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Motivation

* The alteration and loss of habitats are among the
biggest threats to river ecosystems (Reid et al., 2019)

« Habitat analysis is crucial for river protection,
restoration and adaptation

« Habitat modelling enables testing/investigating

alternative scenarios h,gh
— broad range of flow conditions I3 epare river ecosystems

for an uncertain future

As the climate warms, we can’t restore waterways to pristine condition, but models
can predict potential changes, argue Jonathan D. Tonkin, N. LeRoy Poff and colleagues.

— new/alternative morphological setup
— support for restoration projects

Tonkin et al. (2019). Nature
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Motivation

> Merkblatt-Sammlung
Wasserbau und Okologie

B ovatie onci deme Propedi e aegrocs Fiuiigebussneonmmsn

Habitat analysis is required by national guidelines
Geschiebe- und Habitatsdynamik

MSACIIT. MW Wikks TaL e Dhokog e

« Merkblatt-Sammlung Wasserbau und Okologie 2012
» Geschiebe- und Habitatsdynamik 2017

e Schwall-Sunk — Massnahmen 2017

Schwall-Sunk - Massnahmen
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Scale

Al’

Catchment

Catchment scale: several km

Temperature, main channel
characteristics, flow regime

—-> Species distribution, dispersion,
migration
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Meso-scale: meters to tens of m

River width, patch hydro-morphological
features (e.qg. riffle, pool)

- Presence, movement and aggregation of
motile species (fish)
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Functional habitat

Micro-scale: cm to several m
Local water depth, velocity, substrate, ...
- Presence of non-motile (or little) species:

vegetation, macroinvertebrate, fish eggs and
early stages




Approaches

Suitability curves Fuzzy approaches Decision tree rules
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env factor
from Naman et al. (2020) Modified from Becquet et al. (2022)

Becquet et al. "Macroinvertebrate distribution associated with environmental variables in alpine streams." Freshwater Biology 67.10 (2022): 1815-1831.
Faro et al. "A novel unsupervised method for assessing mesoscale river habitat structure and suitability from 2D hydraulic models in gravel-bed rivers." Ecohydrology 15.7 (2022).
Naman et al. "Bioenergetic habitat suitability curves for instream flow modeling: Introducing user-friendly software and its potential applications." Fisheries 45.11 (2020): 605-613.
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HABBY: HABItat suitability tool

Developed by:

— OFB, the french office for biodiversity -

— INRAE, the national research institute INRAZ 5 ‘;:QEDF
— EDF, the french electricity group --

...............

Main featu res: tEriuAFm a_dultl}\;Dominanll] (VH = 0.33 / surface inconnue = 0.00 %) ATL

unirilgc:'%.én['g'? n'sI]-I ° ' 1!{?(
— Open-source, python-based, GUI
— Multi-platform _

— Importer for different hydrodynamic tools
— Different biological models available
— Customized preference curves and statistical models

- 0.60

VH[

- 0.40

Available at: =
. httDS://QithUb.Com/Yann | rStea/habe From https://github.com/Yannirstea/habby

— https://habby.wiki.inrae.fr/
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https://github.com/YannIrstea/habby
https://habby.wiki.inrae.fr/

Workflow example

Maggia river, Ticino

Impact of minimum
flows on habitat
suitability of fishes

| | |
Hydraulic variables

maggia_MA2
flow_velocity [m/s]
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Workflow example

Project definition
Hydraulic step
Substrate step
Habitat calculation
Data explorer

Tools

ETHzirich %IIW

Tabs
(modelling steps)

@ HABBY 1.5.7 - habby_simulation_BM:Z23

Project  Settings  View  Help

Project Hydraulic Substrate Habitat Calc. Data explorer Tools

HABitat suitaBilitY

Current project

Mame: habby_simulation_BM23
Path: D:\01_BM3Y16_UserMeeting2023%habby_simulation_BM23

User name: |

Description:

HABBY says :

Project created.

Information panel

BASEMENT Users Meeting 2023
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Hydraulic step

« Choice of 2D hydrualic model -- BASEMENT
« Upload of results.h5

« Selection of output timestep (more than one)

Creation of the .hyd file

BASEMENT Users Meeting 2023
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OBVD ;

@ HABBY 1.5.7 - habby_simulation_BM23 — O >
Settings  View Help
Project Hydraulic Substrate Habitat Calc. Data explorer Tools
Semi wet cut mesh enable : False
Selecta model |BASEMENT 2D~ Water depth value considered to be zero : 0.01m
Result file (,h5, .txt) | resulis.hs | [
Reach name unknown ~
0.0 ~
73800.0 Type
147600.0 time [s]
Unit name ZRETE
295200.0
360000.0 Mumber
442800.0 421
S16600.0 v
Mesh data elevation, water depth, water velocity
Node data elevation
EPSG code 2058 |
.hyd Tle name | tutorial_BMZ3_no_cut.hyd |

HABEY says :
will be filled in according to your choices ~
ulic in progre:
—-h-..lhorial BM23 no cut.hya creation done (process time = 57 s). )
Hydraulic finished.
]
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Substrate step

e
fimt

&% HABBY 1.5.7 - habby_simulation_BM23

« Choice of input types & upload
— Constant value (or no substrate)

Project  Settings  View Help

E\c Project  Hydraulic — Substrate Habitat Calc. Data explorer ~ Tools

— Node-based (.shp file) - S -
. |";:||c Substrate mapping method from
— Polygon-based (.shp file) HE O Ol s, o O T
olygons
Polygons i F:: (.shp, .gpkg) Substrat_fc_mod_3.shp

Classification code  Sandre
Classification method coarser-dominant

 Creation of .sub file

EPSG code 2056

.sub file name |Subsh’at_ft_mod_3.sub |

R : (|

Last file created no file

« Merging of .hyd and .sub files into .hab + e ofhybaic s et

.hyd file name | tutorial_BM23_no_cut.hyd w

.sub file name | Substrat_fc_mod_3.sub -

.hab file name |mtoriaI_BM23_no_cut_5ubsh'at_f\:_mod_3.hab |

T 11 create hab fe

Last file created no file

HABBY says :

Substrate in progress ... ~
- Substrat fc mod 3.sub creation done {process time = 3 s).
Substrate finished.

Merge in progress ...

m
il
T
o
"t
T
T
i
o

:-mhorial BM23 no cut Substrat fc mod 3.hab creation done (process time = 82 5).
Merge finished.
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Habitat calculation — biological model selector

« Model filter
— Search for model to compute

« Large database (country, species, life
stages, etc.)

« Easy to inlcude more species (.xml)

ETHzirich
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.' Biological model selector

Model filter Modg selection

Country Aguatic animal type  Model type Stage and size Guild Origine Made by
France fich bivariate suitabilit| | Laichgruben A | | meno habby BLU_PROGETTI_S/
France Germany | | invertebrate univariate suitabil| | [0,45] user INRAE Former Irst
Germany [1.20,270[ INRAE former IRS
Réunion [45,120[ Irstea - Asconit
Switzerland [50,100[ Irstea Former Cen
adult Irstea Former Cen
all_stages Irstea Former Cen
fry OCEA Censult
Juvenile
larva
< P | [ e v < >

Code alternative filter

Fish Invertebrate
ABL | | AAUR "
AMA ACHAU
ANG ACRA
APR ADES
AWA AFUS
BAF AGAP
BAM AlBI
BLMN ANTO
BOU ASC
ERB ATHE
BRE V| [aTv b

IReﬁesh user biological database

Filter your models and then pass to 'Model selection’ tab.
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Habitat calculation — biological model selector

& Biological model selector

Model filtgr Model selection

hd M O d el S eI eCtI O n Available models (4) Selected models (1)
Salmo trutta - adult - SALD1 (HY, Dominant) Salmo trutta - adult - SALD1 (HY, Dominant)
— Select model to compute

Salmo trutta - juvenile - SALOT (HV, Dominant)
Salmeo trutta - Laichgruben - SALOT (HV, Dominant)

D Suitability Index : Salmo trutta - adult - SALO1

A€ Q=7 B

¢ Summary information drop

0 12

'g' 1.0 4
H 1=]

» Display of preference curves .
E Show habitat suitability indices
S 004
& T T T T T T T T T Show hydrosignature

0.0 05 1.0 15 20 25 3.0 3.5 4.0
water depth [m] Open xml file
'g' 1.0 4
=]
=
Iz 0.5 A )
= o o . no image file
= to Deflussi Discontinui fiume Ticino, 2021
5 0.0 4
[ T T T T T T T T T
0.0 05 1.0 15 20 25 3.0 3.5 4.0
water velocity [m/s]
Validate selected modelz Close
'f 1.0 ~
i
= models' button,
1= 0.5
% .
7 0.0 - . : :
4 (5] 8 1

substrate dominant [Sandre]
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Habitat calculation

« Calculation of habitat suitability

— Summary of all species selected
and already calculated

— Hydraulic option (water depth
and/or velocity)

— Substrate (on/off, type of
classification)

 Add models to the .hab file
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. HAEBBY 1.3.7 - habby_simulation_BM23

Settings  View Help
Project  Hydraulic Substrate Habitat Calc. Data explorer  Tools

Habitat file(s) |tutorial BM23_no_cut_Substrat_fc_mod_3.hab -
Maodel to compute

Add models Remove all models
Create duplicate from selection | Remove selected models

Remove duplicates models

Biological models choosen (4) hydraulic option |Default ;I substrate option |Default

;I existin . hab

Salmo trutta - Laichgruben - SALD1 HV
Salmo trutta - adult - SALO1 HV
Salme trutta - juvenile - SALOT Hv

HV

Salmo trutta - subadult - SALOT

Lol [«

Lol [«

HABEY says !

- Substrat fc mod 3.sub creation done {process time = 3 s).
Substrate finished.
Merge in progress ...

- tutorial BM23 no cut Substrat fc mod 3.hab creation done {process time = 82 s).
Merge finished.

0/0 [Compute habitat

MB: Substrate percentage computation option is disable for habitat calculation {substrate dassification method in Jhab is not in percentage).
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Data explorer and output types

* Figure exporter
— Live-figure available

— Choice of single or mutiple
variables to display

— Save figures

« Data exporter
— Txt files
— GIS supported files (e.g. shape) —

— QOrganized in an ouput folder

|

BASEMENT Users Meeting 2023
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Project

Settings  View Help

Project Hydraulic Substrate

file types filenames

Data explorer Tools

O hydraulic | tutoria I_BM23_no_cut_Substrat_fc_mod_3.hab

() substrate
(® habitat

Figure viewer fexporter

reach(s) time [s] node variables mesh variables
unknown 738000 | | elevation SALOT _adult_HV_Dominant ~
147600.0 | | water depth SALOT_juvenile_HV_Dominant
221400.0 | | water velocity SALD1_Laichgruben_HV_Dominant
205200.0 | | water level * SALO1 _subadult_HV_Dominant

froude number *
hudranlic head *

i split

elevatinn

figure type : map Global habitat values  mode |image export ~

Data exporter

Geopackage {.gpkg)
Geopackage (.apka)

30 (stl)
3D (.pvd, wiu)

Text (. txt)
Text (. txt)
Text {.tet)

Report {.png)

HABBY says :

IETYE I PIOgress .,

Mesh units
Point units

Mesh whole profile
Mesh units

Global habitat values
Mesh detailled
Point detailled

Fish informations

- tutorial BM23 no cut Substrat fc mod 3.hab creation done (process time = 82 5).

Merge finished.

0/17 run |

\_DDDI oogg
5

of1

MB: Substrate percentage computation option is disable for habitat calculation (substrate dassification method in .hab is not in percentage).

Habitat in progress ...

- tutorial BM23 no cut Substrat fc mod 3.hab habitat calculation done (process time = 3 s).

Habitat finished.




R ES U |tS HIS per each species*/lifestage

L S Rt
|
» Modelling steady flow discharges with | |
BASEMENT 5 |
« Calculating HSI for different species B &_ |
and life stages with HABBY - -
. D|Sp|ay HSI (or WUA) aS a functlon Of oo —e— barbus - adult barbus - fry —e&— barbus - juvenile
the discharge 0.80
v 0.60 — a6 -
I
T 0.40
020 W
0.00

0O 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
discharge [m”3/s]

—&— barbus - adult barbus - fry —e— barbus - juvenile -=@ -~ total wet area
120000.00 —_-_-...-_..____.,
100000.00 - "
o _0-0”.—-...’.-
$E 80000.00 .,r‘
< 60000.00 J S o a
S 40000.00 g
20000.00
*Barbus, Cottus, Telestes for Maggia River 0.00

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
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Summary and key (useful) features

Flexible
— It can be re-run (also only partly)
— Run by command line

Easy to use GUI
— drag&drop features
— Win. Installer provided

Formatted output
Continuous development and documentation

Bug report
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Thank you for your attention!

caponi@vaw.baug.ethz.ch
vanzo@vaw.baug.ethz.ch
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