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Who am I¢

MSc (2002-2007) and PhD (2008-2013) studies at
University of Jyvaskyld

» Research: Arctic charr and food webs in subarctic lakes
» Post-doc in HydroBalance project (03/2014-06/2017)
» Now researcher at NINA Trondheim
» Parficipated some in Finland and

planning new culvert projects




Culverts and small streams:
numerous but neglected

» Small streams vital for fish population and ecosystem health

» spawning and nursing habitats for various species
it
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Culverts and small streams:
numerous but neglected

» spawning and nursing habitats for various species

» Culverts have become a very hot topic

» nternational and national environmental agreements

Search results in Web of Science:
"culvert AND fish" OR "road AND fish" as Topic

——Number of hits per year
- Cumulative number of publications

- 900
- 800
- 700
- 600
- 500
- 400
- 300
- 200
- 100

o

» Small streams vital for fish population and ecosystem health

» nfluence water and habitat quality in connected ecosystems

Total number of publications



Extent of the problem

» ReMiBar project in Norrbotten and Vasterbotten (Schonfeldt 2017)
» 5000-8000 (30-50%) culverts are barriers 2 2-5M m?2 negatively impacted

B
WATORA oT1

(EAREMIBAR

riverine species — removal of _
300 barriers in northern Sweden -

The Remibar project will restore streams by removing
migratory barriers for fish and ather aquatic animals in
northern Sweden. By remaving 300 migratery barriers in
five large water systems, we strengthen biodiversity.

A Otter monitoring

ne of our passages for small animals
under bridges. The picture of an oiter
s ke by surveillanoe camera.

The tatal cost of the project is estimated to be 81 million eurc, half of which is financed by the ELbs LIFE+ nature fund.
Leam more about the Remibar progect at wwwirafilverket.sa/remibar_on




Extent of the problem

» ReMiBar project in Norrbotten and Vasterbotten (Schonfeldt 2017)
» 5000-8000 (30-50%) culverts are barriers 2 2-5M m?2 negatively impacted

www.nina.no
Bergan (2015) NINA Rapport 1141
. . Fiskevandri forbi veik i i sma
= 34% of culverts block sea frout migrations ™! vassaragi Sor-Trandeiag, vannregion

Trendelag

Gjennomgang av eksisterende kartlegging, kvalitetssikring og
fremskaffing av nye data for sma vassdrag som krysser Statens
Vegvesens prioriterte veistrekninger i Ser-Trandelag

Morten Andre Bergan

NINA Rapport

@ NINA Norsk institutt for naturforskning




Extent of the problem

» ReMiBar project in Norrbotten and Vasterbotten (Schonfeldt 2017)
» 5000-8000 (30-50%) culverts are barriers > 2-5M m? negatively impacted

Bergan (2015) NINA Rapport 1141

» 34% of culverts block sea trout migrations

oranta & Eloranta (2016) .

» 30-40% of >1000 culverts studied in central

and northern Finland are barriers RUMPURAKENTEIDEN YMPARISTOONGELMAT,
NIIDEN EHKAISY JA KORJARMINEN

= ~90 000 water crossing culverts in Finland " KESKISUOMALAINEN PILOTTITUTRINUS
e o o o o o

Anssi J. Eloranta & Antti P. Eloranta




Bergan (2015) NINA Rapport 1141

» 34% of culverts block sea trout migrations

oranta & Eloranta (2016)

» 30-40% of >1000 culverts studied in central
and northern Finland are barriers

» ~90 000 water crossing culverts in Finland

» Corresponding results around the world

fish habitat
feature

ABSTRACT

Extent of the problem

» ReMiBar project in Norrbotten and Vasterbotten (Schonfeldt 2017)
» 5000-8000 (30-50%) culverts are barriers > 2-5M m? negatively impacted

Loss of Fish Habitat as a Consequence
of Inappropriately Constructed
Stream Crossings

In the light of declines in Atlantic salmon (Salmeo salar} stocks, we sought to determine
the extent to which stream crossings along a newly construeted section of the Trans
Labrador Highway (TLH Phase II} in southern Labrador accorded with government reg-
wlations for fish habitat protection. We surveyed crossings of permanent streams over
a 210 km road segment, containing 4 bridges and 47 culverts. Fifty-three percent of cul-
werts posed problems to fish passage, due to poor design or poor installation. We
conjecture that cost and inad, i ight in the field explain the
wieak compliance with the relevant fisheries guidelines. Our research has prompted the
federal regulator to instigate remediation of problems with the Phase Il part of the
highway. In addition many of the planned stream erossings for Phase 1 of the TLH were
re-designed, and a commitment to careful monitoring of the installations has been
made by the federal regulator in ion with the indi i i

Introduction

Although guidelines for stream crossings are
., emiseress and priority of costs commonly
to poor design and installation in 3 signifi-
cant nusnber of cases. The negative effects
culverts and poor co
cromings have long been recornded (c.g., McClellan
1970; Dy 1 Jessap 1974; Jorwes et al. 1974;
Larson 1976). Culvens creats more bastiers 1o fish
pasage than other sructures, but due w cost
restraints corngared metal pape cubverrs are fre-
quently installed instead of more environmeneally
benign bridges (Warren and Pardew 1998; Harper
and Cighey 2000). A recent ULS. Congressional
Genesal Accounting Office repose (26TILOZY
noted that the US. Forest Service and the
Buresu of Land Management estimated that over
10,000 culverts exist on fish-bearing streams in the
states of Wishington and Oregon. Although nei-
ther agency knows the total number thar impede
passage, their efforts have identified abean
culverts that are barsers 10 mi
they speculated that m

m

P pracTices At st

Wk i ot MR 18 morid e exist, Simmibacly, the Alskn Department of Fish and
Came reposted that 66% of the culverrs in salman
streams in the Tonges National Forest may he

: inndequare foe fish passage, and B3% of the culvens

R. John Gibson axross trout stresms may be likewise (Flanders and

Richard L. Haedrich Cariello 2000). A baweding docusient by Thout

C. Michael Wernerheim

Unlimited {]. Konigsherg, Troat Unlimited,

Ancharage, Alaska, pers. comin.) reported that one

The authors are all at the “Coasts Under Stress” Ressarch Project, Memorial — of the more significans threats to Alaska's wild

University of Newfoundiand, St John's, Gibson IS @ scientiss emertus in the  wlmon was baericrs created by calvens, <

assing loss

Dupartment of Fisharies and Oceans and an adhunct professor in the af spawning and rearing habitars upste
Biolagy Department; Haedrich is a university research professos in the Irv o recent study of 50 randomly-selected cul-
Bioagy Department: snd Wemerheim is an associate professor of eoo- vens in Nova S Langill ardd Zamors (2002)

nomcs. Gibson can be reached at rgibson@nt sympatica.ca found that 58% were barriers to fish migration.

1]

Fisheries | wiiw.fisheries org | val 30 e 1



Extent of the problem

ReMiBar project in Norrbotten and Vasterbotten (Schonfeldt 2017)
» 5000-8000 (30-50%) culverts are barriers > 2-5M m? negatively impacted

Bergan (2015) NINA Rapport 1141 N Trondheim
. . F1l<l<(//;%{-_?__f/x ﬁ‘;ﬁ_{m”arﬂunk : Lade
» 34% of culverts block sea trout migrations f,,f—%i‘;;t S
oranta & Eloranta (2016)
- . ';II,; Stor'hc.ifl (‘,.m"nlla Lian BYSJII:‘C ‘N gval W
= 30-40% of >1000 culverts studied in central ﬁ _j/

and northern Finland are barriers
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» ~90 000 water crossing culverts in Finland

Corresponding results around the world

Despite increased awareness, poor
culverts are still installed!

‘‘‘‘‘‘



New road crossing Ratbekken in 2017

;



https://www.youtube.com/watch?v=dtuIXfAjOhI

Migratory sea trout in October 2017

g - - L : : ; i ;
‘.J;.' M— - ! 1 : ! o r&

https://www.youtube.com/watch?v=KUHGEuWL3Y4



https://www.youtube.com/watch?v=KUHGEuWL3Y4

Tana/Teno probably not the most
problematic watercourse...
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Tana/Teno probably not the most
problemohc Wo’rercourse...
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Tana/Teno probably not the most
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Tana/Teno probably not the most
problematic watercourse...
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An example from my "backyard”
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An example from my "backyard”




An example from my "backyard”




An example from my "backyard”

@® Road-river crossing




Typical problems:




Typical problems:
Barriers at culvert end(s




Typical problems:
Trash at culvert end(s




Typical problems:
High water velocity

‘/

D. Block




Typical problems:
Lack of bottom substrate




Typical problems:
Low water depth

= o




Typical problems:
lce formation




Typical problems:
Erosion and hydrological problems

E.Niemelé

%




Typical problems:
Estethic problems




What to doe
Crucial things to consider

Prioritize important watercourses and road crossings

» Fcological and socio-economic values
» Suitable habitat for migratory fish, pearl mussel, otter etc.2
® |mportance for river continuum

J » Highest priority at downstream sites

Main outlet




What to doe
Crucial things to consider

Prioritize important watercourses and road crossings

» Fcological and socio-economic values
» Suitable habitat for migratory fish, pearl mussel, otter etc.2
® |mportance for river continuum

» Highest priority at downstream sites

» Consider other migration barriers

» Dams, weirs, frash racks etc.




What to do?¢
Evaluation

1) Evaluate connectivity of the watercourse
2) Indicate potential man-made and natural barriers

3) Use GIS tools together with field surveys

@ mmem obo

. . Vupdenalkabecn psin -_— _'.

Some electronic maps & aerial photos o e 24
» hitp://www.norgeskart.no e st ?= i
I el Pl
»Nifps.//www.norgeibilder.no g [ﬁetjoaia;ga;"

» h{fps://kart.finn.no

» Citps://www.retkikartta.fi

®» h{fps://asiointi.maanmittauslaitos.fi/karttapaikka



http://www.norgeskart.no/
https://www.norgeibilder.no/
https://kart.finn.no/
https://www.retkikartta.fi/
https://asiointi.maanmittauslaitos.fi/karttapaikka/

What to do?
Evaluation: GIS tools

» Map potential barriers and/or prioritize mitigation actions

» Stream and road networks, elevation models, catchment
properties, fish community, field-survey data etc.

» GIS approach used in ongoing INVAFISH project at NINA

=N

Prioritising culvert removals to restore habitat for at-
risk salmonids in the boreal forest

ty and Distributions, (Oversey Distnk ) {2014 20, 1414-1424

Predicting road culvert passability for
migratory fishes

s -Hartlew'™, Matthew Diehel®, Patrick [, Domn®
and Peter B Melatyre!

!F:':ieen'.ss Management and Feafogy, 2006

Stephanie B, Ja

ABSTRACT

Aim D goal was o i
lez dres and ematles seater city, {20 three fish swimming groups nsing rems-

f . tely ected environmental variablss that have besn thown o nfleence de B M MA'TLAND&M POESCH

;s Micivigan Chapeer and Grear passablity of road culverts,

Lakys Brife, Lansing W7 48506, USA Locatio Luursatian Grest Lakes Batin, north-ssitenn North Amesice] on (e Department of Remewable Revources, Untversity of Alberta, Edmenton, AB, Canade

it road culvert pas

5 defined by cul

Canada-1/54 border.
Mathods We penerated o boosted regression tree models, one for road oul-

art ouflet diop and one each for the three oolvert owtled water velocities, and A . E . A N D E R S O N
ced the probabilicy of impassable rsad cubverts on low-order streamns . L . .
Sosbler 1-2) based on the madels Ind : iables in fhe rmodels Deparmment of Renewable Resources, Unive of Albera, Edmonton, AB, Canadae
incudzd the the culvert, stream Warer Program, FRI Research, Hinton, AH, Conada

segraent gradiens and

Results Gradient of the stream ssgment was the most imporaet predicer in
the sader drog model, while wstream drzinage area was the mos imparant

predictor in e Guve water velacity madel. A majoaity of road cubrats on Abstract In the boreal forests of Cemada industrizl development has resulted in the installation of thowsands of
losw-order ctreams are estimated o be pasable even for weaker swimming A . . - . - - .
ficher. Modernte 1o highly impassable road culverts are distributed acroes many culverted road crossings that act as barders o fish movement and degrade habitat for native freshwater fishes, In view
Iovw-arder streams thrvughout the badin, bt perticalar regions are prediceed to of crlvert removals being expensive, prioritisation methods have been developed, but the efficacy of such methods has
have higher densities fan sthers due to topogrzphy. net been thoreughly investigated not have they been tested on low-gradient boreal forest watersheds containing at-tisk
Main conclusions Fredicted passabiliny of roed culvers by migratery fish i salmenids, The ma it wtility of a nevel GlS-based optindsation-planning  1oel 1o prioritise (ish  barier
related t2 netural gradisot: in topegraphy and stream sizs. While the probabil- temediation was tested in two highly developed watersheds. Region-specific parameter estimates of menetary vadables
iy of an b2 culvert being impacsable i low, Cae B o '“’['3 fep. brdget, individual battier remediation costs), battier passability and biologically relevant information for species
sid be wed &f‘m}, on conservation comeern {e.g. habitat suitability, dispersal zbility) were incorporated. Results indicate that for Arctic
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) e broad-scdle prio : ef barier management utility of berrier optimisstion methods for use in boreal watersheds, particularly zs it significantly reduces
e o the technical expettise needed to perform reletively complex optimisation analyses.
o Bk st Mt ity, fish prsssge, Lanrentin Great KEYWORDS:  Awtic gragling, bull tout, connectivity, habital restoration, OptiPass,

Zakes Basin, remediation.




What to do?¢
Evaluation: field surveys

» Report from each site:
» Location: connection to up- and downstream ecosystems

» Ecological & socio-economic value: aquatic & terrestrial
animals, nature reserves, recreational areas, efc.

Detailed information about

» Structure: type, number, shape, material, dimensions, condition,
water velocity, slope, drop, passability & restoration, efc.

= Nearby stream: water depth, velocity and quality, channel width,
bottom substrate, riparian habitat, presence of fish, etc.

» Take photos!
® Revisit important sites to evaluate passability at different times

» Electro-fishing in up- and downstream sites

» Pirkko-Liisa Luhta and Markku Seppdnen from Metsahallitus
will present detailed templates for culvert inspection



An evaluation chart by WDFW

Barrier Analysis - Level A

Collect the
information in
Table 3.1

PN

o ™
.
Is there a .

ves—— water surface drop >
. >024m?
" Barier ) \\\[ /
ho

A

5 the culvert \t“

No— least 20% —Yes
~ ntersunk? -~ —1

N
/ \ o e AN

/ .
,-/ Is the culve& - Is the e@

-~ .
Ve : “Culvert Width at |
.. backwatered? / <\ 75% of the Yes
™~ Ve Channel Width?,~
\ \\ ~
~
Proceed to the r Passable
Level B Analysis l‘"\
RN
A N
g Is the ™ Ho
ves—  slope greater than >
~or equal to 1%7 e
Ay 2
. S -
C Barrier \l .
E— Proceed tothe | |
¥ Level B Analysis
Figure 2.4, Flow chart of the Level A culvert analysis.
Chapter 3: Road Crossing Structures — Fish Passage Inventory 3-13

Figh FPassage Barrier and Surface Water Diversian Screening and Prioritization Manual




What to do@¢
Mitigation

®» Remove or replace damaged culverts
with bridges or large culverts

®» Remove barriers in culvert mouths
» Create dry paths for terrestrial animals

Increase water depth and decrease
water velocity

» |owering/alignment of the culvert

®» down- and upstream pools

» paffles and/or natural bottom substrate

2x channel width  1x channel width
[ “ > —>




ReMiBar: examples of mitigation

A ot

» e - N
Picture 2a. Object 44 before, culvert with a fall at the outlet.

RO

Picture 1b. Object 191 after, hridg(:'ilh a natural riverbed.

Picture 2b. Object 44 after, arch with natural riverbed.




Picture Sa. Object 173, before, a dam that is a migratory barrier for fish

ar. examples of mitigation

-l %

Pictureda. Object 59, before, a culvert with a fall at the outlet

T\ 1l I T

B y o gRaes ¥Ry
Picturedh. Ohject 59, after, a culvert which is lowered and increaze:
culvert to let the riverbed continue under the road



Don't forget other species!

Dry paths and "hanging ropes”

& Journal of Applied Eeology 2014, 51, 214-223 doi; 10.1111/1365-2664.12178

Learning the ropes: mussel spat ropes improve fish
and shrimp passage through culverts

Bruno O. David'*, Jonathan D. Tonkin®', Kristopher W. T. Taipeti' and
Hayden T. Hokianga®

"Waikato Regional Council, P.O. Box 4010, Hamilton East 3247, New Zealand; and "'Deparrmen.r of Marine and
Environmental Management, Bay of Plenty Polytechnic, Private Bag 12001, Tauranga 3143, New Zealand

Summary

1. Culvert pipes are regularly used around the world for conveying stream flows under-
ground, through embankments or under road crossings. Installation of these features can

Im
g v Top
Water Y a chamber
_ 440mm outlet 3, N\ ’_‘
L 1 ~ Treatment pipe
o . N J
g T . (= NF A b p
Picture 3a. Otter mitigation, object 24. ; ; | L s |
265mm | AT 4L Control pipe
) \ Carwas join
660 mm ¥
L 3
" -
-~ i
+
S~ DIA350mm
e I" b v Bottom
o £ 17 chamber
rope 5 ' 3
¥ v } t 12 y
ey A ' )r-
i P * )
740 mm i Y . .
¢ - v -1
. A
v
v [ 3 /
Y T v
Uptake
pipe |
1000 mm - Y
J
i
1 1200 mm  prainage
0 b pipe
‘)w'- ” Reservoir
Flow
3 direction e

Picture 3b. Otter mitigalio.h, a dry culvert for otters to go through, object 197.




Jaakko will tell us success stories
from Teno! ©

Fisheries Management
and Ecology

Fisheries Management and Feology, 2017, 24, 7381

Road culvert restoration expands the habitat
connectivity and production area of juvenile Atlantic
salmon in a large subarctic river system

J. ERKINARO, H. ERKINARO & E. NIEMELA
Nedural Resenvrces Institute Finland (Luke), River Teno Fisheries Research Station, Utsjoki, Finland

.- ___ =



What to do?e
Future management

= Fish migration barriers are in violation of national and
infernational environmental agreements

= Improved advisory, control and communication
would reduce environmental damage

Improved public awareness and

involvement would be fruitful

» New local and large-scale projectsf .

would be welcome ©




Some reading

Eloranta & Eloranta (2016) (in Finnish + English summary and legends)

» hitps://www.doria.fi/bitstream/handle/10024/120869/Rumpurakenteiden ymparistoongelmat.p
dfesequence=2

Haugland & Hjelle (2015) Frie fiskeveger (in Norwegian)

» hifps://www.vegvesen.no/ attachment/1117935/binary/10784272fast _title=Frie+fiskeveger+-
+Utbedring+av+vandringshinder+for+fisk.pdf

Degerman (2008) Ekologisk restaurering av vattendrag (in Swedish)

» hitps://www.slu.se/globalassets/ew/org/inst/agqua/externwebb/sidan-publikationer/ekologisk-
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