
Water Temperature and Gulf of Maine Atlantic Salmon   

  

Atlantic salmon have higher tolerance to warm water temperatures than Pacific salmon species 
(McCullough, 1999) and their closer cousins in the genus Salar, the Arctic charr and brown trout (Jensen 
et al., 1989). Warm temperatures can reduce fecundity, decrease egg survival, retard growth of fry and 
smolts, reduce rearing densities, increase susceptibility to disease and decrease the ability of young 
salmon and trout to compete with other species for food and to avoid predation (McCullough, 1999). 
The Maine "Atlantic Salmon Technical Advisory Committee (Dill et al., 2002) expressed concern about 
the potential impacts of increased water temperature on Gulf of Maine Atlantic salmon stocks:  

"Maine rivers lie near the southern extent of the Atlantic salmon’s range in, and are vulnerable to 
elevated water temperature regimes. Contributing factors include improper or unregulated land use 
practices, impoundment of free-flowing reaches (where applicable), discharge of industrial processing or 
cooling water, and broad climatic changes. Relatively minor increases in water temperature may 
diminish habitat suitability for adult and juvenile salmon, lead to sub-lethal or lethal physiological 
responses, and have a profound negative effect on the production potential of a river or stream."  

Cold water temperatures in Gulf of Maine rivers during winter may also limit Atlantic salmon growth 
and survival because temperatures dip below 4° C, which is limiting to growth in all life history phases 
(Armstrong et al., 2004). Formation of anchor ice can also be a major problem for salmonids during 
periods of severe cold, although juveniles tend to move to deeper areas durung winter (Hendry and 
Cragg-Hine, 2003).  
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Elliot and Hurley (1997) defined the lower and upper temperature limits for growth of Atlantic salmon 
as 6.0° and 22.5° Celsius (C), and 15.9° C as the optimum temperature. Crisp (1993) indicated that the 
species shows signs of stress at approximately 22° C and that upper lethal limits were between 25° and 
28° C. Swansburg et al. (2002) and the Maine Atlantic Salmon TAC (Dill et al., 2002) expressed 
concern over possible changes in Canadian and Maine rivers, respectively, related to global warming, 
with models suggesting reduced future growth rates of Atlantic salmon juveniles.  Table 1 summarizes 
temperature tolerance values by life history stage for Atlantic salmon.  

Table 1. Atlantic salmon water temperature tolerance in degrees Celsius by life history stage.  

Sheepscot River at Weeks Mills Road 
in Fall. Click to enlarge photograph. 
55 KB.

Photos by Melissa Halsted. Click to 
enlarge. 63 KB.

River nearly ice cover
enlarge photo. 53 KB.

Life Stage Optimum 
Range Minimum Maximum Literature Cited 

Spawning 5-8° C 4.0° C 10-12° C DeCola (1970), Danie et al. (1984), Beall and 
Marty (1983) 

Egg/Alevin 4-7.2°  0.5°  12° DeCola (1970), Peterson et al. (1977), Elliot 
et al. (1998) 

Early Fry 8-19°  0.5°  23.5-27.7° Danie et al. (1984), Jensen et al. (1991) 

Parr

               
Feeding 15-19°  3.8°  22.5°  DeCola (1970, Elson (1975), Danie et al. 

(1984), Elliott (1991) 

               
Survival 0.5-20° 0° 27-32°  Garside (1973), Elliot (1991), Elliott and 

Elliott (1995) 

Smolt 
(Migrating) 7-14.3° 5°  19°  

Bakshitansky et al. (1979), LaBar et al. 
(1978), Jonnson and Rudd-Hansen (1985), 
Duston et al. (1991), Shepard (1991) 

Adult 
(Migrating) 14-20°  8° 23°  Elson (1969), Danie et al. (1984), Shepard, 

S.L. (1995) 
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Interestingly, Jensen (1990) found that Atlantic salmon parr grew at a faster rate at a given water 
temperature in spring than at the same temperature in fall, when streams were cooling. Bult et al. (1999) 
noted that juvenile Atlantic salmon selected feeding areas with slower currents when water temperatures 
were elevated and Metcalfe et al. (1997) postulated that such movement and loss of territorial behavior 
would reduce growth. Hendry and Cragg-Hine (2003) described seasonal behavior changes driven by 
temperature: "Juvenile salmon leave the riffles in autumn as temperatures decrease, and spend the colder 
months in the deeper pools, reappearing in shallower water in spring when temperatures reach 6 to 7°C."

Lethal temperatures for Atlantic salmon derived in the laboratory may vary depending on periods of 
acclimation (see Table 2). When water temperatures are raised rapidly, fish may survive briefly at 
temperatures of 32° C or higher, but the lethal level drops closer to 27° C when water temperatures are 
raised more slowly (Elliot and Elliot, 1995). Gradual increases are more similar to conditions in nature 
and some laboratory experiments may not reflect survival in streams. Fish in the wild must forage for 
food and avoid predation, while in laboratory environments the fish are fed and protected from 
predators. Stress may also occur at lower temperatures in the wild as the fish must cope with all the 
variables of its environment.  

Table 2. Heating rates or durations and incipient lethal water temperatures for juvenile Atlantic salmon 
fry and parr. 

Juveniles (Parr) 

Photo: Parr. By Susan Scott from 
Ecology of Atlantic Salmon (Hendry 
and Cragg-Hine, 2003). 195 KB

During the parr life stage Atlantic salmon may be limited by 
cold water temperatures as well as elevated ones. "The 
growing season for Atlantic salmon has been defined as the 
number of days during which the air temperature exceeds 
5.6° C (Power, 1981) or the water temperature exceeds 7° C 
(Symons, 1979)" (as cited in Armstrong et al., 2004).  
Heggenes (1990) noted that Atlantic salmon parr burrowed in 
the substrate of streams when water temperatures were at 
winter lows, most likely to come in contact with warmer 
ground water.  Anchor ice may form in severely cold years 
freezing streams solid in some reaches. 

  Age Class  Acclimation 
Temperature Heating Rate Incipient Lethal 

Temperature Literature

0+ and 1+ 20° C

0.1° C/hr.  

1° C/hr.  

18° C/hr.  

27.74° C (±1.20) 

32.63° C (±0.38)  

32.83° C (±0.83)  

Elliott and Elliott 
(1995) as cited in 
McCullough (1999)

0+ and 1+ NA NA

27.8° C at 7 days 

29.5° C at 1000 
minutes   

31.1° C at 100 

Elliott (1991) as cited 
in Dill et al. (2002)  
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Effects of Disease and Competition  

Substantial research demonstrates that many fish diseases become more virulent at temperatures over 
15.6º  C (McCullough, 1999). Some diseases, like infectious hematopoietic necrosis (IHN) that are 
present in Maine, however, are triggered by low water temperatures. Fish disease organisms are always 
present in the water, but as salmonid species become stressed by higher temperatures their resistance 
drops and the likelihood of an epidemic increases (Gullien, 2003). "Also, diseased fish probably are 
more susceptible to predation and less able to perform essential functions, such as feeding, swimming, 
and defending territories" (McCullough, 1999). Hatchery reared salmonids are more susceptible to 
disease than wild fish because of high fish rearing densities (Baum, 1997).  

Baum (1997) noted that disease outbreaks in wild Atlantic salmon in Maine rivers are not common. 
Danie et al. (1984), however,  noted that "temperatures of 20-27° C reduce resistance to disease and 
therefore are indirectly lethal" to Atlantic salmon. Common fish diseases in Maine such as Ich 
(Ichthyophthirius multifiliis) and Columnaris (Flavobacterium columnare) are known to pose greater 
risk to salmonids when water temperatures are elevated. Dickerson and Dawe (1995) noted that fish 
were more susceptible to Ich when stressed and when water temperatures were elevated, although 
incidence increased with crowding. Guillen (2003) noted that Columnaris also becomes more 
communicable during periods of elevated water temperature and low flow and that the two diseases may 
also act together on stressed fish as resistance drops after initial infection. 

minutes 

32.9° C at 10 
minutes 

2-3 month old 
fry 17° C .04-.08° C/hr. 28.7-29.2°C

Grande and Anderson 
(1991) as cited in 
McCullough (1999)

3-4 month old 
fry 17° C 0.08° C/hr. 29.2°C  

Grande and Anderson 
(1991) as cited in 
McCullough (1999)

 Atlantic Salmon Adults/Spawning

Atlantic salmon adults from Fishbase. 
Photo by J. Moreau 53 KB

Danie et al. (1984) defined Atlantic salmon spawning 
temperatures as 4.4° and 10° C, while Beall and Marty 
(1983) found that fish would spawn in water as warm as 12° 
C, but not in warmer conditions. Adult salmon sometimes die 
when temperatures reach 26-27° C for several days and 
adults will not migrate upstream in water temperatures over 
23° C (Garside, 1973; DeCola, 1970; Danie et al., 1984; 
Hawkins, 1989; Shepard, 1995). By contrast, low water 
temperatures may impede adult spawning migrations in 
places like northern Canada where entry of Atlantic salmon 
into rivers in spring is keyed by when river temperatures 
warm (Mills, 1991).
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While salmonids may survive warm water temperatures in laboratory conditions, competition with warm 
water tolerant species in the wild may make survival problematic. Competitive interactions can reduce 
the ability of salmonids to maintain feeding stations and grow in streams with warmer temperatures 
(McCullough, 1999). There are numerous warm water adapted species that have been introduced as 
game fish to Gulf of Maine rivers (Meister, 1982). The performance of these fish improves with 
increasing water temperatures, while Atlantic salmon move away from preferred habitats and become 
less competitive and likely more subject to predation. 

  

Factors That Influence Water Temperature  

 Halsted (2002) suggested that flow depletion may exacerbate water temperature problems in the 
Sheepscot River, particularly in late summer and early fall..  

 
Graph showing factors that 
influence stream temperature, 
from Bartholow (1989). 17 KB

 Bartholow (1989) found that air temperature above the stream 
surface was the greatest factor in increasing water temperatures 
followed in importance by relative humidity and shade, respectively 
(see graph at left). Bartholow's (1989) work was based on field data 
from hundreds of locations throughout the West used to develop the 
SNTEMP stream temperature model. While many previous works 
considered direct solar radiation to be the dominant mechanism for 
warming streams (Brown, 1980 as cited in Spence et al., 1998), most 
of the recent scientific literature considers air temperature over the 
stream to be the most influential factor (see quote from Essig, 1998 ). 
Poole and Berman (2000) also recognize the relationship between 
increasing air flow over the stream and water temperature elevation 
(see quote).   

Riparian photo of a Sheepscot 
River tributary. By Melissa 
Halsted, SVCA. 124 KB

While there are many forest settings in the west with 
undisturbed riparian conditions, most of the temperate forest 
of Maine has been harvested at least once and much is still 
actively managed today. The National Research Council 
(2004) pointed out that while forests in Maine covered 92% 
of the landscape before disturbance (1600), that only 53.2% 
was forested in 1872, but that forests again covered 89.6% of 
the state by 1995. Although largely forested today, forest 
condition and health may be much different than forests in a 
pre-disturbance conditions. Consequently, there is a gap in 
understanding to what degree historic riparian conditions in 
old growth forests of Maine may have controlled or buffered 
water temperatures, and restoring such function may be 
challenging due to the lack of baseline data. Burgi and 
Russell (2001) recommend that historians work together with 
ecologists to reconstruct historic conditions for better 
understanding of pre-disturbance conditions and the nature of 
human disturbance and its effects on ecosystems over 
time. See Riparian Zones and Large Woody Debris 
Background page for more information. 
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Sedimentation of streams may also contribute to elevated water temperatures. Sediment can fill pools 
and cause the width-to-depth ratio of a stream to increase, which can facilitate heat exchange (Poole and 
Berman, 2000). Poole and Berman (2000) noted that large wood jams can contribute to stream cooling 
by forcing more stream flow into shallow ground water, which is called the hyporheic zone. The water 
drops slightly in temperature before emerging downstream. Whether there are similar benefits from 
beaver ponds on Maine rivers needs to be explored.   

For a synthesis of information on water temperature suitability in the Sheepscot River, see Hypothesis 
#2: Elevated water temperature is limiting Atlantic salmon production in many reaches and tributaries 
of the Sheepscot River.  
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