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Barrier effect
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Fencing

" 50-80% reduction of ungulate-vehicle collision — if well done ...
" Barrier effect of a fenced road > 90%

" Effect is species dependent

Number of AVC

v

unfenced fenced

Illustration: Lars laderberg

=> by default, fenced roads
must be regarded
as effective barriers
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Physical hindrances - Fences

" about 30% of major roads are fenced (speed, traffic volume)

® standard reduction in accidents: 80% moose, 60% deer, 55% roe deer, 50%
wildboar

=>» resulting barrier effect = 2 x

T

" factors affecting efficacy:
length a4
endings and openings
gates

stability

lustration: Lars |&derberg

BUT: fenced roads SHOULD be considered as potential barriersl_A
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15 e Moose
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Avoidance
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" Snow-tracking studies &
revealed declined crossing s
rates = increased avoidance 8
in ungulates as traffic volume a
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Traffic volume

0 2000 4000 6000 8000 10000 12000
Cars per average day

Seiler & Olsson, unpublished
Olsson & Seiler, unpublished

i TRIEKOL




Mortality
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® Non-linear effect of traffic volume and Tl
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2 4 -
A Q 5.
3} R — |
5: 50 km/h 70 km'h 90 km'h 110 km/h
S Speed limitation
g M
E 18 et
§ § 16 - M model-area
o 14 O test-area
=
> _‘é’ 12
Speed = 10 -
A S 81
g ¢
5
< :: 0|
E <2000 2000- 4000- 6000- =>8000
453 4000 6000 8000
2 Average no. of vehicles per day
B)

Traffic volume
Seller 2004 / TRIEKOL



Combined barrier model for moose

small mortality barrier
effect

y

Percent animals
attempting to cross

4000 10000
Traffic volume

redrawn from Seiler 2003, Helldin et al. 2010
£ TRIEKOL
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Animal response types

—killed — repelled — barrier —killed —repelled —barrier
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Criteria for potential barriers

Step 1. SE—

Identification of .
potential barriers Public roads

and rails

Traffic . Speed . .
volume Standard Design limits Bundeling Upgrading Land use
O ( ) ( ) ( ) ( ) ( ) ( 1
International with fences, . roads >2000
> 4000 cars highway > central road. at or railways
p er_day 2000 adt barriers, ... > 100_ km/h > 50 at ?: ;SCZA >300m outside
. - - . parallel for 4 paciy urban areas
> 80 tains Main railroad h rail: K ith plan 2012
er day ain railroa more than > 150 km/h m Wlt <
p > 50 tadt 1 lane 1km distance
. J g J . J . J . J g J . J

Potential barrier
for ungulates

L

Potential barriers =
roads that animals are not able / not allowed to cross
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Road barriers
Vehicles / day
<1000
—— 1000-4000
= 4000-10000
= > 10000
Markticke
Kalfjall
Oppen mark
Sankmark

Skogsmark

VANDRINGSHINDER
OCH BROAR

enligt Bristanalysen Klovvilt 2014

Datum: 2012-07-03 N

Skala (A3)71:6,000,000
a 35 70 14qu
© Lantmateriet, dnr 109-2010/2667
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Railroad barriers
Trains / day
<65
we=er 55 - 120
== 120 - 200
e > 200
Marktécke
Kalfjall
Oppen mark
Sankmark
A Skogsmark
Gothenburg ‘ AR e el = Vattenyta
| ; Tatort

1 .. 7
|____iLlansgrans

VANDRINGSHINDER
OCH BROAR

enligt Bristanalysen Klovvilt 2014

Datum: 2012-07-03 N
skala (43)71:6,000,000

0 35 70 149,

© Lantmateriet, dnr 109-2010/2667



STOCKHOLM

Gothenburg #

Potential barriers

Type of barrier
==+ Railroad
- Road

===+ Other )
— infrastrutcure

Marktacke
Kalfjall
Oppen mark
Sankmark
Skogsmark
\attenyta

B Tatort
D Linsgrans

VANDRINGSHINDER
OCH BROAR

enligt Bristanalysen Klévvilt 2014

Datum: 2012-07-03 N
Skala (43)1:6,000,000

1] 35 70 14000

© Lantmateriet, dnr 109-2010/2667



Road bridges and
tunnels

prim. function of passage

¢ Vatten

¢ Land

@ Tunneltak

= GC, djur
Enskild véag

@ Allmén vag
A Jarnvag
Potentiella barriarer
= JArnvag
— V&g
Landarea
Landyta
Vattenyta

OCH BROAR

enligt Bristanalysen Klévvilt 2014

Datum: 2012-07-03 N

Skala (A3)71:6,000,000
[} 35 70 149,
© Lantmteriet, dnr 109-2010/2667




Potentiella barridrer

Alla broar
Effektivitet fir dlg

= < 5%

T BA25%

25-50%

. 50-75%
() 75-100%
= QOvriga jarmvagar
—— Owriga végar
m L&nsgrans
P Tatorter

POTENTIELLA PASSAGE

anligl Eristanabysan Kldvyilt 2015

Calum: 2072-07-0% N
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Passage efficacy 1(2)

jg‘TmEKDL



Efficacy of “bridges”

® Passage size (with/length) is
crucial factor, given sufficient

height > 3m

»
>

Efficacy of passage

v

>
>

Efficacy of passage

Width

v

Length

Efficacy for moose

Efficacy for roe deer

1,0+

0,8

04-

0,2-

Efficacy moose

L]
Rz, = 0,378, N=29, F=18,07, p<0,0002

0,02 0,04 0,06 O,ﬁB 01 0,12 0,14 0,16 0,18 0.2

1,0

0,8

0,6 -

0,4

Ration of width*-2 / length

L] //"
. .
L] . .
. ]
P .
L] L £
o . ] Laertil .
g .
-
L ]
L . .
. L]
. ] }
Siee Efficacy roe deer:

Rez,q; = 0,243; N=52, F=17,41, p<0,0001

0,02 004 008 008 01 0012 0,14 0,16 0,18 0,2

Ration of width*-2 / length
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Efficacy of “bridges’

" Effect of
passage width and
passage height on
passage usage

by

ungulates.

Passage height > 3m.

»

Efficacy of passage

v

Openness

Efficacy for moose

Efficacy for moose

1,0#

0,64
0,44
0,24

0,04

U
1T4v v N\ e Width 6m
R }« --- Width 12m

0,8#

--- Width 20m |
— Width 30m

H#HOo# R0# BO#H #HOH HO#H HOH #H1#

1,04
0,84
0,64

0,4#

0,2#

0,0#

Passage length

... Length 36m
-- Length 30m

1747 ---Length 26m
17 — Length 20m

3# 11# 19# 27# 35# 434 51#
Passage width
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Potential passages

Phase 2
Identification of
potential passages

Bridge database

at
potential
barriers

Main purpose
Railroad Public road Private road,
path
traffic traffic

dry passage
<80 ADT <1000 ADT all all all > om

Visual
evaluation

Efficacy model
E=f(B/L)

'

Efficacy of
potential passage
for ungulates
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Passage efficacy 1(2)

Oh my Love, |
would go 500
miles for you!

... orjust the
square root of
your home
range ...

|

IEA TRIEKOL



Effective distance

allometrically scaled effect distance
= passage efficacy E * SQRT(Home range area)

compare Bissonette and Adair 2008

O open, high efficacy
. closed, low efficacy
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rel. effect- ' | o ; y {
d: t | I mitigated barrier mitigation required:
istance e . oy i ;
. within effect distance <, .
< 2km no mitigation required: remaining barrier > 2 km
remaining barrier
distance between two potential passages with known efficacy
1

<2 km |
' = max 2+2+2 km = 6 km

Passage with Passage with
low efficacy high efficacy

= Permeability = “proportion of potential barrier
without need for further mitigation”

Passage with
very low efficacy
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f‘ﬂ'r?d"; ;?::ge 8/ [. malpessager - Application example:
L mindre ] ' N .
1 effektiv P.ermeablllty anaIyS|.s for
\ passage highway E20 och railroad
aterstaende between Laxa och Finnerddija.
barriar < 2km
= inget ; Aterstaende barridrer
o . PASSAGEBEHOV ALG
atgardsbeh W o Foto: Google Maps och Google
' - StreetView 2014.
=3-3
- 2l =
. / for vilt \ Pot. passager
- .-Ffﬁnerodj a ! Broctickt
o v W &terstaende barriar ) ] e g
) | ‘av ca. 4 km, behov ) " e
| y
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L\\"“X - \ V » \ p g s Sko:smark
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A LA;, atgardat barriér L
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7 Gardsje/ e
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Aterstaende barriarer

gﬂﬂsmﬂf (alg)
0

1-4
5-10
1-17
18-30
Effektormade Alg
® olampliga / exkluderade
= lampliga / inkluderade
— Owriga vagar
== -fkriga iﬁmvﬂw
MARKTACKE
Kalfjall
Oppen mark
Sankmark:
' Skogsmark
Landskap
Vattenyta
B Tatort

B Titortsbuffer
[Jiansgrans
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Potential barriers Remaining barriers
(deficiencies in permeability)

W

( T TRAFIKVERKET

Potentiella barridrer
Permeabilitetsbrister
=== Railroads > 2km

= Roads > 2km

Landyta
KATEGORI

Vattenyta
Landskap

Vattenyta

B Titort

Tatortsbuffer

[T Lansgrans

BRISTANALYS FOR
KLOVVILT 2014

Datum: 20'

120703
Skaia (23)1:8,000,000
— A
© Lantmateriet, dnr 109-2010/2667




Remaining barriers per road

tength % resolved L L
resolved remaining reminaing

Length Max length of Count barrier Number of
passages

. : : . sections
barriers barriers barrier section needed

Roadnr. Total length

of barrier (km) barriers

80,9 27,9 hN
77,8 40,2 7
83,3 32,7 5
81,4 42,3 6
74,8 27,0 6
71,9 41,6 4
70,8 241 7
72,0 37,7 5
58,7 28,5 5
63,9 18,8 5
60,2 16,8 6
60,8 39,2 5
67,5 24,6 5




Remaining barriers per county

Blekinge lan
Stockhelms I&n
Vasternorrlands 1an
Sédermanlands l8n ‘
Véasterbottens lan |
Jonkdpings lan
Uppsala lan
Hallands 1an
Orebro lan
Ostergdtlands lan ‘

Gavieborgs lan

Railway p——
Road mm

Vdstra Gotalands lan

County

Vastmanlands lan
Skane lan |
Kronobergs lan |
Kalmar lan

Jamtlands lan

Dalarnas I&an
Norrbottens lan
Varmlands lan

Gotlands lan

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%
% av potentiell barridr atgardat eller utan atgardsbehov

% potential barrier WITHOUT need for mitigation 3 TRIEKOL



Ranking and prioritization

i Example road
Ranking Condition, measure, limit values (IO =

critera weight A B C

Length of remaining barrier

> 20 km 3

9-20 km 2 2

4-9 km 1 1 1

<4 km 0
Physical barriers (fences, noise walls, etc)

> 80% coverage 3 3

50-80% 2 2

< 50% 1 1
Trafic volume (ADT)

road > 10 000; rail > 100 4 4

road > 4 000; rail > 60 2 2

road < 4 000; rail < 60 0 0
Speed (km/h)

road > 100; rail > 150 3 3

road 80-100; rail 90-150 2 2

road < 80; rail < 90 0 1
Wildlife-vehicle collisions

hotspot (high cost-efficacy) 4 4

hotspot (low cost-efficacy) 3 3

no hotspot 1 1
Wildlife corridors

large-scale strategic corridor 5 &

locally known corridor 3 3

outside corridors 0 0
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Remaining barriers
[

<1 Mmin. number

”
y
& Lidk &
- e

1 pSkovie
bils B/ -3 of passages
Tpollhattag & & ;
NN - B:-s required
=] in 6-25
Kingalv MmN ; ) -— Ovriga vagar
Goteborg \\ Bolé\s/, ]fonko;rlngo “Huskvama /' 7 - g g
Vastra 0 Y 210 N === Ovriga jarnvagar
ot 7 e, e » ¢ Pot
(] (a2 'ot. passager
\ @ / - o Broobjekt
Vaiberg Yt ” o [ Effektomrade Alg
MARKTACKE
Faltef\belg Vaxjo
Liongby ; Kalfall
g Oppen mark
/ Sankmark
Jas 4 Skogsmark
S;f Landskap

| Vattenyta
I Titort

I Tatortsbuffer
f_u_j Lansgréns

VANDRINGSHINDER
OCH BROAR

enligt Eristanalysen Klawvilt 2014

Datum: 2012-07-03 N

Stala(asy 1 300,000
PR i
@ Lantm &teriet, dnr 109-201 /2667
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Landscape connectivity
and prioritization

Need for mitigation

@ High
V_ 2 Intermediate
Low

Remaining barrier
=g Jarnvag > 2km
m— \/3g >2Kkm
—— Ovriga vagar
=== Qvriga jarnvagar
Pot. passager

©  Broobjekt
[ Effektomrade Alg
Landskap
| vattenyta
B Titort

I Titortsbuffer

D Lansgrans

Konnektivitet

Simulerat flode H
A

- Lagt Circuitscape

<> Storskaliga korridorer

enligt Bristanalysen Klowilt 2014

N

Datum: 2012-07-03
Skala (A3 1:300,000
©Lantm ateriet, dnr 109-2010/2667
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UVC loca

tions

WVC 2010 - 2014
SPECIES

o Nooss
ildkoar
Fsllcw dear
Fezdd dezer
Romdzer

* & 8 O

Matioral rosds
Caunly roads

Fences

- Urban areas
B

1:200.000 A
-
M73s 3 45




UVC densmes

WVC 2010 - 2014
WWC per km

]
1:200.000 A

-
M73s 3 45




significant

UVC clusters (KDE+)

e

4

WVC 2010 - 2014
unzelected cluster
I @an. clustar
WVC per km
]
3-18
— 1G-25
—_— A0
— -85

Matioral rosds
Caunly roads

— Fence =

- Urban areas

]
1:200.000 A
-

oyds 3 45



KDE+ prioritized clusters

i %

Criteria for prioritization:

o UVC every year
UVC > 5/ km
Cluster length > 250m
- Cluster strength > 10%
b

Prioritized for
mitigation

WVC 2010 - 2014
unesezeted cluster

N sgn. clustar

Mational rozids

w Caunly roads

Fences

- Urban areas
-f’.; .

1:2049.000 A

-

oyds 3 45




attraction
(on the other road side)

impediment

WVC 2010 - 2014

mm— T e
SPECIES
@ Moose
@ Wildboar
@ Fallow deer
@ Roddeer
@ Roedeer
Hotspots
unselected
Prioritized
WVC per km
5
6-15
e 1 U
— 25-40
— 41-55

Mational roads
County roads
- Urban areas
N

1:100 000 A
Km

005 1 2 3



Benefit KDE
— very high

Cost-benefit of fencing UVC 2010 - 2014

1 -
high

existing fences

UVC per km and year

MNational roads

o, s - County roads

o - Urban areas

™
1:750,000 A
I I T
0 5 10 20



Remaining tasks:

" Define a realistic goals for permeability
20%, 50%, 80%, 100% -
what is needed — what is attainable?

adjust level regionally ? \:\;MM/\LZL‘S é:\ ‘x:‘;‘i

scale dependent ?

" Develop passages at grate
cost-efficacy of measures
innovative solutions
multiple target species

" Develop priority maps for connectivity
(strategic wildlife corridors)

" Validate the approach
simulation models ?

traffic mortality / accidents /
ﬁi TRIEKOL



National guideline for landscape

" Objectives/Requirements: —
SMART-goals =
all infrastructure shall be adapted to landscape

no wildlife shall be killed by transport facilities and
traffic

continuous increase of knowledge through
monitoring and research

landscape connectivity analysis for all new
investment projects required

targeted mitigation measures shall be accomplish:

along existing and new infrastructure RS

......

TRAFIKVERKET 2015. Landscape guideline (In Swedish: Riktlinje landskap) Swedish

Transport Administration (Trafikverket), TDOK 2015-0323.
[g‘ TRIEKOL



Thanks!

The studies were financed by the Swedish Transport Administration.
Download reports: www. TRIEKOL.se
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