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REVIEW
The thermal biology of brown trout and Atlantic salmon

D.J. Solomon & G.W. Lightfoot (2008)
Environment Agency Science Report

1. Eggs from spawning to hatching (egg incubation)
2. Alevins from hatching to first feeding2. Alevins from hatching to first feeding
3. Brown trout – fry to adult
4. Atlantic salmon – parr
5. Atlantic salmon – parr to smolt transformation and migration
6. Atlantic salmon in the sea
7. Atlantic salmon – returning adults in estuaries and rivers
8. Spawning



1. Embryo development (egg incubation)

Brown trout   0 -13 ºC   (Frost & Brown 1967 and others)

Atlantic salmon 0 -16 ºC   (Ojanguren 1999 and others)

2.    Hatching to first feeding

Atlantic salmon 6-22 ºC (Siemen & Carline 1991 and others) 

Water temperature controls many aspects of early freshwater 
life history of salmonids.

Atlantic salmon 6-22 ºC (Siemen & Carline 1991 and others) 

3.    Brown trout – fry to adult

Lethal temperatures  27.8 ºC  (Elliott 1981)

Feeding and growth  3.5 -19.5 ºC   (Elliott et al. 1995 and others)

4.    Atlantic salmon – parr

Lethal temperatures  29.5 ºC (Elliott 1981)

Feeding and growth  6 - 22.5 ºC (Elliott & Hurley 1997)



Summary

1. Carefully controlled  laboratory or hatchery based research on wild and/or 
hatchery reared salmonids from a range of different stocks and environments   

(Norway – Spain).

2. Therefore, difficult to scale-up to the ecosystem level. 
Studies focused only on the impacts of temperature on salmonids.
(e.g. impacts of temperature on survival of key prey species).

What more do we need to know to manage river temperatures?

1. Relationship between temperature and other environmental parameters 
(e.g. pollutants, dissolved oxygen, disease).

2. Evidence of thermal refuges and preferred thermal habitats in brown trout 
and salmon parr. How will changes in temperature modify the availability
of suitable thermal habitats for juvenile production?
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Parr to smolt transformation

1. Smolt age is dependent upon growth, which in turn is dependant upon a 
number of factors including the temperature regime. Increase in frequency of 
1-year old smolts in England and Wales - possibly with the temperature rise (Solomon 1995).

2. The development of smolt characteristics is partially temperature dependent as is the rate 

Temperature is important in regulating smoltification.

of loss of smolt characteristics (saltwater transition). Increase in daily rearing temperature 
from 2-10º advances smolting by up to a month (McCormick et al. 1996,1999).



Smolt migration 

The timing of smolt migration is also influenced by temperature.

1. In the River Imsa (Norway) water temperature is the major influence on the migration
of Atlantic salmon smolts (Jonsson & Ruud-Hansen 1985).

2. In a small chalk stream in southern England temperature was main factor influencing 
the migration of Atlantic salmon smolts with 10ºC acting as a trigger (Solomon 1982.1984).

3. The migratory behaviour of sea trout smolts is possibly less influenced by water temperature.
Sea trout smolts tend to migrate earlier in the year and at a wider range of temperatures
(Solomon 1978, 1982). 

4. Burishoole system sea trout emigration occurs mainly between 3-13ºC (Whelan et al. 1994)
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Smolt migration and river temperature - environmental triggers

1. Threshold temperature (� sterdahl 1969; Solomon 1978)

2. Cumulative temperature (degree days) (Zydlewski et al. 2005) 

Riley (2007) – carrier of River Itchen

- no significant relationship between of smolts migrating and river flow 

- no significant relationship between number of smolts migrating and maximum daily water 
temperature (threshold)

- migration later when cumulative temperature was higher
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Additional environmental conditions within freshwater may also interact
with temperature to influence smoltification and smolt migration

(e.g. pollutants, dissolved oxygen, pathogens & disease).

Parr to smolt transformation and smolt migration

1. Pollutants, diffuse contaminants, pathogens and disease – toxicological effects 
will increase with temperature and concentrations with reduced river flows.will increase with temperature and concentrations with reduced river flows.

2. Evidence that diffuse contaminants from intensive agriculture impacts 
upon smolt physiology (Moore et al. 2003; Waring & Moore 2004) and smolt migration 

(Moore et al. 2007).
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Run – timing of salmon smolts and marine survival

1. Early migration of salmon smolts in warm seasons may have consequences for 
marine survival. 

2. Run-timing is influenced by temperature and modifies entry into marine environment 
during the “optimal window” required for peak survival (McCormick et al. 1998).

3. Increasing freshwater temperature may play a part in the observed decline in marine 
survival of River Bush salmon stocks (Crozier & Kennedy 2003).

4. In warm years the freshwater environment may increase in temperature more rapidly 4. In warm years the freshwater environment may increase in temperature more rapidly 
than coastal waters causing smolts to enter the sea under sub-optimal conditions 
(Friedland 1998). 
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FRESHWATERFRESHWATER MARINEMARINE

Freshwater and marine environments are intimately linked. 
Temperature in one will modify behaviour and survival in the other.

FRESHWATERFRESHWATER MARINEMARINE

However, very little control over the 
management of marine temperatures.
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Spawning migration of adult salmonids - estuaries

1. Survival in - and passage through - the estuary is influenced by 
temperature, especially where other water quality parameters are critical 
(e.g. dissolved oxygen).

2. Temperatures exceeding ~ 16ºC may be associated with reduced    
migration into estuaries with little migration above 20-23ºC.

3. Atlantic salmon delayed in estuaries in hot, dry summers may suffer       
significant mortality.significant mortality.

However, telemetry study using acoustic temperature transmitters indicated 
that fish migrated through the River Avon estuary at temperatures between 
18-20ºC (Moore unpublished ).

Fish remained in the upper Avon estuary for period of up to 3 months whilst 
experiencing temperatures of 18-23ºC (Moore unpublished ).



Spawning migration of adult salmonids - freshwater

1. Entry into FW may also be regulated by river temperature (Bendall Flows Symposium).

2. Swimming capabilities are reduced at lower and higher water temperatures 
(Beamish 1978; Booth et al. 1996).

Therefore, even small obstacles may be difficult to pass at low temperatures (5-6ºC)
(Jensen et al. 1986, 1998; Gowans et al. 1999) and at higher temperatures (>20ºC)
there may be a reduction in upstream migratory activity (Alabaster 1990).

Impacts of estuarine  and in-river constructions on salmon migration and
bioenergetics with changing temperature (e.g. barrage schemes, power stations, 
weirs, low head hydro schemes, aquaculture facilities).

3. Rate of migration of Atlantic salmon increases with decreasing air and water 
temperatures (Erkinaro et al. 1999; Karppinen et al. 2004).

However, no information on the impacts of higher temperatures alone on adult 
salmonid migratory behaviour  (Solomon - Flows Symposium).



River Tyne catchment and salmon
holding pool

Evidence of thermal refuging 
in salmon?

Holding position of Atlantic salmon
which subsequently spawned

in the River Rede.

(� ) acoustic receiver and temperature logger

1. North Tyne temperature logger
2. River Rede temperature logger
3. Holding pool temperature logger 



Source of river temperature

River North Tyne water temperature cooler than River Rede 

(River North Tyne < Confluence < River Rede)

Thermal refuging in salmon?

Rede
North Tyne/Rede

confluence
North Tyne

Fish Cooler 
(%)

66.7 69.8 40.9 

Fish Warmer 
(%)

28.6 24.3 53.9



Complex diurnal behaviour of salmon in the holding pool.

(� ) natural flow event 
(� ) water release from Kielder reservoir 

Movement of fish during high 
summer temperatures

Solid bars represent periods of detection 
and the difference between the 

temperature experienced by the fish and 
the North Tyne water temperature.  

North Tyne water temperature

-------- Salmon temperature
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Salmonid spawning and temperature

1. The temperature experienced by adult female salmon in the months before 
spawning can affect gamete quality (King et al. 2003, 2007)

2. Laboratory studies indicated that where brood stock were kept at the higher 
of the three temperatures (14, 18 and 22ºC), the eggs were smaller, 
experienced reduced fertility and survival. 

3. Increased temperatures (ambient + 4ºC) may also reduce ovulation in female
salmon (Taranger & Hansen 1993)
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Summary

• The interrelationship between temperature and flow in controlling salmonid migration

• How changes in water temperature may reduce the carrying capacity of
estuaries and rivers for spawning adults, act as barriers to migration.

What more do we need to know to manage river temperatures?

• How changes in water temperature may impact on population  through indirect
effects on more sensitive prey species. 

• How agriculture and aquaculture practices modify river water temperatures and 
how best to mitigate these impacts.

• How water temperature interacts with water quality and in particular diffuse
pollution to increase toxicity and/or modify the thermal tolerances of salmonids.



• The relationship between marine and freshwater temperatures in regulating salmon 
populations.

• The bioenergetic implications of obstacles to migration (e.g. low head hydro schemes) and 
variations in water temperature.

What more do we need to know to manage river temperatures? - continued

• The relationship between water temperature and the interactions with predators and pathogens.

• How changes in water temperature may increase the interactions between native salmonids 
and non-native fish species.



Thank you


