
Sep 18, 2025

Assessment of the Critical Thermal Maximum (CTmax) of Iberian chubs

DOI

https://dx.doi.org/10.17504/protocols.io.261gekndyg47/v1

JoaoMoreno , Sofia L Mendes , Vitor C Sousa

cE3c – Centre for Ecology, Evolution and Environmental Changes & CHANGE – Global Change and Sustainability

Institute, Faculdade de Ciências da Universidade de Lisboa, Lisboa, Portugal;

MARE – Centro de Ciências do Mar e do Ambiente (MARE) & ARNET—Aquatic Research Network, Faculdade de

Ciências da Universidade de Lisboa, Lisboa, Portugal

Joao M Moreno
cE3c – Centre for Ecology, Evolution and Environmental Chang...

Create & collaborate more with a free account

Edit and publish protocols, collaborate in communities, share insights through comments, and

track progress with run records.

Create free account

1,2 1 1

1

2

DOI: https://dx.doi.org/10.17504/protocols.io.261gekndyg47/v1

Protocol Citation: Joao Moreno, Sofia L Mendes, Vitor C Sousa 2025. Assessment of the Critical Thermal Maximum (CTmax) of

Iberian chubs. protocols.io https://dx.doi.org/10.17504/protocols.io.261gekndyg47/v1

License: This is an open access  protocol  distributed under the terms of the  Creative Commons Attribution License,  which

permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited

protocols.io | https://dx.doi.org/10.17504/protocols.io.261gekndyg47/v1 September 18, 2025 1/4

https://dx.doi.org/10.17504/protocols.io.261gekndyg47/v1
https://dx.doi.org/10.17504/protocols.io.261gekndyg47/v1
https://www.protocols.io/researchers/joao-m-moreno
https://www.protocols.io/researchers/joao-m-moreno
https://www.protocols.io/researchers/joao-m-moreno
https://www.protocols.io/researchers/joao-m-moreno
file:///sign-up?u=about%3Ablank
https://dx.doi.org/10.17504/protocols.io.261gekndyg47/v1
https://dx.doi.org/10.17504/protocols.io.261gekndyg47/v1
https://dx.doi.org/10.17504/protocols.io.261gekndyg47/v1
https://creativecommons.org/licenses/by/4.0/
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.261gekndyg47/v1


Protocol status:Working

We use this protocol and it's working
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Disclaimer

DISCLAIMER – FOR INFORMATIONAL PURPOSES ONLY; USE AT YOUR OWN RISK

The protocol content here is for informational purposes only and does not constitute legal, medical, clinical,

or safety advice, or otherwise; content added to protocols.io is not peer reviewed and may not have

undergone a formal approval of any kind. Information presented in this protocol should not substitute for

independent professional judgement, advice, diagnosis, or treatment. Any action you take or refrain from

taking using or relying upon the information presented here is strictly at your own risk. You agree that

neither the Company nor any of the authors, contributors, administrators, or anyone else associated with 

protocols.io, can be held responsible for your use of the information contained in or linked to this protocol

or any of our Sites/Apps and Services.
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Abstract

The upper thermal tolerance of organisms is usually reported as the Critical Thermal Maximum, or CTmax.

Here, we describe an adapted protocol to assess the CTmax in the Iberian freshwater fish of the genus 

Squalius, commonly known as Iberian chubs. The protocol involves exposing individuals to a controlled and

progressive increase in water temperature until the point of loss of equilibrium, i.e., uncontrolled and

disorganized swimming followed by loss of dorsoventral equilibrium. This point is recognized as the upper

thermal physiological tolerance of individuals (i.e., CTmax). Although we applied this protocol exclusively to the

Iberian chubs, it can potentially be adapted to other freshwater fish. 

Materials

5L water bath

thermometer

aeration water pump (or equivalent)

For fish measurement:

precision scale (accuracy of at least 0.1 g)

graduated ruler

Optional for fin collection:

scissors

ethanol 70% (v/v) for disinfection

1.5 mL tube with 100% (v/v) molecular biology grade ethanol
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1 Prepare a 5L water bath with dechlorinated water and appropriate artificial aeration (e.g.,

water aeration pump).

2 Warm the water to approximately 19-20 °C  .

3 Put 2 fish at a time in the water bath and wait 10 minutes.

Note: Record the initial time and water temperature.

4 Increase water temperature by 3 °C  every 00:10:00

5 When fish reach the state of "Loss of equilibrium"*, remove them from the water bath,

record the water temperature and time, and put them in an aquaria with cold water

(around 20 °C  ) and wait for recovery.

*Loss of equilibrium was defined as uncontrolled and disorganised swimming followed

by loss of dorsoventral equilibrium for ten seconds (Becker and Genoay, 1979).

Note: the temperature recorded at the state of "Loss of equilibrium" corresponds to the

CTmax of the individual.

6 Repeat the procedure for all the fish.

7 After fish recover from the experiment, measure and weigh the fish.

8 Optional: with properly disinfected scissors, obtain a small fin clip to a tube with 

100 % (v/v)   molecular biology grade ethanol. This sample can be used for further

DNA extraction and genotyping.
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