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Apache Trout Research questions at 

the UA Arizona Cooperative Fish and 

Wildlife Research Unit

Å How do high water temperatures affect Apache Trout? 

Å What are habitat preferences of Apache Trout?

Å Apache Trout management: Stream cooling, nonnative species 

control, sampling and public outreach



What is the upper temperature 

tolerance of Apache Trout?

Matthew Recsetar1, Olin Feuerbacher1, Scott A. Bonar1, 
Matthew Zeigler2, , David Ward3 and Colleen Caldwell2

1USGS Arizona Cooperative Fish and Wildlife Research Unit

2USGS New Mexico Cooperative Fish and Wildlife Research Unit

3Arizona Game and Fish Department



Temperature Measures of 

Interest for Trout Biologists

¸Acute Upper Thermal Tolerance ï Rapidly raise 

temperature to determine where fish loses equilibrium 

(CTMax).

¸Chronic Upper Thermal Tolerance ï What a fish can 

survive over an extended time period (30-60 d), both 

under static and fluctuating conditions.

¸Optimal Temperatures
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From:   Recsetar, M. S. and S. A. Bonar. 2013.  Survival of Apache Trout eggs and alevins under static and

fluctuating temperature regimes. Transactions of the American Fisheries Society, 142: 373-379.



Apache Trout Egg/Alevin Survival (%) at Various Temperatures

Diurnal Fluctuation LT 50 (ÁC) SE

None 17.1 0.3

Ñ3 ÁC 17.9 0.3

From:   Recsetar, M. S. and S. A. Bonar. 2013.  Survival of Apache Trout eggs and alevins under static and

fluctuating temperature regimes. Transactions of the American Fisheries Society, 142: 373-379.



Apache Trout Fry Survival (%) Over 30 Days at Various Temperatures

Diurnal Fluctuation LT 50 (ÁC) SD

None 22.7 0.4

Ñ3 ÁC 23.0 0.2

Ñ6 ÁC 22-25 -

From:   Recsetar, M. S., S. A. Bonar, and O. G. Feuerbacher. 2014. Growth and survival of Apache Trout 

under static and fluctuating temperature regimes.  Transactions of the American Fisheries Society 143:1247-

1254.





Apache Trout Fry Growth (mm) Over 30 Days at Various Temperatures

From:   Recsetar, M. S., S. A. Bonar, O. G. Feuerbacher and C. A. Caldwell. In Review.  Growth and survival of 

Apache Trout under static and fluctuating temperature regimes typical of southwestern USA streams.  

Transactions of the American Fisheries Society.



How does fish size affect upper thermal tolerance?



Little or no 

difference in upper 

thermal tolerance 

among fish sizes 

tested (for a variety 

of species)

From:  Recsetar, M. S., M. P. Zeigler, 

D. L. Ward, S. A. Bonar & C. A. 

Caldwell. 2012. Relationship between 

fish size and upper thermal 

tolerance., Transactions of the 

American Fisheries Society, 

141:1433-1438.



Habitat Suitability Criteria:  The range of habitat variable 
values that are preferentially used by a species
(Bovee 1986)

What about habitat besides water temperature?



Habitat 

Suitability 

Criteria for 

Apache Trout

Sally Petre

Graduate Student

Project Partners: AZGFD, USFWS

From: Petre, S. J., and S. A  Bonar. 2017. 

Determination of habitat requirements for Apache 

Trout. Transactions of the American Fisheries 

Society, 146:1-15.



1) Measure habitat available

2) Measure habitat where Apache Trout found

3) Compare these to identify what they select



Habitat Measurements
ÅPresence/Absence Ą Use/available

ÅDepth 

ÅFocal Velocity (ft/s)

ÅMean water column velocity (ft/s)

ÅSubstrate (Modified Wentworth Scale)

ÅPercent overhead cover (densiometer)

ÅInstream cover (distance to and type)

ÅTemperature (HOBO loggers)



Apache Trout Use:
ÅRelatively deep stream 

sections (pools) (optimal range = 

0.15ï0.32 m; suitable range = 0.032ï0.470 m)

ÅSlow stream velocities (suitable 

range = 0.00ï0.22 m/s), 

ÅGravel or smaller substrate 
(suitable range = 0.13ï2.0 [Wentworth scale]), 

ÅOverhead cover 
Å (suitable range = 26ï88%), 

Å Instream cover (large woody 

debris and undercut banks 

were occupied at higher rates 

than other instream cover 

types).

From: Petre, S. J., and S. A  Bonar. 2017. 

Determination of habitat requirements for Apache 

Trout. Transactions of the American Fisheries 

Society, 146:1-15.





Why Habitat Studies?
Conserve Important Habitat Features

Conserve Stream Flow
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