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Stream fiéh IBMs

Fish population responses emerge from models of individual behavior,
growth, survival, reproduction

— We can model the population if we capture the essential
characteristics of individuals & habitat.
— Valuable for planning management scenarios.

— Prioritize management decisions and biodiversity conservation
actions.
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' - Stream fish IBMs :

o Time series
simulations of
flow, temperature,
turbidity, habitat
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INSTREAM and INSALMO

Individual-based models designed as river management tools

USDA
a—

inSTREAM:

The individual-based
Stream Trout Research
And Environmental
Assessment Model

Dr. Steve Railsback  Dr. Bret Harvey



Purposes of INSTREAM and InNSALMO

Instream flow assessment:
- How do alternative flow and temperature regimes affect salmonid
populations?

Evaluation and design of habitat restoration projects:
- What are the relative benefits of alternative restoration measures
or channel designs?

Evaluation of watershed management, especially via turbidity

Testing ecological theory in a virtual ecosystem




INSTREAM vs. INSALMO

« INSTREAM: Simulates long-term dynamics of resident trout
populations

. INSALMO: Simulates freshwater life stages of salmon
o Adult arrival and holding
o Spawning
- Egg Incubation
o Juvenile rearing and outmigration




Design goals

« Overcome fundamental limitations of habitat suitability models by:

o Representing time and effects of habitat variation over time

o Representing the interacting effects of flow, temperature,
competition, etc.

o Producing outputs that have clear management meaning and are
testable




Design goals

« Put more biology in instream flow assessment

o We know a lot about salmonids, so let’'s make it easy to use more
of that knowledge in management decisions




Design goals
. Make assessments more rigorous, transparent, and reproducible:

- Document more of our assumptions in words and computer code
o Make It easy to test assumptions and replace them when we need to

o The models are complex but we don’t have to struggle to determine
what their results mean




Hydraulic model to simulate the
reach

Habitat cells (depth, velocity and
habitat variables)

Key individual behaviors

v Habitat and activity
(feeding or hiding)
selection
Feeding and growth
Moratlity
Spawning
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A movie of a model run




11

lx-M"nD\!Frn! )
soanchH ourk CallT l 0.006
houdptivaliearchFood] | 08
ool 1ac Spasn

A0Fid I
g=flumber0iFich
getNunberCiRedd:
et HabS naschProd
peHatD N one
getHablrtiFegenDict
cetHabPreyE rergilienity

Some history

INSTREAM version 1
1999

& Brown T rout

Sxenliod |

dab DiiFcosivinke
hycmlldfmw 1242
dd;‘.';wdfowl—idzv ) !
dadSearcrienecgy
cotentisHouOritiuake [0 ¢
palmlHMSeu&')'luzr.;u—ﬁ
r.Wn' 847
—

pandedfesn| 76

massmmioead | ¢

— HighTenperave

= High¥elaciry

AquaticPredstion

]
|

£ 0 Cabe ot o Vobosbs

¥ of Cells fon zoch Veladity

b 0 )

SR T T TN S T
D %0 20 30 40 50 S0 U0 DO 30 109
Velooty (i)




Dot INSTREAM:

s The Individual-Based
: Research Stmvon Stream Trout Research
INSTREAM 4 (2009) sz and Environmental

& Assessment Model

Steven F Raidsback, Bret C. Harvey, Stephen K. Jackson,
and Roland H. Lamberson

* First public release
with complete user

guidance
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INSTREAM 5.0
Two-dimensional habitat (2013)
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INSTREAM 7 (2020): the most recent of a family of individual-based salmonid models

« EXxplicit representation of the dally light cycle (night, dawn, day, and dusk)
and how light affects feeding, predation risk, and behavior

. Complete update of all components
. New software in a widely used, well-supported platform (NetLogo)

. A version for hydropower peaking

14



INSTREAM 7 (2020)
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Cell geometry and habitat
variables imported from GIS.

Cell depth and velocity imported
from any hydraulic model.

Interface controls

v let users pause and
restart a simulation

v turn output files on and
off

v select which cell variable
(depth, velocity, light
intensity) to display
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https://ecomodel.humboldt.edu/instream-7



INSTREAM 7-SD ~

to model how individual trout respond to substantial changes in flow at

any time during a day, and the resulting effects on population measures
such as abundance and growth.

. a new reach-scale parameter reach-flow-change-for-time-step

16
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INSTREAM 7-SD

Habitat cell geometry and characteristics

2-D hydraulic model output data for water depth and velocity
Time series of flow, temperature and turbidity

Ecological data

Site- and species- specific parameters

Population outputs:

Growth

Survival

Behavior

Fish distributions at any given time step
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In summary

. 9 major versions in > 20 years
Applications at ~50 sites (in US, Iran, Spain, Sweden)

~30 open-literature publications that describe, test, and apply the
models

ELSEVIER

Ecological Modelling 123 (1999) 73-89

www.elsevier.com/locate/ecolmodel

Movement rules for individual-based models of stream fish
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* Lang, Railsback & Associates, 250 California Avenue, Arcata, €
® Department of Mathematics, Humi s

WILEY

RESEARCH ARTICLE

Individual-based modelling of hydropeaking effects on brown
trout and Atlantic salmon in a regulated river

Mahboobeh Hajiesmaeili' © | Louis Addo' | JohanWatz!
Steven F. Railsback’ @ | John J. Piccolo®

Embgyand Maugement Reseach
ow Degartnent of
and Life Sdences, Karistad Uné
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Abstract

We developed an individual-based model (IBM) to understand the effects of hydro-
peaking on growth, survival and distribution of age O+ to 1+ juveniles for high-
conservation value populations of native brown trout (Salmo trutta) and Atlantic
samon (S. salar) in river Gulispang, Sweden. We parameterized and applied
inSTREAM (7.2-SD) and calibrated the model by comparing predicted versus
observed growth under the curent hydropeaking regi 200 model fish for
365 days). Our objective was to model growth, survival and distribution under flow

f Mathematcs, California State
versty, Humboldt, Arcata,

Depatmentof Environmental

Ecology. 86(4), 2005, pp. 947-959
© 2005 by the Ecological Society of America

TESTS OF THEORY FOR DIEL VARIATION IN SALMONID FEEDING
ACTIVITY AND HABITAT USE

STEVEN E RAILSBACK,'* BRET C. HARVEY,? JouN W. HAYSE,* AND KIRK E. LAGORY?

er Saclety 150:130-343, 2021
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INSTREAM 7: Instream flow assessment and management
model for stream trout

A Ayllén? @ | Bret C. Harvey®

stract

echanistic, individual-based simulation models have been used for >25 years to
ercome well-known limitations of “habitat suitability” models. INSTREAM 7 is the
est of our individual-based models for predicting the effects of flow and tempera-
re regimes on stream salmonid populations. Unlike PHABSIM (or other methods
sed on habitat “quality,” e.g., as net rate of energy intake), inSTREAM mechanisti-

lly represents specific effects of flow and temperature on all life stages, and how

Importance of the Daily Light Cycle in Population-Habitat Relations:

A Simulation Study|

Steven F. Railshack*

Lang Railshack and Associates, 250 California Avenue, Arcata, Ca

Bret C. Harvey
U.S. Forest S ¢, Pacific Southwest Research Station, 1700 Bay

Daniel Ayllon

L ent 0 rsity, Ecology and Evolution, Faculty of Bio
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Modeling Atlantic salmon (Salmo salar) and brown trout (S. outta)
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Example applications at KAU:
Instream flow assessment

Ecological Engmeenng 162 (2021) 106]82 7
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Contents lists available at ScienceDirect
Ecological Engineering

EL“SEV[ ER journal homepage: www.elsevier.com/locate/ecoleng

Modeling Atlantic salmon (Salmo salar) and brown trout (S. trutta)
| population responses and interactions under increased minimum flow in a
regulated river

Kristine L. Bjgrnis ™", Steven F. Railsback B¢ Qlle Calles?, John J. Piccolo?®

2 Department of Envir 1 and Life Scie River Ecology and Manag Research Group (RivEM), Karlstad University, Universitetsgatan 2, 651 88 Karlstad,

| Sweden

B Department of Mathematics, Humboldt State University, 1 Harpst 5t, Arcata, CA 95521, USA
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Example applications at KAU:
INSTREAM version 6.1

L. Vanern

Assessing the effects of alternative min flow
regimes on recruitment of lake-migrating

Gullspang
Atlantic salmon (Salmo salar) and brown () Rapids

trout (Salmo trutta) in the Gullspang River,
Sweden.

0 750 1500 m

The regulated Gullspang River, S Sweden, connects Lake
Skagern with Lake Vanern.
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In general, little effect of increasing
minimum flow.

Higher flow seems to benefit trout over
salmon.

Increased availability of velocity
shelters, increased production of both
salmon and trout.

Flow restoration based on simplistic
flow scenarios will have limited effect,
unless complemented by an increase
of instream structural complexity.

QOut-migrants per year

flow3

\ | iNSTREAM cells
Il inSTREAM predicted redd(s)
I Surveyed redd locations 2012-2018

BX surveyed spawning gravel beds 2018

0 10 20 m
1T 1

[ trout

[ salmon
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Example applications at KAU:
Assessing hydropeakmg effects

Received: 30 November 2021 | Revised: 11 July 2022 | Accepted: 19 July 2022
DOI: 10.1002/r7a 4037
.
RESEARCH ARTICLE WILEY

Individual-based modelling of hydropeaking effects on brown
trout and Atlantic salmon in a regulated river
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") Check for pdates

Mahboobeh Hajiesmaeili* © | Louis Addo* @ | Johan Watz' @
Steven F. Railsback? © | John J. Piccolo® ©




The first application of INSTREAM 7.2-SD

 To assess effects of peaking flows
on populations of brown trout
(Salmo trutta) and Atlantic salmon
(Salmo salar)

+ Objectives:

* To assess the growth, survival
and distribution of age 0+ to 1+
trout and salmon under various
hydropeaking and steady-flow
scenarios, as well as under a
natural flow regime.




QGIS

Study site

Gullspang River (Lilla Arasforsen)

Gullspang
River

L. Skagern

0 750 1500 m

Circled areas are the main spawning and rearing habitats,
A= Gullspangsforsen, B= Lilla and C= Stora Arasforsen



Hydraulic input

Hydraulic input in the form of
cell depths and velocities at a
wide range of flows:

.2-D hydrodynamic modelling
of LA using (DHI
Sweden).

184000

184200
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Effects of different flow scenarios on
brown trout and Atlantic salmon final
predicted mean length

« Hydropeaking generally resulted
In modest (10%) negative effects
on growth of both species
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Survival

. Negative effects on survival of
both species.

« Survival was more affected than
was growth; smaller fish were
more affected than larger fish.
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(a) Brown trout

HP-MinFlowg  HP-MinFlow12 HP-MinFlow13 HP-MinFlow18 HP-MinFlow21 Matural
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(b) Atlantic salmon

survival (%)
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Fish distribution

Individuals packed more tightly and
moved more during the peak at the
baseline hydropeaking scenario,
compared to the natural flow regime.

Although salmon were more abundant
than trout, there were more trout in
deeper water.

Natural flow

Hvdropeakino

v ® BT-during the peak
v D080 (cm)

Atlantic salmon

@

® AS-during the peak
D080 (cm)




Daily light cycle: feeding behavior

« Patterns of diel habitat selection
and activity (feeding vs. hiding)
can change in response to how

" we manage flows.

o Most individuals fed during dawn
and dusk, when feeding was
more efficient than at night and

. safer than during the day.
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o Crepuscular periods are not
represented in other habitat
. models.

(a) Brown trout

|

HP-MinFlows

HP-MinFlow 21

Scenario

Steady-Flowd

Steady-Flow21




Example applications at KAU:
Comparison between a correlative and an IBM model

VATTEN - Journal of Water Management and Research 78: 2. 2022

HUR MYCKET VATTEN BEHOVER HAVSORINGEN?
EN JAMFORELSE AV EN KORRELATIV OCH EN
INDIVIDBASERAD MODELL FOR ATT FORUTSAGA
EFFEKTER AV FLODEN PA STROMLEVANDE FISKAR
HOW MUCH WATER DO SEA TROUT NEED?

A COMPARISON BETWEEN A CORRELATIVE AND AN

INDIVIDUAL-BASED MODEL TO PREDICT EFFECTS OF
FLOW ON STREAM FISH POPULATIONS

Johan Watz"", Mahboobeh Hajiesmaeili', Louis Addo', Olle Calles', Ola Nordblon?, Johan Tielman®, John J. Piccolo’




o Correlative models can be useful for predicating flow effects on the
youngest year classes, but may underestimate flow requirements for
larger fish.

« IBMs provide mechanistic explanations ey
for observed phenomena and can be used T
with dynamic flows.
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Future resesarch

~ Lower Gullspangsalven
% INSALMO 7.3-SD (Lilla A)
% INSTREAM 7-SD (Stora A)

v Dalalven
HINSALMO 7.3-SD (Kungsadran)

v Grayling IBM (Lulealven)

InSALMO 7




More information:
wWww.humboldt.edu/ecomodel
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y JOlnCd thc teamin the late 1°90= focusing lbut not exclus m:l- Jon
.We colla borate c!osely 'wth other individual-based modeling centers around the world (se
] the first monoc'raph on IBMs. They a
a monograph on IBMs

that include adaptive tradeoff decisions, in Princeton University Press's h in Pop 3 ing g our publications have been

cited over 15,000 times.
O Math Department faculty teach modeling classes and collaborate with faculty in Wildlife, Fisheries, and other departments, and co-supervise graduate students who includ

modeling in their research. More information is at the ! . and example student projects a

Research Goals What's new

Developing a conceptual and theoretical basis for individual-based ecology.
Differential calculus provides the conceptual basis for classical ecological models, Tk tog =3

. but IBMs have lacked such a basis. We help develop and promote standard concepts [ ) \ J o d I H bA L M (_) 7
for thinking about 2nd designing IBMs.
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