major organismal taxa in
nature versus conservation literature. (B)
Proportion of vertebrates and invertebrates
in nature versus conservation literature.
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contributed papers,
and short notes from
these journals. Overall, we analyzed and
cataloged more than
2700 articles with a
primary focus on one or
more organismal groups.
In general, we used
IUCN (World Conservation Union) data for
species numbers worldwide (6, 7). Unfortunately, we found that tax
pervades the conservatio
panel A of figure).
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Fig. 3. Number of articles published on single species and multi-species systems in
four journals, based on a sample of 160 papers from each time frame.

Griffiths & Dos Santos (2012) Biological Conservation
Clark & May (2002) Science

Introduction - conservation genetics in reptiles
several aspects
•

Population genetics: comparison of species with a similar biology
asp viper / adder

•

Population genetics: comparison between locations
smooth snake: UK, Alsace region, Belgium

•

Landscape genetics
slow worm

•

environmental DNA

European Vipers - Vipera berus and Vipera aspis
• population genetics of the adder in the Jura Mountains

(Vipera berus)
E: adder
G: Kreuzotter
F:Vipère péliade

conditions were optimised for each locu

European Vipers - Vipera berus and Vipera aspis
• population genetics of the adder in the Jura Mountains

Microsatellite amplification

PCR amplifications were conducted in 2
2 ll of DNA template, 19 PCR buffer (
of Q solution (Qiagen), MgCl2 concentr
the locus amplified (see Table 1), 0.2 mM
of each primer and 0.5 units of Taq poly
forward primers were labelled with
Amplification of microsatellite loci w
PE9700 thermo-cyclers (Applied-Biosys
ous annealing temperatures (see Table
consisted of 35 cycles of 30 s at 94"C,
temperature (Table 1) and 45 s at 72"C, f
5 min extension at 72"C. Microsatellite P
run on an ABI 377 automated sequence
were scored using the program GENS
Biosystems).

Mitochondrial DNA amplification and a

Fig. 1 Distribution of the sampled populations of Vipera berus.
Population codes correspond to Table 2. Population groups CH1-2,
FR1-3, and MA1-2 contain geographically close (\3.5 km)
subpopulations

Additionally, a portion of the mit
(mtDNA) cytochrome b gene (cyt. b) ha
accordingly to Ursenbacher et al. (2006)
of the four main studied areas (Jura
Central and Western France), in o
mitochondrial genetic diversity. Ten sa
population (FR1, UR, MA1 and RE
selected. Genetic diversity was estimate
(Kumar et al. 2004) and statistical pars
v1.21; Clement et al. 2000) was used to
between haplotypes. To test for eviden
growth from low-diversity founder
performed a Fu’s FS (Fu 1997) test in o
excess of et
rare
alleles,
and pairwise
mism
Ursenbacher
al. (2009)
Conservation
Genetics

European Vipers - Vipera berus and Vipera aspis
• population genetics of the adder in the Jura Mountains
311

Conserv Genet (2009) 10:303–315

ations of
pairwise

pulations.
mined by
gnificant

Fig. 3 Isolation by distance in ten Jura Mountains populations of
Vipera berus (r2 = 0.33, P \ 0.01). Comparisons are pairwise
between all populations

Fig. 5 Barrier locations between sampled populations estimated by
BARRIER (Manni et al. 2004), where thickness is proportional to
divergence between populations. Blue lines correspond to the
Voronoı̈ tessellation whereas green patches correspond to forest area
and grey scale to altitude. To avoid divulging the exact location of
remnant populations, the network resulting from the BARRIER
analysis has been slightly shifted. Populations correspond to map in
Fig. 1

Ursenbacher et al. (2009) Conservation Genetics

(Vipera aspis)
E: Asp viper
G: Aspisviper
F:Vipère aspic

European Vipers - Vipera berus and Vipera aspis
• population genetics of the asp viper in the lowland of Switzerland

Silvia Geser's PhD thesis, University of Basel

European Vipers - Vipera berus and Vipera aspis
• isolation by distance (individual relatedness)

genetic relatedness
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European Vipers - Vipera berus and Vipera aspis
• "similar species"
• Asp viper
•

very limited genetic differentiation

•

high gene flow if corridors occur

• Adder
•

strong genetic differentiation

•

lack of gene flow even at a low distance

➡ complete different behavior

The smooth snake - comparison between 3 locations

(Coronella austriaca)
E: smooth snake
G: Schlingnatter
F: Coronelle lisse

The smooth snake - comparison between 3 locations

http://na2re.ismai.pt

SEH website

adults becoming sexually mature at 4 years of age and
potentially living in excess of 17 years (Reading, 2004b).
Although widely distributed throughout continental
Europe and areas of western Asia, C. austriaca populations in the United Kingdom are limited to lowland
heathland habitats in Dorset, Hampshire and Surrey
(Braithwaite et al., 1989). A plagioclimax vegetation
community dominated by ericaceous dwarf shrubs
(Chapman et al., 1989), lowland heathland has undergone significant loss and fragmentation as a result
of agricultural intensification, shrub encroachment,
urbanisation and commercial afforestation (Bakker and
Berendse, 1999; Rose et al., 2000). This has been implicated as the determining factor in historical population

tween sampling sites o6 km), and to determine whether
the observed structure was a result of isolation-by-distance
effects or the limits to dispersal ability conferred by the
presence of coniferous forest stands, and (b) to determine
whether dispersal in this species is sex-biased.

The smooth snake - comparison between 3 locations
Methods

Field surveys and sampling
A total of 10 hexagonal arrays of 37 artificial refugia (sensu
Reading, 1997) were located within the boundaries of
Wareham Forest, Dorset (Figure 1). Arrays were located
on homogeneous areas of lowland heathland between

• population genetics of the smooth snake in UK

Figure 1 Localities of the 10 arrays of artificial refugia (white hexagons) within Wareham Forest, Dorset, from which individual Coronella
austriaca were sampled. Darker coloured areas indicate stands of closed canopy Pinus spp., whereas lighter coloured areas include heathland,
clearfelled stands and young Pinus spp. plantations.
Heredity

Pernetta et al. (2011) Heredity

H ¼ 2.54, P ¼ 0.980; HE. H ¼ 15.21, P ¼ 0.085; FIS, H ¼ 2.11, 235
ple sites withinPWareham
¼ 0.990).Forest
Mean inbreeding coefficients were high with±0.018)
in all
10 sampling
¼ 0.250, s.e.
WF4
WF5
WF6 sites (overall
WF7 meanWF8
WF9
and strongly significant for two of them (Table 2).
- comparison
Bayesian clustering analysis using STRUCTURE
identi- between 3 locations
fied two ‘true’ populations, based on the samples
obtained. However, the two identified ‘populations’ did
not correspond to the geographical locality of samples,
—
suggesting
the relatively
low levels
variability
for each
0.067
• — population
genetics
ofofthe
smooth
snake in UK
loci0.013
resulted in— a failure to correctly resolve discrete
0.091
0.054
0.034
0.045
—
population
clusters.
Despite
the close proximity of
0.073
0.041 sites within
0.039
0.043 Forest,—AMOVA showed
sample
Wareham
0.163
0.103
0.086
0.024 differentiation
—
a small,
but 0.063
highly significant
genetic
between
populations
(FST ¼ in
0.078,
llowing Bonferonni’s
correction
are highlighted
bold.Po0.001). In addition,
a total of 29 of the 45 pairwise FST values were
significantly different following Bonferonni’s correction
(Po0.0011; Table 3). Although ‘biological’ distance
11,
tended to be longer than the Euclidean distance between
thsampling sites, there was a highly significant correlation
18)
between both measures (Pearson’s r ¼ 0.998, P40.001).
Mantel tests showed significant effects of isolation by
ntidistance using both straight-line (rS ¼ 0.511, P ¼ 0.003)
les
and ‘biological’ distances between sampling sites
did
(rS ¼ 0.445, P ¼ 0.005; Figure 2).
les,
Analysis of sampling sites for sex-biased dispersal
ach
showed significant evidence for males being the disperete
sing sex. Female smooth snakes had significantly higher
of
levels of both within-population relatedness (Figure 3a,
wed
mean P ¼ 0.011) and between population genetic differion
entiation (Figure 3b, mean P ¼ 0.0072). In addition,
on,
females showed significantly higher mAIc values
ere
(Figure 3c, mean P ¼ 0.046), as would be expected from
ion
the more philopatric sex. Finally, the difference in mean
nce
vAIc values was not statistically significant (mean
Figure 2 Relationship between pairwise FST values and (a) the
een
P ¼ 0.134), the higher mean value for females is not
straight-line distance (rS ¼ 0.511, P ¼ 0.003), and (b) the ‘biological’
ion
consistent with the other three results in indicating males
distance (rS ¼ 0.445, P ¼ 0.005) between smooth snake-sampling
01).
sites in Wareham Forest.
to be the dispersing sex (Figure 3d).
by
03)
Discussion
tes
obsoleta obsoleta; Prior et al., 1997), timber rattlesnakes
(Crotalus horridus; Clark et al., 2008) and eastern
As far as we are aware, the results presented in this study
sal
foxsnakes (Mintonius gloydi; DiLeo et al., 2010).
provide the first detailed microsatellite-based analysis of
PernettaTypically,
et al. (2011) Heredity

The smooth snake

The smooth snake - comparison between 3 locations
• population genetics of the smooth snake in the Alsace region

Vacher & Ursenbacher (submitted) Amphibia-Reptilia

The smooth snake - comparison between 3 locations
• population genetics of the smooth snake in the Alsace region

• UK
• Alsace

Vacher & Ursenbacher (submitted) Amphibia-Reptilia

ensuite relâché. Ces échantillons de salive contiennent  suffisamment  d’ADN  pour  une  analyse.  
Sur chaque écouvillon est   noté   le   lieu   d’échantillonnage,   la   date   de   prélèvement   et   le   sexe   de  

The l’individu  lorsqu’il  était  possible  de  
smooth snake - comparison
between 3 locations
l’identifier.  Les   différentes  recaptures  possibles   sont   également  
inscrites sur les écouvillons,   après   identification   à   l’aide   de   photo   des   différents   animaux  
échantillonnés
prisent of
lorsthe
du prélèvement.
Les recaptures
ont été écartées des analyses.
• population
genetics
smooth snake
in Belgium

Figure 8: Carte des 5 éco-régions de Wallonie. Les sites d'échantillonnages sont représentés par un point violet.
Julie Cauwenberg: MSc work

The smooth snake - comparison between 3 locations
• population genetics of the smooth snake in Belgium
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Figure 11: Corrélation entre les matrices de distances géographiques et les matrices de distances génétiques (Fst et Fst
corrigés) obtenues par Excell.
Julie Cauwenberg: MSc work

The smooth snake - comparison between 3 locations
• population genetics of the smooth snake in UK
•

isolation by distance

•

high FST value already at a low distance: FST = 0.10 for populations 3 km away

• population genetics of the smooth snake in Alsace region
•

no isolation by distance

•

mean FST < 0.10 even for populations more than 60 km away

• population genetics of the smooth snake in Belgium
•

isolation by distance

•

FST = 0.10 for populations about 20 km away

• different results:
•

?? central / northern part of the distribution area

•

?? differences: habitat, connectivity, history, ...

Landscape Genetics - example with the slow worm (Anguis fragilis)

(Anguis fragilis)
E: slow worm
G: Blindschleiche
F: Orvet

Landscape Genetics - example with the slow worm (Anguis fragilis)
• combining population genetics and Landscape information (GIS)
• aims: understand the landscape elements that reduce/increase the gene flow

Author's personal copy

Landscape Genetics - example with the slow worm (Anguis fragilis)

Conserv Genet

Fig. 1 Repartitioning of the sampled sites in Switzerland (between
Lausanne and Geneva) with the landscape elements used for the
landscape genetic analysis. The black dots represent sites where slow

obtained using 454 shotgun sequencing. Reads were
screened for potential microsatellites using MSATCOM-

Fig. 1 Repartitioning of the sampled sites in Switzerland (between
Lausanne and Geneva) with the landscape elements used for the
landscape genetic analysis. The black dots represent sites where slow
worms were sampled. Abbreviations correspond to those in Table 3.
(Color figure online)

obtained using 454 shotgun sequencing. Reads were
screened for potential microsatellites using MSATCOMMANDER v0.8.2 (Faircloth 2008) and a final selection was
Furthermore, PCR amplifications were conducted on a
made by eye based onGeiser
the length
and Conservation
homogeneity
of
et al. (2013)
Genetics
Mastercycler Gradient (Eppendorf,
Schönenbuch/Basel,

each different environmental parameter was created. The
the preferred habitat of the slow worm as described by
given value attributed to each category represents the degree
Völkl and Alfermann (2007). A friction map weighting the
of resistance of the specific landscape type and used to
five categories in different ways was calculated with
compute the least-cost path. Due to the limited and contraascending or equal weights for category one to four, the
the category
slow worm
(Anguis fragilis)
dictory knowledge about dispersal and habitat- example
uses by thewithfifth
(non-habitat) always having the highest
slow worm, different scenarios were tested (see Fig. 2):
friction weight.

Landscape Genetics

Fig. 2 Summary of the
different landscape genetic
approaches used in this study:
the strip-based approach
following that of Emaresi et al.
(2011) on the left and the leastcost path method on the right

123

Geiser et al. (2013) Conservation Genetics

Author's personal copy
Landscape Genetics - example with the slow worm (Anguis fragilis)
Conserv Genet
Appendix

Fig. 3 A part (northern part) of
the studied area with pairwise
least-cost paths (black lines) of
the best model and the pairwise
straight 525-m wide strips of the
best model (light green stripes).
(Color figure online)
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each different environmental parameter was created. The
the preferred habitat of the slow worm as described by
given value attributed to each category represents the degree
Völkl and Alfermann (2007). A friction map weighting the
of resistance of the specific landscape type and used to
five categories in different ways was calculated with
compute the least-cost path. Due to the limited and contraascending or equal weights for category one to four, the
the category
slow worm
(Anguis fragilis)
dictory knowledge about dispersal and habitat- example
uses by thewithfifth
(non-habitat) always having the highest
slow worm, different scenarios were tested (see Fig. 2):
friction weight.

Landscape Genetics

Fig. 2 Summary of the
different landscape genetic
approaches used in this study:
the strip-based approach
following that of Emaresi et al.
(2011) on the left and the leastcost path method on the right
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Landscape Genetics - example with the slow
worm (Anguis
fragilis)
Author's
personal
copy
Conserv Genet
Table 4 Comparison of the environmental elements negatively
impeding gene flow in the least-cost path and strip-based approaches
Variable

Least-cost
modelling

Strip-based
approach

Railway

24 %

20 %

Highway

13 %

15 %

Other land use
Anthropogenic-influenced areas

No
No

15 %
13 %

Agriculture

No

No

Dense forests

\1 %

No

Other forests

No

10 %

Roads

24 %

10 %

Rivers

13 %

9%

Vineyards

24 %

8%

Environmental elements favouring gene flow were not taken into
account when assessing their role in fragmentation in the two
approaches. They are consequently noted with a ‘‘No’’

‘‘agriculture’’ and ‘‘dense forests’’ showed a very low
effect on gene flow in both approaches.

Discussion
Habitat fragmentation represents a serious threat to the
long-term viability of animal populations (Fahrig 2003).

2007). However, assessing the dispersa
gle animals (e.g., using telemetry or
recapture studies) will be necessary to f
population dynamics and dispersal ab
worm, as well as improving the co
species.
Landscape genetics

As suggested by Excoffier and Hecke
several approaches to evaluate the imp
landscape elements on shaping the gene
a significant IBD effect was detected. R
of the sample region and the dispersal
especially slow worms (Völkl and Alfer
not surprising that more distant populati
genetic differentiation.
Nevertheless, the limited effect o
r = 0. 250) per se and Euclidean distan
models showed that geographical dis
factor responsible for the genetic frag
worm populations. The least-cost pa
approaches demonstrated a joint effe
respectively) of the highway and the rai
study site. In addition, these barrie
detected by both methods to have a hig
flow than geographical distance (ac
Geiser et al. (2013) Conservation Genetics
comparisons).
Vineyards were also fou

Environmental DNA
genetic material from living organisms that can be
detected by sampling the non-living environment
taking water/soil samples
extract whole DNA
amplify whole DNA with a custom primer set
sequencing / next generation sequencing (depending on the project)

useful for
detection of rare species
genetic diversity in soils
...

Valentini et al. (2009) TREE

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.

Environmental DNA - detection of invasive samples
detection of an invasive frog (Rana catesbeiana)
•

water samples (15 ml)

•

extraction and amplification (PCR) with specific primers
(about 80 bp amplified), using a multiple-tube approach (3-5 tubes/sample)

•

electrophoresis and sequencing

•

positive amplification for most samples
even if the density of bullfrog is limited

ion using environmental DNA

using electrophoresis
e performed in both
quencing Kit v. 1.1
the PCR product of
quencing technology
This massive parallel
of sequences to be
able with large-scale

Table 1. Rate of bullfrog detection in water samples.

pond

bullfrog presence
and relative
abundance

water samples
positives at least
once

positive
PCRs

g a binomial error to
onds with different
water samples were
nsity. Mixed models
ore Team 2006) and
gh the origin.

1
2
3
4
5
6
7
8
9

yes-low
yes-low
yes-low
yes-high
yes-high
yes-high
no
no
no

2/3
3/3
2/3
3/3
3/3
3/3
0/3
0/3
0/3

2/9
6/9
2/9
8/9
6/9
8/10
0/9
0/9
0/15

we successfully
of all 18 aquaifferent densities
e never amplified

4. DISCUSSION
We showed that environmental DNA (either in solution
or in cellular debris) can be used to ascertain species
presence in a wetland, and that this technique is able to

Ficetola et al. (2008) Biology Letters

Environmental DNA - detection of rare species
detection of two species in a stream
•

low density of the species

•

fast-moving streams

•

filtered water samples from five streams with varying
densities

•

Idaho giant salamanders: 5/5
Rocky Mountain tailed frogs:4/5

•

variability of detection ability (early spring / in early
fall)

Molecular Detection of Stream Amphibians

Figure 1. Electropherograms of species-specific PCR amplification of DNA in positive controls and stream water. The blue peak
indicates the species-specific fragment for Idaho giant salamanders (Dicamptodon aterrimus) and the black peak indicates the species-specific
fragment for tailed frogs (Ascaphus montanus). All reactions were diluted to produce these images.
doi:10.1371/journal.pone.0022746.g001

availability for aquatic species and benefit resource managers and
many fields of research, including community ecology, biogeography, evolutionary biology, conservation biology, and invasion
biology. eDNA techniques could be used to form cost-efficient
multi-species inventory and monitoring programs for sensitive
species, in combination with occupancy models [31] to estimate
probabilities of detection. With next-generation sequencing,
DNA sequences of a community of aquatic vertebrates could

be determined for study systems individually; however, this
technique shows great potential for increasing our knowledge of
aquatic systems.

Supporting Information

Goldberg et al. (2011) PLoS ONE

Table S1 PCR protocols and results for amplifying DNA of
Rocky Mountain tailed frogs (Ascaphus montanus) and Idaho giant

Fig. 2 Environmental DNA detection rates by qPCR in natural freshwater ponds with 100% occurrence of the species confirmed in
the field (dark grey) or larger freshwater systems with known occurrence in the area (light grey). Detection rates are given in percentage positive localities out of the total number of localities surveyed for each species. Data covers amphibians: Pf (Pelobates fuscus,
n = 9) and Tc (Triturus cristatus, n = 11); fish: Mf (Misgurnus fossilis, n = 11 ponds and n = 15 streams—light grey); insects: Lp (Leucorrhinia pectoralis, n = 11); crustaceans: La (Lepidurus apus, n = 10) and mammals: Ll (Lutra lutra, n = 15 streams and lakes).

Environmental DNA - quantitative evaluation

five of these sites, suggesting that the DNA approach
throughout a continuous 225 km2 ditch system of runmay in some cases be more sensitive. Supporting this
ning water that is known to be inhabited by the species.
view, the respective five sites had lower average DNA
The 54% success rate obtained (Fig. 2) was comparable
concentration than the sites where the presence of
to the results of a conventional expert survey in the
P. fuscus was confirmed by expert surveys (P < 0.05,
area. Considering water volume per individual and
Mann–Whitney U test). For the amphibians, where
water retention time, the difference between detection
eDNA
quantified
with
qPCR
environmental DNA was quantified, we find positive
probability in running and stagnant water systems is
correlation between DNA concentration and estimated
expected. Similarly, we tested the performance of envipopulation
density
on conventional
monitoring
ronmental DNA detection in large water volumes using
rough
evaluation
of based
the2 amphibian
diversity
(P. fuscus: P < 0.01, R = 0.68; T. cristatus: P < 0.05;
streams and lakes inhabited by the Eurasian otter and
2
confirmed presence of species-specific DNA in 27% of
R = 0.40, Pearson’s product–moment correlation)
the sampled
(Fig. 2). The semiaquatic lifestyle and
(Fig. correlation
3).
positive
between eDNA quantification and
densitysites
evaluation
territorial
range of this mammal can account for
To examine
the R
performance
of cristatus:
environmental
2 = 0.68; T.
P < DNA
0.05; R2 large
= 0.40,
Pearson’s
(P. fuscus:
P < 0.01,
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(a)

(b)

Fig. 3 Environmental DNA quantification in natural ponds with Pelobates fuscus (n = 9) (a) and Triturus cristatus (n = 10) (b). Pearson’s product moment correlation between average number of DNA molecules and estimated population size in each pond. The line
shows linear regression, a: R2 = 0.68, P < 0.01; b: R2 = 0.40, P < 0.05.
! 2011 Blackwell Publishing Ltd
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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 confirms our field observations in an experimental setting.
Interestingly, DNA concentrations were consistently
higher for P. fuscus than for T. cristatus in both the coneDNA:
how and
longthethe
in the
trolled
experiment
fieldDNA
surveypersist
(Figs 3 and
4),

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
water
experiments support the conclusion that, despite rapid

Environmental DNA - persistence of eDNA in water

(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).
! 2011 Blackwell Publishing Ltd
Thomsen et al. (2011) Molecular Ecology

genetic tools in conservation
• genetics: interesting tools to answer several questions
‣ global genetic structure
-

species
ESU

‣ population history
-

phylogeny / phylogeography
bottleneck detection

‣ population structure
-

population differentiation / migration
inbreeding, inbreeding depression

‣ forensic
-

e.g. illegal hunting

‣ better understanding of the biology of the species
-

pedigree, paternity assignment

-

....

General conclusions
• genetics: interesting tools to answer several questions
BUT
• must be combined with other approaches
•

biology of the studied species

•

history

•

Population viability analysis (PVAs)
•

•

as well as combining with e. g. genetic impacts of inbreeding

...

for conservation, genetic is just an additional tool

