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HOW DO WE WORK:

Understand MECHANISMS of reindeer-human coexistence

(data modelling — largely based on reindeer GPS data)

\a

PREDICT reindeer behaviour in a scenario approach

.

Develop tools to aid sustainable LAND-PLANNING, MITIGATIONS, OFF-SET....



DATA MANAGEMENT TOOL: SAM - SPATIAL DATABASE FOR ANIMAL MOVEMENTS

> 250 reindeer GPS data Climate, Habitat, infrastructures..

Open source, free

DataBase
Manager

Dyreposisjoner

Remote sensing

Enriched tracking data Trajectory L]

Analysis results
Intemet

Software clients
;_J", BE on z‘ TAre o {8 {pgAdmin 11

Daa Raster data SaL Interface/
query and management management visualization DB management

NINA WIKI Cagnacci & Urbano 2015

Data Output = Explain Messages History

animals_id acquisition_time longitude latitude the_geom x_utm32 y_utm32 reindeer_areas_id sun_angle altitude_dem_25 temperature_nve closest_cabin lc_norut
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Searching for the fundamental niche using individual-based habitat selection

modelling across populations
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REVIEW: Can habitat selection predict
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Understanding scales of movement: animals ride
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WHAT HAVE WE LEARNED?
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Movement is the glue connecting home
ranges and habitat selection

Bram Van Moorter &, Christer M. Rolandsen, M How many routes lead to migration? Comparison of methods to assess and
e ! y characterise migratory movements

Jean-Michel Gaillard

127

Francesca Cagnacci Stefano Focardi®

Anne Ghisla®, Bram van Moorter®, Evelyn
Merril® Eliezer Gurarie”®, Marco Heurich®,
Atle Mysterud™0, John Linnell®, Manuela
Panzacchi®, Roel I‘u‘layrs Torgeir I‘Jygard5
Christer Rolandsen? and Mark Hebblewhite

RESEARCH ARTICLE Journal of Animal Ecology
: = Accepted Article (Accepted,

unedited articles published
online and citable. The final

arning from the past to predict the future: using edited and typeset version of

archaeological findings and GPS data to quantify reindeer
sensitivity to anthropogenic disturbance in Norway 1“‘\
Per Jordhey - Olav Strand @5 s J

.

SPECIAL FEATURE: STUCK IN MOTION? RECONNECTING QUESTIONS AND TOOLS IN
MOVEMENT ECOLOGY

‘You shall not pass!’: quantifying barrier permeability
and proximity avoidance by animals

Journal of Animal Ecology 2014 foi: 1(

Stuck in motion?

Reconnecting questions and tools in movement ecology

Hawthorne L. Beyer'*, Eliezer Gurarie?®, Luca Bérger?, Manuela Panzacchi®, Mathieu
Basille®, Ivar Herfindal’, Bram Van Moorter®, Subhash R. Lele® and Jason Matthiopoulos®

VERY short, very simplified version: wild reindeer tend to avoid all sources of human disturbance

However, the devil is in the details!! Their response depend on...
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1. TYPE OF DISTURBANCE



EFFECT OF ROADS (10.635 km of roads within reindeer areas)

Roads shape reindeer distribution

= Strongly avoided in all seasons and areas, up to: [RSF - SSF]
- 10-15 km - public roads

- 1 km (winter), 5 km (summer) — private roads

= Reduce landscape permeability of 44-100% [Movement Kernel]
—> Hamper migration [Net displacement]
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EFFECT OF TOURIST CABINS, HICKING TRAILS

CABINS (299 DNT + 42.925 private cabins)

= Avoided in all areas (high d), especially in summer

= Large tourist cabins (DNT) built along traditional migration corridors can stop migrations:

HIKING TRAILS (7.850 km)

= Negative, significant, but highly variable effects

1 tourist cabin

1 hydroelectric dam

1 km power line

Probability of use
of traditional
movement corridors

[RSF - SSF]
[Path Analysis]

[RSF, SSF, Path Analysis]

Panzacchi-Van Moorter et al. Ecography, 2015
Panzacchi et al, J anim Ecol 2015
Panzacchi et al, Land. Ecol, 2013
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2. INTENSITY OF DISTURBANCE



N PEOPLE WALKING
ON TRAILS

RONDANE, SUMMER

Ferdselsintensitet uke 24
Inntil 1 person om dagen
Inntil 1 person i timen
Mellom 1 og 3 personer i timen
Mellom 3 og 5 personer i timen
Mellom 5 og 8 personer i timen
Mer enn 8 personer i timen
Mer enn 16 personer i timen

Mer enn 32 personer i timen

V. Gundersen

p
10 Kilometers




N PEOPLE WALKING
ON TRAILS

RONDANE, SUMMER

Ferdselsintensitet uke 32
Inntil 1 person om dagen
Inntil 1 person i timen
Mellom 1 og 3 personer i timen
Mellom 3 og 5 personer i timen
Mellom 5 og 8 personer i timen
Mer enn 8 personer i timen
Mer enn 16 personer i timen

Mer enn 32 personer i timen

V. Gundersen

p
10 Kilometers




N PEOPLE WALKING
ON TRAILS

RONDANE, SUMMER

Ferdselsintensitet uke 39
Inntil 1 person om dagen
Inntil 1 person i timen
Mellom 1 og 3 personer i timen
Mellom 3 og 5 personer i timen
Mellom 5 og 8 personer i timen
Mer enn 8 personer i timen
Mer enn 16 personer i timen

Mer enn 32 personer i timen

V. Gundersen

p
10 Kilometers




EFFECT OF TOURIST VOLUME ON REINDEER SPACE USE

> ca. 100 people/day*
NON-TRAVERSABLE
BARRIER

< ca. 2 people/day*
.. It’s «OK-ish»

> ca. 15 people/day*
Becomes difficult for reindeer
to traverse the trail
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* Numbers refer to Trail Use Index, which roughly represents twice the number of people walking along a trail Panzacchi et al in prep



CUMULATIVE EFFECTS

Effect of spatial correlation among infrastructures



DIRECT, INDIRECT, CUMULATIVE EFFECTS

1 tourist cabin 1 tourist cabin

1 km tourist trail % 1 km tourist trail

0
o
1 hydroelectric dam Probability of use 1 hydroelectric dam Probability of use

of traditional of traditional

: olo movement corridors - o movement corridors
1 km power line 1 km power line >

Path analysis,

DIRECT EFFECTS: - road: -46% CUMULATIVE (ADDITIVE) EFF. e.g: -1km road: -3%
(e.g. 1 km) - DNT cabin: -100% (e.g. 10 km) - 10 km road: - 25%

-10 km road + DNT cabin : - 51%

INDIRECT EFFECTS: - power line

- private cabin
- Reservoir

Panzacchi et al 2013, Land. Ecol.



OPTIMAL VS. SUBOPTIMAL HABITATS

(HOW TO IDENTIFY THEM?)



TRADITIONAL HABITAT SELECTION APPROACH

Compare used to available habitat
(within each population) using RSF

Climate

7 independent, Habitat Preference Maps

LIMIT: Mosaic of Realized Niches
—> can’t compare preference among pop.
due to different availability



SCALING UP HAB MODELLING ACROSS POP TO APPROXIMATE THE FUNDAMENTAL NICHE

Fund. Niche can be viewed as a
generalization of all Realized Niches of the
: « ‘ species’ populations, and may thus be
Norefjell Fundamental niche approximated by the combination of all

Nordfjella - measurable niches

Realized
niches

snghette (Whittaker et al. 1973)
Rondane N.

* CLR with log-link function. Used points conditioned to available points within available area
* Relevant variables modeled using a Gaussian curve to estimate NICHE OPTIMUM (curve mean) and NICE BREADTH (variance)
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Use . ﬁ _
variable; 12 variable;

 Human disturbance; B Environmental
1

Available ~ & T Bo (different scales) +.+ &

vy o

Niche _ Niche

2' =pP10 -1/(2 m
AN optimum P! Breadth /(> P2 A

Panzacchi-Van Moorter et al. Ecography, 2015



APPROXIMATION OF THE FUNDAMENTAL NICHE OF WILD REINDEER IN NORWAY

~ “Optimal habitat”, i.e. hab. reindeer would choose if they could move freely (no barriers)

=> Allows to identify gradients in habitat quality across the distribution range

WINTER SUMMER
SR \

Poor

B OPTIMAL
SUB-OPTIMAL Panzacchi-Van Moorter et al. Ecography, 2015




DOES THE «APPROXIMATION OF FUNDAMENTAL NICHE» REFLECT FITNESS? IT SEEMS SO!
(Nilsen et al. in prep):

1) Identify Population-specific Carrying Capacity k
- Data: Minimum Counts (aerial transects), harvest data (6 pop, 1960- )
- Approach: Cross-population Theta-Logistic State Space models:

*  Observation model - accounts for environmental stochasticity & measurement errors
*  Population dynamic model

2) Set of models explaining k using population effects, total available area, winter/summer range, «fundamental niche models»..
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HOW TO IDENTIFY MOVEMENT CORRIDORS?



HOW TO IDENTIFY MOVEMENT CORRIDORS: STEP 1 — QUANTIFY LANDSCAPE FRICTION TO STEPS

To which degree each landscape feature can be traversed by a “step”?

Step Selection Function - CLR

ol
l

observed step

Panzacchi et al, J. Anim. Ecol. 2015



HOW TO IDENTIFY MOVEMENT CORRIDORS: STEP 1 - LANDSCAPE FRICTION MAP

Spring migration (April-May)

P (crossing) natural lakes (24%) >> P (crossing)
reservoirs (2%): (frozen) lakes can be traversed, while
reservoirs are an almost impermeable barrier

Barrier TO STEP

Easy to traverse
Panzacchi et al, J. Anim. Ecol. 2015



HOW TO IDENTIFY MOVEMENT CORRIDORS: STEP 2 — RANDOMIZED SHORTEST PATH

We know where migration starts and ends & how permeable is the landscape in between

... but which way do reindeer walk?

OPTIMAL MOVEMENTS
«as the fox runs»

RANDOM WALK
«the drunkard’s walk»

— . —
(//é (/—H\ﬁ_x

e.g. Current Models, Diffusion
Models, Agent Based Models

e.g. Least Cost Path,
Network-flow Models

EXAMPLE: Setesdal Austhei area Panzacchi et al, J. Anim. Ecol. 2015



HOW TO IDENTIFY MOVEMENT CORRIDORS: STEP 2 — RANDOMIZED SHORTEST PATH

RSP bridges the gap between LCP and random-walk based approaches.

It identifies paths based on a given degree of randomness in animal movements
(controlled by the parameter O):

© = 20 (Least Cost Path) © = 0 (Random Walk)

Sensitivity analysis to find © values that best match the observed reindeer movement pattern
Panzacchi et al, J. Anim. Ecol. 2015



STEP 3: RSP SENSITIVITY ANALYSIS & VALIDATION

During migration reindeer move neither optimally nor at random - intermediate behaviour

CQBRIDOR ROAD CROSSING POINT

Observed movement area

(Brownian Bridge) Observed crossing point

Best prediction

Best prediction:
Intermediate ©

km 9-14

Worst pred.:
km 22

Worst prediction - LCP

Panzacchi et al, J. Anim. Ecol. 2015



WE CAN PREDICT THE CORRIDOR-BARRIER CONTINUUM DURING MIGRATION

Highest probability
of flow: CORRIDOR

0 P(flow): BARRIER

O GPS locations

APPLICATIONS:

* Support sustainable land planning: forecast changes in movement routes following changes in
infrastructure network

* Identify cost-efficient mitigation /defragmentation measures

Panzacchi et al, J. Anim. Ecol. 2015



HOW CAN OUR PREDICTIONS BE USEFUL?




IN CONCLUSION, WE CAN PREDICT:

Effect of different Where is optimal Where is it more Where are
types of disturbance habitat difficult to move migration corridors

WE CAN PREDICT THE EFFECT ON REINDEER OF:
- CHANGES IN THE NETWORK INFRASTRUCTURES
- CHANGES IN LAND USE, CLIMATE
- MITIGATION- OFF-SET —MEASURES

— WE CAN ASSIST SUSTAINABLE LAND PLANNING,

to allow reindeer and human to coexist in the future



