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ABSTRACT 

Wade, J., and P. Grant. 2023. Global Variation in the Thermal Tolerances of Lamprey. 
Can. Manuscr. Rep. Fish. Aquat. Sci. 3266: v + 18p. 

 

The degree to which freshwater fishes are vulnerable to climate change is dependant on 
a species’ tolerance to change, and the magnitude of the change. Freshwater fishes are 
often highly sensitive to their thermal environments, especially those that are range 
restricted, which limits dispersal ability to thermal refugia. Understanding the thermal 
tolerances for species is therefore necessary to determine their potential vulnerability to 
climate change, and inform potential conservation management decisions for species. 
Lamprey, which evolved hundreds of millions of years ago have a global distribution in 
both freshwater and marine habitats. Despite variation in distribution, climate change has 
been identified as potential threat across all species, yet the degree of that impact is not 
fully understood. This is particularly concerning for lamprey species already considered 
at risk of extinction, such as the Western Brook Lamprey, Morrison Creek population 
(Lampetra richardsoni) and the Vancouver Lamprey (Entosphenus macrostomus) in 
British Columbia, where nothing is known about the thermal tolerances of these species. 
A literature review was therefore conducted to understand thermal tolerances for lamprey 
globally. Despite their global distribution and evolutionary history the range of variation 
between species is fairly narrow and can be used to infer likely thermal tolerances for at 
risk lamprey in British Columbia.  
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RÉSUMÉ 

Wade, J., and P. Grant. 2023. Global Variation in the Thermal Tolerances of Lamprey. 
Can. Manuscr. Rep. Fish. Aquat. Sci. 3266: v + 18p. 

 

 

Le degré auquel les poissons d'eau douce sont vulnérables au changement climatique 
dépend de la tolérance d'une espèce au changement et de l'ampleur du changement. 
Les poissons d'eau douce sont souvent très sensibles à leurs environnements 
thermiques, en particulier ceux dont l'aire de répartition est restreinte, ce qui limite la 
capacité de dispersion vers les refuges thermiques. Comprendre les tolérances 
thermiques des espèces est donc nécessaire pour déterminer leur vulnérabilité 
potentielle au changement climatique et éclairer les décisions potentielles de gestion de 
la conservation des espèces. La lamproie, qui a évolué il y a des centaines de millions 
d'années, a une distribution mondiale dans les habitats d'eau douce et marins. Malgré la 
variation de la distribution, le changement climatique a été identifié comme une menace 
potentielle pour toutes les espèces, mais le degré de cet impact n'est pas entièrement 
compris. Ceci est particulièrement préoccupant pour les espèces de lamproies déjà 
considérées comme menacées d'extinction, telles que la lamproie de l'ouest, la 
population du ruisseau Morrison (Lampetra richardsoni) et la lamproie de Vancouver 
(Entosphenus macrostomus) en Colombie-Britannique, où l'on ne sait rien sur les 
tolérances thermiques de ces espèces. espèces. Une revue de la littérature a donc été 
menée pour comprendre les tolérances thermiques de la lamproie à l'échelle mondiale. 
Malgré leur distribution mondiale et leur histoire évolutive, la plage de variation entre les 
espèces est assez étroite et peut être utilisée pour déduire les tolérances thermiques 
probables pour la lamproie en péril en Colombie-Britannique. 
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INTRODUCTION 

Freshwater fishes are ectothermic organisms, where body temperature is regulated by 
the temperature of their surroundings. Often freshwater fishes are highly sensitive to their 
thermal environment resulting in altered distributions due to changing stream 
temperatures (Comte and Grenouillet 2013; Eby et al. 2014). For range restricted species, 
there is a limited ability to disperse into thermal refugia (Walters et al. 2018). One of the 
challenges for managing species at risk is determining the species’ vulnerability to climate 
change, which necessitates an understanding of a species’ thermal tolerance, or ability 
to withstand and function within a range of temperatures.  

Lamprey evolved hundreds of millions of years ago and have a global distribution in both 
freshwater and marine habitats (Wang et al. 2021). Although they exhibit multiple and 
varied life histories, climate change has been identified as a potential threat across all 
species, yet the degree of that impact is not fully understood (Wang et al. 2021). Despite 
their persistence with little change since they emerged in the fossil record, it is suspected 
that lamprey only survive within a narrow temperature range (Potter 1980). 

In British Columbia (BC), there are two lamprey species considered at risk of extinction: 
the Western Brook Lamprey, Morrison Creek population (Lampetra richardsoni) and the 
Vancouver Lamprey (Entosphenus macrostomus), otherwise known as the Cowichan 
Lake Lamprey. The lack of information on the thermal tolerances of these species inhibits 
the understanding of their vulnerability to climate change through increased water 
temperatures.  

The Morrison Creek population is endangered and restricted to the Morrison Creek 
watershed in Courtenay, BC. The Cowichan Lake Lamprey is threatened and restricted 
to Cowichan, Bear and Mesachie lakes on Vancouver Island. Recovery documents for 
both of these species hypothesize that stable temperatures contribute to the 
environmental conditions required for the survival of the species and should remain within 
a range of natural variation (DFO 2018; DFO 2019).  

Both of these species have an extended ammocoete phase, spending at least five years 
as filter-feeding ammocoete buried in the substrate before undergoing metamorphosis, 
then spawning and dying within a year (Pletcher 1963; Beamish and Wade 2008). 
However, within the range of both of these species, there are increased periods of 
summer and fall drought, and there is concern that water temperatures may exceed the 
range of natural variation more frequently. There are also site specific issues which may 
further influence temperature changes.  

The Morrison Creek watershed contains small water courses, fed via the headwaters from 
Comox Lake, that are surrounded by increasing urbanization. Urbanization and 
deforestation place additional stressors on the riparian area around the critical habitat 
throughout the watershed, and can result in increased water temperatures. However, 
healthy riparian buffers can aid in moderating air and water temperatures reducing threats 
and stressors and their potential effects on the watershed, and resident lamprey 
populations (Stephen et al. 2018).  
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In Cowichan and Mesachie lakes, higher water temperatures are an increasing concern 
as the available water (both coverage and depth) in alluvial fan habitat and in low flow 
tributaries, has been reduced in recent years (Wade et al. 2018; Chaudhuri et al. 2020; 
Wade et al. 2017; Wade and Grant 2021; Wade et al. 2021).  

Water levels in Cowichan Lake are regulated through a weir to manage water flows 
downstream for conservation and anthropogenic needs in the watershed (Wade and 
Grant 2021; DFO 2023). It has become evident that water storage no longer meets these 
needs during the summer and early fall and, in recent years emergency draw downs 
below zero storage have been necessary to provide water downstream of Cowichan Lake 
(DFO 2023). This water shortage is a result of a number of factors including climate 
change through increasing temperature, decreased snow pack in the winter (and 
subsequent melt during the summer), and decreased precipitation in early 
spring/summer, in addition to aggradation of alluvial fans and management of the weir.  

For Cowichan Lake Lamprey, this nearshore habitat and the alluvial fans are critical 
habitat for spawning, egg incubation and early rearing (Wade et al. 2018). Yet, in years 
of recent drought major alluvial fans in Cowichan Lake have been dry, rending these 
habitats completely unusable for spawning (see Wade et al. 2021 for details). 

For both Cowichan Lake Lamprey and Morrison Creek Lamprey, it is not only important 
that aquatic critical habitat remain wetted but also that water temperatures within those 
respective areas remain biologically available, and within their thermal tolerance levels 
for these species. However, nothing is known regarding the thermal tolerances, which is 
necessary to understand their vulnerability to climate change or what temperature ranges 
these species may have the ability to withstand and function within. Therefore, a literature 
review was conducted to understand thermal tolerances for lamprey globally, given their 
narrow thermal tolerances, to infer potential likely thermal tolerances for at risk lamprey 
in BC. 

 

METHODS 

A literature search of peer-reviewed and grey literature was undertaken in March 2023 
using Google Scholar, Google, the University of British Columbia library search function, 
and the DFO library database (Federal Science Library). 

Search terms included “lamprey and temperature”, “lamprey temperature tolerance”, 
“lamprey lethal temperature”, as well as combinations of the scientific names of lamprey 
(Table 1) and temperature. 

Each paper was reviewed for data and information relating to temperature and 
temperature effects on lamprey. Only papers written in English or French were reviewed. 
Relevant references cited in any of these papers were also retrieved for use.  
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RESULTS 

Although incipient lethal temperatures are important to understand for conservation of 
species in a changing climate, sub-lethal effects on all stages of development may be 
equally as important as they may affect individual and population fitness and resilience. 
Besides thermal limits, deformations, mortality, morbidity, physiological effects, and 
behavioural changes are some concerns. These effects will be discussed by life history 
stage when available.  

 

Table 1. Lamprey species and corresponding life history traits used within this study. A-
P=anadromous parasitic, F-NP=freshwater non-parasitic, F-P=freshwater parasitic. 

 

 Common name Scientific name Life 
history 

 Pacific Lamprey Entosphenus tridentatus A-P 
 Western Brook Lamprey Lampetra richardsoni F-NP 
 River Lamprey Lampetra ayresii A-P 
 Great Lakes Sea Lamprey  Petromyzon marinus F-P 
 Sea Lamprey  Petromyzon marinus A-P 
 Chestnut Lamprey Ichthyomyzon castaneus F-P 
 American Brook Lamprey Lampetra lamottei F-NP 
 European Brook Lamprey Lampetra planeri F-NP 
 Northern Brook Lamprey Ichthyomyzon fossor F-NP 
 European River Lamprey Lampetra fluviatilis A-P 
 Arctic Lamprey Lenthenteron camtschaticum A-P 
 Silver Lamprey Ichthyomyzon unicuspis F-P 
 Southern Brook Lamprey Ichthyomyzon gagei F-NP 
 Pouched Lamprey Geotria australis A-P 

 

ADULT STAGE 

A few studies were found that described the temperatures required to initiate spawning. 
Beamish (1980) indicated that River Lamprey held in the lab did not spawn until 
temperatures reached 12.0°C. Spawning season for European River Lamprey does not 
begin until temperatures rise above 9.0°C (Cejko et al. 2016). Under artificial conditions 
European River Lamprey need temperature ranges of 13.0–14.0°C to initiate spawning 
(Silva et al. 2015); while Sea Lamprey adults need 15.0–20.0°C (Ciereszko et al. 2000). 
A summary of temperatures in which spawning has occurred/been reported is provided 
in Table 2.  
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Table 2. Water temperatures in which lamprey spawning has been observed to occur. 

 

Common 
name 

Temperature 
(°C) during 
spawning 

(mean) 

Location Dates of 
observation/ 

spawning 
events 

Reference 

Pacific 
Lamprey 

7.5–14.9 Oregon 28 May to 13 
June 

Close et al. 2003 

10.0–22.0 Washington 16 April–14 
July 

Lê et al. 2004 in 
Meeuwig et al. 2005 

10.0–18.0 
(approximately) 

  Clemens et al. 2016 

10.1–17.3 Washington May–July Stone 2006 
Western Brook 
Lamprey 

10.0–22.0 Washington 16 April–14 
July 

Lê et al. 2004 in 
Meeuwig et al. 2005 

7.8–20.0  April to early 
July 

Pirtle et al 2002 

9.5–16.5 British 
Columbia 

15 May–9 
June 

Wade and Grant 2022 

8.6–17.4 Washington  Stone et al. 2002 
9.4–16.0 Washington April–July Stone 2006 

Chestnut 
Lamprey 

15.0–22.0 (19.9) Wisconsin  Cochrane 2014 
19.0 Arkansas  Robison et al. 1983  
16.5 Manitoba  Case 1970 

15.6–22.2 (18.3) Michigan 28 May–25 
June (peak 
early June) 

Morman 1979 

Northern Brook 
Lamprey 

12.8–23.3 (18) Michigan 26 May–6 July 
(peak late 
May to mid 
June) 

Morman 1979 

Silver Lamprey 12.8–22.8 (18.3) Michigan 23 May–26 
June (peak 
early June) 

Morman 1979 

22.7   Greeley 1930 in 
Cochrane and Marks 
1995 

American 
Brook Lamprey 

6.7–20.6 (14.1) Michigan 20 April–26 
June (peak 
early May) 

Morman 1979 

Great Lakes 
Sea Lamprey 

11.1–26.1 (18.2) Michigan 27 May–2 
September 
(peak late 
May to mid 
June) 

Morman 1979 

Southern Brook 
Lamprey 

23.9   Dendy and Scott 1953 
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European River 
Lamprey 

11.0   Hagelin and Steffner 
1958 

 

It was hypothesized, based on temperature tolerance of maturing Pacific Lamprey, that 
warmwater temperatures and low river flow could negatively effect the species (Clemens 
et al. 2016). Results from a recent heat wave resulted in pre-spawn mortality of upstream 
migrating Pacific Lamprey due to decreased river flow and increased river temperatures 
(20.8–30.6°C, mean 26.6°C) (Clemens 2022). This study and others illustrate that 
lampreys will likely, and are currently, losing habitats in lower latitudes with a changing 
climate (Clemens 2022; Wang et al. 2020; Wang et al. 2021; Reid and Goodman 2016).  

Temperature has been shown to have a direct effect on the migration of other species of 
lamprey as well. The seasonal distribution of migratory activity of Great Lakes Sea 
Lamprey has been demonstrated to relate to mean stream temperature, with estimated 
peak migration at approximately 15°C (Binder et al. 2010). Similarly, Applegate (1950) 
reported that migratory activity in Great Lakes Sea Lamprey was highest between 10 and 
18°C, decreasing above and below these temperatures (as stated in Binder et al. 2010). 
There has also been the suggestion that changes in temperature were more important 
than absolute temperature for migrating Great Lakes Sea Lamprey (Skidmore 1959). In 
Sea Lamprey, changes in diel activity of sexually immature upstream migrants was 
studied. At low temperatures (7.0°C) lamprey were inactive; at high temperatures 
(≥20.0°C) the normal nocturnal peak in activity was reduced, and fish were active during 
the day; rapid increases in temperature (7.0–8.0°C in 4hr) stimulated transient daytime 
activity that subsided when temperatures were stabilized (Binder and MacDonald 2008). 

In European Brook Lamprey, the nightly variation in migratory activity was attributed to a 
combination of temperature and discharge (Malmqvist 1980; Tesch 1967 in Binder et al. 
2010). Increased stream discharge has been attributed as a factor contributing to the 
variation in migratory activity of anadromous Sea Lamprey, Pacific Lamprey and 
European River Lamprey (Almeida et al 2002; Andrade et al 2007; Masters et al. 2006; 
Luzier and Silver 2005 in Binder et al. 2010).  

Adult lamprey have also demonstrated behavioural thermoregulation and physiological 
responses to temperature. Great Lakes Sea Lamprey select 14.3°C as a preferred 
temperature when presented a gradient of 6.6 to 21.5°C (McCauley et al. 1977). Adult 
Pacific Lamprey show signs of stress, i.e., increased heart rate and ventilation, with 
increasing temperatures (increase from 10 to 20°C Lemons and Crawshaw 1984; 5,15 
and 20°C Johansen et al. 1973). 

 

MATURING LAMPREY 

Temperature has been shown to play a role in the onset of maturation in Pacific Lamprey. 
In laboratory studies, mature Pacific Lamprey that returned to freshwater, were held at 
two temperatures, 21.8°C (ambient) and 13.6°C (both mean values) (Clemens et al. 2009). 
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All fish exposed to the ambient (warm) water regime matured the following spring, while 
only half of those exposed to the cooler temperature matured (Clemens et al. 2009). By 
examining the local environmental conditions and natural spawning migration, this work 
also suggests that warm summer temperatures >20.0°C select against stream maturing 
Pacific Lamprey by speeding up maturation and slowing down migration, as well as 
increasing gonad atrophy and death prior to spawning (Clemens et al. 2009).  

A study of gamete production in European River Lamprey demonstrated that holding 
temperature had a significant effect on both quantity and quality of sperm produced 
(Cejko et al. 2016). They reported that 70% of males held at 10.0 and 14.0°C did not 
spermiate; all those held at 7°C produced high quality sperm (Cejko et al. 2016). Holding 
temperature however had no effect on egg quality or quantity but did on timing of 
ovulation. Those held at a higher temperature (14.0°C) ovulated first, followed by those 
held at 10.0°C then 7.0°C (Cejko et al. 2016). The ova quality was equal but took longer 
for ovulation to occur (Cejko et al. 2016).  

Two studies have examined the temperature at which zero egg development occurs. For 
Great Lakes Sea Lamprey this was determined to be 6.9°C (Rodriguez-Munoz et al. 2001) 
and, 5.0°C and 4.9°C for Western Brook Lamprey and Pacific Lamprey respectively 
(Meeuwig et al. 2005).  

 

EGGS 

Survival of fertilized eggs to hatch or burrowing has been investigated at many different 
temperatures for many lamprey species (Table 3). Great Lakes Sea Lamprey optimal 
hatching temperatures have been reported between 15 and 20°C (McCauley 1963), but 
Piavis (1961) reported no egg survival within temperatures greater than 21.1°C and less 
than 15.6°C. In general, based on information presented in Table 3, the highest survival 
rates have been reported at temperatures in the mid to high teens with survival decreasing 
as temperatures enter the 20’s.  

 

Table 3. Survival of fertilized lamprey eggs to larval stage. 

Common name Survival period Temperature 
(°C) 

Survival 
(%) 

Reference 

Great Lakes Sea 
Lamprey 

Fertilization to 
burrowing 

16.0, 19.0, 23.0 >58 Rodriguez-Munoz et 
al 2001 

Fertilization to 
burrowing 

<11.0 0 

Fertilization to 
burrowing 

<15.6 0 Piavis 1961 

 >21.1 0 
Silver Lamprey Fertilization to 

burrowing 
18.4 96.1 Smith et al. 1968 
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Pacific Lamprey Survival to hatch 10.0–18.0 90%+ Meeuwig et al. 2005 
Survival to hatch 22.0 60%s 
 10.0–22.0 >50 

Western Brook 
Lamprey 

Survival to hatch 10.0–18.0 90%+ Meeuwig et al. 2005 
Survival to hatch 22.0 60%s 
 10.0–22.0 >50 

American Brook 
Lamprey 

Embryo to hatch 18.4 96.1 Smith et al. 1968 

Chestnut Lamprey Embryo to hatch 18.4 80.9 Smith et al. 1968 
Northern Brook 
Lamprey 

Embryo to hatch 18.4 82.9 Smith et al. 1968 

 

Larval abnormalities associated with incubation temperature have been demonstrated. In 
Western Brook Lamprey and Pacific Lamprey, abnormalities were highest at 22.0°C 
(30%s approx.), with low levels of abnormalities (< approx. 6%) at 10.0,14.0, and 18.0°C 
(Meeuwig et al. 2005). In Great Lakes Sea Lamprey, developmental abnormalities in 
fertilized eggs were the least at 18.3°C and increased as temperature deviated from this 
in either direction (lowest 7.2°C , highest 26.7°C ) (Piavis 1961).  

 

AMMOCOETES 

Temperature is likely one of the factors limiting lamprey distribution to temperate latitudes; 
specifically, temperature tolerances of the longest phase of any lamprey’s life cycle, the 
ammocoete, cannot survive in temperatures much greater than 28–30°C (Potter 1980, 
Table 4). There are two species which can survive outside this latitude, the Mexican 
Lamprey (Tetrapleurodon spadiceus) and Mexican Brook Lamprey (T. geminis) however 
they are found at high altitudes where water temperatures are lower than those found 
coastally (Potter 1980). Incipient lethal temperatures have been determined for 
ammocoetes of several species and genera and summarized below (Table 4).  

Table 4. Incipient lethal temperatures for lamprey ammocoetes. *Two times of year 
were examined. 

Common 
name 

Species Acclimated 
temperature (°C) 

Incipient lethal 
temperature (°C ) 

Reference 

Northern 
Brook 
Lamprey 

Ichthyomyzon 
fossor 

15.0 30.5 Potter & 
Beamish 
1975 

Great Lakes 
Sea Lamprey 

Petromyzon 
marinus 

5.0, 15.0 31.4 Potter & 
Beamish 
1975 

American 
Brook 
Lamprey 

Lampetra lamottei 15.0 29.5 Potter & 
Beamish 
1975 
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European 
Brook 
Lamprey 

Lampetra planeri 15.0 29.2 and 29.4* Potter & 
Beamish 
1975 

Pouched 
Lamprey 

Geotria australis 5.0, 15.0, 25.0 28.3 Macey & 
Potter 1978 

Arctic 
Lamprey 

Lenthenteron 
camtschaticum 

 29.3 Arakawa & 
Yanai 2021 

 

In addition to studies that were conducted to determine incipient lethal temperatures, 
several studies have reported other related temperature maximums for various species. 
For example, Pacific Lamprey ammocoetes were able to survive after 30 days exposed 
to 27.0°C (Uh and Whitesel 2017 in Falcon 2021). Wood et al. (1999) report that Great 
Lakes Sea Lamprey ammocoetes between 88 and 162 mm in length can tolerate a 
maximum temperature of 29°C. Preferred winter temperatures for Great Lakes Sea 
Lamprey have been reported as 16.8°C (Holmes and Lin 1994) and 13.6°C (Reynolds and 
Casterlin 1978 in Holmes and Lin 1994). Holmes and Lin (1994) suggest this 3°C 
difference is due to differences in experimental methods. Preferred summer temperature 
for Great Lakes Sea Lamprey ammocoetes was reported as 20.8°C and a fundamental 
or overall thermal niche ranging from 17.8 to 21.8°C (Holmes and Lin 1994).  

Ammocoete behaviour is also reported to be affected by temperature. For example, 
Pacific Lamprey ammocoetes can cope with temperatures of 27.0°C for short periods of 
time and the outcome is better if they can quickly burrow (11 day lab trials) (Falcon 2021). 
Ammocoetes exposed to 27.0°C burrowed faster than those at 18.0°C (Falcon 2021). In 
lethal temperature trials, Great Lakes Sea Lamprey acclimation temperature affected 
whether or not ammocoetes re-burrowed when the temperature was increased. For 
example, if acclimated to 25.0°C , all ammocoetes burrowed when put in the experimental 
tanks even at 33.0°C ; if acclimated to 5.0°C no animals burrowed on transfer to 30.0°C 
(Potter and Beamish 1975). 

Growth rates are, unsurprisingly, influenced by temperature. Growth and survival studies 
of Arctic Lamprey ammocoetes demonstrated that growth rates (total length and wet 
mass) were higher at cooler temperatures than warm. The highest growth rate was at 
18°C, and the lowest at 29.5°C (Arakawa and Yanai 2021). Survival rates were 97–100% 
at 18.0, 26.5 and 28.0°C; 60% at 29.5°C; and 3.3% at 31°C (Arakawa and Yanai 2021). 
Arctic Lamprey ammocoetes do not survive long at high temperatures as is demonstrated 
in lab studies which report median lethal dose (LD50) values of 144–304 hr at 29.0°C, 
12–96 hr at 30.0°C and 0.5 hr at 33.0°C (Arakawa and Yanai 2021). Great Lakes Sea 
Lamprey ammocoetes have been reported to grow faster in moderately warm streams 
than cold ones (Young et al. 1990; Holmes 1990 in Holmes and Lin 1994), although no 
temperatures were specified. Another study demonstrated the increase in metabolic 
activity as evidenced by an increase in tolerance of Great Lakes Sea Lamprey 
ammocoetes to lampricides as water temperature increased (lowest temp 11.6°C, highest 
22.2°C) (Hlina et al. 2021). The authors propose that increases in metabolic rates and 
enzymatic activity increase with temperature as do detoxifying enzymes (Hlina et al. 
2021).  
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Water temperature has also been shown to affect other aspects of ammocoete 
physiology. For example, Great Lakes Sea Lamprey ammocoetes have been 
demonstrated to increase ventilation frequency at higher temperatures, an indication of 
stress (20.0°C vs. 4.0°C) (Rovainen and Schieber 1975). 

 

METAMORPHOSIS 

Water temperature is a critical cue for metamorphosis influencing its onset, development 
and incidence (Dawson et al. 2015). Great Lakes Sea Lamprey held at 21.0°C prior to 
metamorphosis were more likely to metamorphose than those held at 13.0°C (Purvis 
1980; Youson et al. 1993). However, when held at constant temperatures for extended 
period of time (9 months) prior to metamorphosis, 53% of those under ambient 
temperatures and 2% of those at 21.0°C metamorphosed (Holmes and Youson 1994). 
Both temperature and body condition (min 1.5 needed) are believed to play a role (Holmes 
and Youson 1994; Youson et al. 1993). Similarly, low temperatures during the winter have 
been shown to be necessary for lamprey to increase lipid storage for successful 
metamorphosis the following spring (Lowe et al. 1973; O’Boyle and Beamish 1977; 
Dawson et al. 2015). Warmer waters have also been hypothesized to cause Great Lakes 
Sea Lamprey to metamorphose at a younger age (Purvis 1980). This may be because 
the lamprey has reached an optimal condition factor faster at warmer temperatures.  

One study was found which tested lethal temperature limits of lamprey undergoing 
metamorphosis. Golovanov et al. (2019) subjected European River Lamprey “smolts” to 
an increase of 9oC/hr until they reached the upper sublethal temperature (SLT) and then 
the upper lethal temperature (ULT). The experiment was conducted during both day 
(SLT=19.0°C, ULT=30.8°C ) and night (SLT=28.9°C, ULT= 31.1°C) (Golovanov et al. 
2019).  

 

CONCLUSION 

Variation in global thermal tolerances have been identified across life stages and 
functions for lamprey species. For example, it has been suggested by several authors 
that Pacific Lamprey and Western Brook Lamprey have a broader zone of thermal 
tolerance than Great Lakes Sea Lamprey (Meeuwig et al. 2005; Piavis 1961; Rodriguez-
Munoz 2001). Meeuwig et al. (2005) demonstrated a similar response to temperature by 
Pacific Lamprey and Western Brook Lamprey suggesting similar reproductive timing and 
thermal habitat requirements for early life stage development. Other species specific 
differences have been demonstrated, including, time to reach burrowing stage. At 18.4°C, 
it took Great Lakes Sea Lamprey longer to reach burrowing stage from fertilized egg than 
American Brook Lamprey, Northern Brook Lamprey, Chestnut Lamprey, and Silver 
Lamprey (results from both Smith et al. 1968 and Piavis 1961). Although there are species 
specific differences in thermal tolerances, for lamprey, in general, they are all within a 
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fairly narrow range, which provides an ability to infer what the likely thermal tolerances 
could be for at risk species of lamprey in BC. 

Inferred likely thermal tolerances for Western Brook Lamprey, Morrison Creek population 
and Cowichan Lake Lamprey: 

Spawning and incubation 

 The temperature range at which spawning has been observed/reported ranges 
from 6.7°C in American Brook Lamprey to a maximum of 26.1°C in Great Lakes 
Sea Lamprey. Mean temperature values at which spawning has occurred appears 
to be mid to high teens for all species combined (Table 2).  

 High water temperatures (20.8–30.6, mean 26.6°C ) and low water flow has caused 
pre-spawn mortality in upstream migrating Pacific Lamprey (Clemens 2022). 

 Cues to upstream migration of lamprey in spawning condition likely include water 
discharge and temperature (Malmqvist 1980; Almeida et al. 2002; Andrade et al. 
2007; Masters et al. 2006; and Luzier and Silver 2005 in Binder et al. 2010). 

 Temperature has been shown to play a role in the onset of maturation with 
temperatures >20.0°C inhibiting successful maturation in Pacific Lamprey 
(Clemens et al. 2009). 

 Gamete production in European River Lamprey has been shown to be affected by 
temperature. With low temperatures (7.0°C) resulting in high quality sperm in all 
lamprey, but only 30% of males spermiating at 10.0 and 14.0°C. Similarly, ovulation 
was slowed at 14.0°C , followed by 10.0 and 7.0°C (Cejko et al. 2016). 

 Zero egg development has been reported at 6.9°C in Great Lakes Sea Lamprey, 
at 5.0°C in Western Brook Lamprey and at 4.9°C in Pacific Lamprey (Rodriguez-
Munoz et al. 2001; Meeuwig et al. 2005). 

 Temperature influences the incidence of egg and subsequent larval abnormalities. 
Western Brook Lamprey and Pacific Lamprey experience low levels of 
abnormalities at temperatures between 10.0–18.0°C, but high at 22.0°C; similarly, 
Great Lakes Sea Lamprey had the lowest abnormalities at 18.3°C, but increased 
both above and below this temperature (minimum 7.2°C, maximum 26.7°C) 
(Meeuwig et al. 2005; Piavis 1961). 

 Survival of eggs to hatch or burrowing is influenced by temperature. The highest 
survival rates have been reported at temperatures in the mid to high teens with 
survival decreasing as temperatures enter the >20°C range (Table 3). 

 It has been demonstrated that the embryonic stage of Sea Lamprey had the 
broadest thermal tolerance compared to larvae, juveniles and adults (Rodriguez-
Munoz et al. 2001). 
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Ammocoetes 

 Incipient lethal temperature for ammocoetes across species, is approximately 
28.0–30.0°C (Potter and Beamish 1975; Macey and Potter 1978; Arakawa and 
Yanai 2021). 

 Preferred temperatures for Great Lakes Sea Lamprey ammocoetes are much 
lower than incipient lethal temperatures with an overall thermal niche of 17.8°C–
21.8°C (Holmes and Lin 1994).  

 Burrowing behaviour is affected by temperature where high temperatures (27.0°C) 
resulted in quicker burrowing than lower temperatures (18.0°C ) (Falcon 2021).  

 Arctic Lamprey ammocoete growth and survival are highest at cooler temperatures 
(18.0°C ) than at warmer temperatures (>26.5°C ) (Arakawa and Yanai 2021).  

Metamorphosis 

 Water temperature is a critical cue for metamorphosis influencing the onset, 
development and incidence of metamorphosis (Dawson et al. 2015; Purvis 1980; 
Youson et al. 1993; Lowe et al. 1973; O’Boyle and Beamish 1977; Dawson et al. 
2015). 

 Warm winter water temperatures (21.0°C) inhibit metamorphosing lamprey from 
reaching optimal condition factors in order to complete metamorphosis the 
following spring (Holmes and Youson 1994). 

 Warm waters, in general, increase the growth of ammocoetes which then undergo 
metamorphosis at an earlier age than normal (Purvis 1980).  
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