University of Massachusetts Amherst
ScholarWorks@UMass Amherst

International Conference on Engineering and International Conference on Engineering and
Ecohydrology for Fish Passage Ecohydrology for Fish Passage 2015

Jun 24th, 4:45 PM - 5:00 PM

Session B9: How Fish Use and Process Flow
Information

Joachim Mogdans

Universitit Bonn

Horst Bleckmann

Universitit Bonn

Follow this and additional works at: https://scholarworks.umass.edu/fishpassage conference

b Part of the Aquaculture and Fisheries Commons, and the Hydraulic Engineering Commons

Mogdans, Joachim and Bleckmann, Horst, "Session B9: How Fish Use and Process Flow Information” (2015). International Conference
on Engineering and Ecohydrology for Fish Passage. 13.
https://scholarworks.umass.edu/fishpassage _conference/2015/June24/13

This Event is brought to you for free and open access by the Fish Passage Community at UMass Amherst at ScholarWorks@UMass Amherst. It has
been accepted for inclusion in International Conference on Engineering and Ecohydrology for Fish Passage by an authorized administrator of

ScholarWorks@UMass Amherst. For more information, please contact scholarworks@library.umass.edu.


https://scholarworks.umass.edu?utm_source=scholarworks.umass.edu%2Ffishpassage_conference%2F2015%2FJune24%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.umass.edu/fishpassage_conference?utm_source=scholarworks.umass.edu%2Ffishpassage_conference%2F2015%2FJune24%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.umass.edu/fishpassage_conference?utm_source=scholarworks.umass.edu%2Ffishpassage_conference%2F2015%2FJune24%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.umass.edu/fishpassage_conference/2015?utm_source=scholarworks.umass.edu%2Ffishpassage_conference%2F2015%2FJune24%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.umass.edu/fishpassage_conference/2015?utm_source=scholarworks.umass.edu%2Ffishpassage_conference%2F2015%2FJune24%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.umass.edu/fishpassage_conference?utm_source=scholarworks.umass.edu%2Ffishpassage_conference%2F2015%2FJune24%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/78?utm_source=scholarworks.umass.edu%2Ffishpassage_conference%2F2015%2FJune24%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1087?utm_source=scholarworks.umass.edu%2Ffishpassage_conference%2F2015%2FJune24%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.umass.edu/fishpassage_conference/2015/June24/13?utm_source=scholarworks.umass.edu%2Ffishpassage_conference%2F2015%2FJune24%2F13&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:scholarworks@library.umass.edu

Fish Passage Conference, Groningen, June 20-24, 2015

universitatbonn

How Fish Use and Process Flow Information

Joachim Mogdans and Horst Bleckmann




The Senses of Fish universitétm E

Micropterus salmoides

- Vision | ’
- Hearing &
- Vestibular Sense
- Chemosense

- Touch

- Nociception

- Electrosense

- Magnetic Sense

- Mechanosensory Lateral Line



The Mechanosensory Lateral Line “ " E
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(picture J. Engelmann)

Neuromast structure and function
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Hair cells

Afferent fibres

Action pOtentlals Bleckmann et al. (2004) BIUZ 34

Directionally sensitive flow sensor
Frequency range: DC - ca. 200Hz
Sensitivity: 0.01 um p-p water displacement at the fish surface@100Hz



Distribution of Neuromasts “ " E
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Canal

Superficial Neuromast Canal Neuromast

— Velocity Detector — Pressure Gradient
Detector

(pictures M. Beckmann)

Bleckmann, Mogdans et al. (2004) BIUZ
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Lateral Line Array Variability

Superficial Neuromast System

ca. 2000 superficial neuromasts

Goldfish

Carassius auratus

(data A. Grotefeld)

36 superficial neuromasts

Oncorhynchus mykiss

(data J. Engelmann)



Lateral Line Array Variability

Canal System

Perch o=
Percarina demidoffi
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Jakubowski (1967)
Acta Biol Cracov

Black prickleback

Xiphister atropurpureus
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Fish Behavior in Flow o " E
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Cylinder
N

Water




Trout Swimming in Flow Channel

Free stream

Liao et al. (2003) J Exp Biol 206
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Vortex street

Karman Gait




Trout Swimming in Flow Channel o " E
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Bow wake swimming Entraining




Trout Swimming in Unstable Flow

Entraining

Bow Wake
Swimming

Przybilla (2011) PhD thesis
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Trout Swimming in Unstable Flow

Intact trout

Trout without
lateral line

Przybilla (2011) PhD thesis

Width of tank

C
D
gLl
~1 min [3cm [10 em
Time

Length of tank
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Entraining

Bow wake swimming

Entraining

Entraining



Flow Tank for PhySiOIOgicaI Studies universitétgnlr]

Flow- Rod
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The Fish Brain and the Lateral Line Pathway universitétgnlrl E

Lateral Line
Brainstem Nucleus
(MON)

Posterior
Lateral Line Nerve
Suliien i (PLLN)
Anterior 2 mm
Lateral Line Nerve
(ALLN)

After Wullimann & Northcutt (1988) Brain Behav Evol



Neuronal Representation of Flow o " E
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Primary Afferent Nerve Fibers
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Chagnaud et al (2008) Zoology 111



Neuronal Representation of Flow o " E
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Primary Afferent Nerve Fibers
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Chagnaud et al (2008) Zoology 111



Neuronal Representation of Flow o " E
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Bursting Activity of Primary Afferent Nerve Fibers
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Velocity [mm*s™]

Quantification of Water Flow umversﬁétﬂ E

Velocity Fluctuations within Bulk Water Flow
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Karman Vortex Street Caused by Cylinder umversitatﬂ E

A=11cm

Vortex Shedding Frequency

= ' N\ 22Hz (VSF) depends on cylinder
—_

size and flow velocity
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Representation of Karman Vortex Street

Amplitude spike train spectrum [Hz]
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Increasing flow velocity
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Chagnaud et al (2007) J Comp Physiol A 193



Object Discrimination by Articifial Flow Sensors universitétm
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Object Discrimination by Articifial Flow Sensors umversitétﬂ

Sensor Readout for Different Objects at
Different Bulk Flow Velocities
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Object Representation by the Lateral Line umversitétﬂ E
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