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Predator – prey interac?ons
Changes in prey density = f(prey density,
resources for prey, predator density)
dN/dt = f(N, V, P)
Changes in predator density = f(predator density,
prey density)
dP/dt = f(P, N)
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Predator – prey interac?ons
Bo6om - up
dP/dt = f(N)

dN/dt = f(V)

Sinclair et al. 2000 Oikos

Predator – prey interac?ons
Top - down

dN/dt = f(P)

dV/dt = f(N)
Sinclair et al. 2000 Oikos
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Predator – prey interac?ons
Interac/ve
dP/dt = f(N)

dN/dt = f(P, V)

dV/dt = f(N)
Sinclair et al. 2000 Oikos

Predator – prey interac?ons
Interac/ve with feedbacks
dP/dt = f(P, N)

dN/dt = f(N, V, P)

dV/dt = f(V, N)
Sinclair et al. 2000 Oikos
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Predator – prey interac?ons
Human impact

How can humans aﬀect
predator – prey interac?ons
Changes in prey density =
f(prey density, resources for prey, predator density)

Human ac?vi?es
Changes in predator density =
f(predator density, prey density)

Human ac?vi?es
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(livestock-guarding dogs, night corrals, and shepherds), as well as to invest in new techniques (electric
fences) as an important nonlethal tool to minimize large carnivore depredation on livestock (24).
The most severe challenges for large carnivore
conservation are in countries where large carnivores have previously been extirpated, where
the adaptations for coexistence have been lost, or
where husbandry practices have evolved toward
new production schemes. In such contexts, the
return of large carnivores can trigger social conflicts. For example, poaching enjoys social acceptance in rural areas of Norway (25), limits the
recovery of wolves in Scandinavia (26), and eradicated a reintroduced bear population in Austria
(27). In these areas, the practical challenges and
economic impacts of carnivore conservation have
escalated into social conflicts, where the carnivores have become symbols of wider political
divisions between rural and urban populations
and between individuals and groups with fundamentally different value orientations and interests.

At present, there is a conjuncture between many
policy areas combined with a generally supportive
public opinion, so that the positive forces have
been prevailing. However, the underlying negative forces are still present and could reemerge as
a result of ecological, social, political, or economic changes. There is a need to monitor both the
ecological situation and sociopolitical climate to
ensure that the current trends are maintained.
The European experience offers hope for wildlife conservation in human-dominated landscapes
and is relevant to other areas of the world. Although developing countries may lack many of
the institutions and capacities that have enabled
large carnivore recovery in Europe, there are other
examples of large carnivores persisting and recovering in human-dominated landscapes and even in
cities (17, 28, 29). Clearly, the presence of large
carnivores in human-dominated ecosystems is associated with modified ecological conditions that
deviate from conditions in areas with little human activity. However, the fact that such species

Human dominated landscape
Large carnivores
Human density

can persist in these novel ecosystems encourages
optimism for the conservation of larger and more
connected large carnivore populations.
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Chapron et al. 2014
Fig. 1. Distribution of large carnivores in Europe in 2011. Brown bears (top left), Eurasian lynx
(top right), gray wolves (bottom left), and wolverines (bottom right). Dark blue cells indicate areas of
permanent occurrence, and light blue cells indicate areas of sporadic occurrence. Numbers refers to
population identifications in tables S1 to S16. Orange lines indicate boundaries between populations.
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USA (“lower 48 states”)

4.3 million km2

8 million km2

97 people/km2

40 people/km2

11 000 wolves

5 500 wolves
Chapron et al. 2014
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Human related eﬀects on the
predators
• Domes?c prey
• Hun?ng carnivores
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Eﬀects of domes?c prey

Brown bear – preying up reindeer and moose calves

Kindberg et al. 2012

Eﬀects of domes?c prey

10

15

20

Family groups Winter
Family groups Summer

5

Solitary lynx Winter
Solitary lynx Summer

0

Kill rate (n/100 days)

25

30

Lynx – roe deer func?onal response (Type II)

0

2

4

6

8

Roe deer density index (n/km2)

10

Nilsen et al 2009 J.Anim.Ecol.

7

05-09-2017

80

Popula?on model
Nt+1= λ * (Nt-Ht)
Nt = FG * 6.1

40

60

Growth 1.25 ± 0.035

20

Mean harvest 20 %

0

Number of Lynx Family Groups

100

Eﬀects of carnivore harvest
Numerical response - Lynx in Norway

2000

2005
Yearsyear
Survey

2010

2015

Andrén et al. Manuscript

Predator – prey interac?on
Wolf re-coloniza?on – moose harvest

Reduction of Hunter Harvest in Presence of Predators

“Before a wolf territory”

“Aler a wolf territory”
Control
Before
Aler

Wikenros et al. 2015 PLoS ONE

8

05-09-2017

Predator – prey interac?on
Lynx – roe deer

3
2
1
0
−1

Standardized values

−2

Roe deer
popula?on
dynamics

Roe deer
Harvest
Snow

1985

1990

1995

2000

2005

Year

Lynx re-coloniza/on

2
1
0
−1
−2

Standardized values

3

Roe deer
Voles
Red fox

Andrén and Liberg 2015 PLoS ONE

1985

1990

1995

2000

2005

Year

9

05-09-2017

0.4
0.2

No lynx

0.0
−0.2

Roe deer growth rate (r)

Roe deer popula?on dynamics:
eﬀects of both roe deer density and lynx

•
With lynx
0.0

0.1

0.2

0.3

0.4

0.5

Roe deer density index
Andrén and Liberg 2015 PLoS ONE

!
!

Lynx – roe deer interaction
7 biogeographical regions

!
!
!

Roe deer

!
!

(harvest statistics)

!
!
!

Lynx

!

Region'1
Region'2
Region'3
Region'4
Region'5
Region'6
Region'7
Region'8
Region'9

(monitoring)

!

Andrén et al. Manuscript

!

10

05-09-2017

8
6
4
0

2

Density of family groups

6
4
2

2005

2010

1995

2000

2005
Year

Region 55
Region

Region
Region66

2010

6
4

Lynx density (•)
Roe deer proxy

0

0

2

4

6

Density of family groups

8

Year

2

1995

2000

2005

2010

1995

2000

Year

2005

2010

Year

Andrén et al. Manuscript

Lynx numerical response

0

2

4

6

8

Roe deer density (n/km2)

10

1.4
1.2
1.0
0.8

0.8

1.0

Region 6

0.6

1.2

1.4

Region 4

0.6

Growth rate (lambda)

log ! = !! (!"#$%&) + !! !!! log(!"#!!""#) + ! !! ! !"#$ !

Growth rate (lambda)

Density of family groups

0

2000

8

1995

Density of family groups

Lynx – roe deer
interac?on

Region44
Region

8

Region
Region 22

0

5

10

15

20

Lynx density (n/1000 km2)
Andrén et al. Manuscript

11

in Norway are well known to occur in fragmented and
disturbed areas (Mysterud 1999). Indeed, in our study area,
roe deer abundance positively correlated with human
density and roads density up to very high thresholds.
Concerning road density, the optimum for roe deer was
about two times higher than for lynx (corresponding to
0.4!0.6 and 1 km of roads km "2 for lynx and roe deer,
respectively). Even more important, the human density
optimum was about 30 times higher for roe deer than for
lynx (corresponding to 2.3!6.5 and 136 inhabitants km "2
for lynx and roe deer, respectively). Roe deer were therefore
much more tolerant of human disturbance than lynx, and
could therefore sustain themselves in most converted areas.
These results supported our third prediction and suggest
that some areas used by lynx could potentially function as
‘‘attractive sinks’’ (sensu Delibes et al. 2001); attractive due
to the presence of abundant roe deer, but sinks because of
mortality risks caused by the proximity of people. Despite
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Lynx and roe deer

Lynx selec?on ra?o

Lynx selec?on ra?o

Eﬀects of human and road density

Figure 4. Lynx selection ratios (thick lines) and roe deer
abundance (dashed lines) for (a) public road density, and (b)
human density. For roe deer abundance, 95% confidence intervals
of the predictions are provided. The grey bins indicate lynx and
roe deer optima. The x axis has been transformed prior the analysis
to match the scale transformation of Fig. 3, i.e. with a square root
function for (a) and a log function for (b).

In forest-farmland landscape - not all roe deer are available
for lynx (prey refuge)
Basille et al. 2009 Ecography
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Predator – prey models

Figure 3. Ratios of density of used pixels over density of available
pixels for different environmental variables. The observed ratio is
Figure 4. Lynx selection ratios (thick lines) and roe deer
represented by a thick line and should be compared to the random
abundance (dashed lines) for (a) public road density, and (b)
distribution with its 95% confidence interval in grey. The
human density. For roe deer abundance, 95% confidence intervals
horizontal line at y #1 indicates a null selection. (a) Roe deer
of the predictions are provided. The grey bins indicate lynx and
abundance. (b) Public road density. (c) Human density. For
roe deer optima. The x axis has been transformed prior the analysis
reading convenience, the x axis has been square root transformed
to match the scale transformation of Fig. 3, i.e. with a square root
A Changes
inforprey
for (a) and (b) and log-transformed for (c).
function
(a) and a log function for (b).

dN/dt = f(N, V, P)

Changes in prey density = f(prey density, resources for prey, predator density)
689

Predator density

f density of used pixels over density of available
environmental variables. The observed ratio is
ick line and should be compared to the random
its 95% confidence interval in grey. The
y #1 indicates a null selection. (a) Roe deer
ublic road density. (c) Human density. For
ce, the x axis has been square root transformed
d log-transformed for (c).

for lynx and roe deer, respectively). Roe deer were therefore
much more tolerant of human disturbance than lynx, and
could therefore sustain themselves in most converted areas.
These results supported our third prediction and suggest
that some areas used by lynx could potentially function as
‘‘attractive sinks’’ (sensu Delibes et al. 2001); attractive due
to the presence of abundant roe deer, but sinks because of
mortality risks caused by the proximity of people. Despite

Prey density

12

05-09-2017

Predator – prey models
dP/dt = f(P, N)

Predator density

B Changes
in predators
Changes in predator
density = f(predator
density, prey density)

Prey density

Predator – prey models
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C Predator−prey dynamic

Prey density
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Predator – prey models
C Predator−prey dynamic
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