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ABSTRACT 

 

Mackey, T., C.T. Hasler, and E.C. Enders. 2019. Summary of Temperature Metrics for Aquatic 

Invasive Fish Species in the Prairie Region. Can. Tech. Rep. Fish. Aquat. Sci. 3308: viii + 

62 p. 

 

Fish are poikilothermic meaning their internal body temperature reflects the temperature 

of their surrounding environment. For this reason, temperature is a strong predictor of species 

distribution and can be used to assess the likelihood that fish species can survive in newly 

invaded regions. In 2018, the Science and Research Branch of the Ontario Ministry of Natural 

Resources and Forestry compiled thermal metrics (e.g., critical thermal maximum and 

minimum, final temperature preferendum, and optimal spawning temperature) for numerous 

current and potential invasive species that could establish in the Laurentian Great Lakes region. 

The objective of this report was to apply a similar approach to explore the likelihood of 

establishment for non-native fishes that pose a risk to the Prairie region using thermal metrics. 

Based on a review of provincial and state agency webpages and discussion with local experts, 

68 fish species were identified that either have invaded or are identified as potential invaders 

to the Canadian Prairie region. Thirty (44%) of the identified species are known to overwinter 

in the Prairie region. Therefore, the typical winter condition in the Prairie region is not a 

hindrance to the spread of these species throughout the region. From the thermal metrics, an 

additional nine species are thought to have the opportunity to establish in the Prairie region due 

to the ability to overwinter in the region. No temperature data were found for an additional ten 

species, though the majority of these species are unlikely to tolerate extreme winter conditions 

in the Prarie region. However, there was not sufficient data available for eleven species to 

assess their potential to survive winter conditions typical of the Prairie region. Given their 

current distribution range and habitat use, this is a knowledge gap that should be addressed to 

inform future risk assessments. Subsequently, several research opportunities have been 

identified to reduce knowledge gaps and inform risk assessments under current and warming 

climate regimes to predict the likelihood of species invasion and survival in the Prairie region. 
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RÉSUMÉ 

 

Mackey, T., C.T. Hasler, and E.C. Enders. 2019. Summary of Temperature Metrics for Aquatic 

Invasive Fish Species in the Prairie Region. Can. Tech. Rep. Fish. Aquat. Sci. 3308: viii 

+ 62 p. 

 

Les poissons sont poikilothermiques, ce qui signifie que leur température interne du 

corps reflète la température de leur environnement. Pour cette raison, la température est un 

puissant facteur de prédiction de la distributtion des espèces et peut être utilisée pour évaluer 

la probabilité de survie des espèces de poissons dans les régions nouvellement envahies. En 

2018, la Direction de la science et de la recherche du ministère des Richesses naturelles et des 

Forêts de l’Ontario a compilé des mesures thermiques (e.g., maximum et minimum thermiques 

critiques, température préférentielle finale, température de frai optimale) pour de nombreuses 

espèces envahissantes actuelles et potentielles pouvant s’établir dans la région des Grands Lacs 

Laurentiens. L’objectif de ce rapport était d’appliquer une approche similaire afin d’explorer 

la probabilité d’établissement des poissons non indigènes présentant un risque pour la région 

des Prairies à l’aide de mesures thermiques. Après un examen des pages web des organismes 

provinciaux et d’États américains et des discussions avec des experts locaux, 68 espèces de 

poissons envahissantes ou potentiellement envahissantes pour la région des Prairies 

canadiennes ont été identifiées. On sait que trente (44%) des espèces identifiées hivernent déjà 

dans les Prairies. Par conséquent, les conditions hivernales typiques dans la région des Prairies 

ne constituent pas un obstacle à la propagation de ces espèces dans la région. D’après les 

mesures thermiques, neuf espèces supplémentaires auraient la possibilité de s’établir dans les 

Prairies en raison de leur capacité à hiverner dans la région. Aucune donnée de température n’a 

été trouvée pour dix espèces supplémentaires, bien que la majorité de ces espèces ne tolèrent 

probablement pas les conditions hivernales extrêmes de la région de Prairie. Cependant, il n’y 

avait pas suffisamment de données disponibles sur onze espèces pour évaluer leur potentiel de 

survie aux conditions hivernales typiques de la région des Prairies. Compte tenu de leur aire de 

répartition actuelle et de leur utilisation de l’habitat, il s’agit de combler le manque de 

connaissances pour éclairer les futures évaluations des risques. Par la suite, plusieurs 

possibilités de recherche ont été identifiées afin de réduire les lacunes dans les connaissances 

et d’éclairer les évaluations des risques sous les régimes climatiques actuels et en 

réchauffement afin de prédire la probabilité d’invasion et de survie des espèces dans la région 

des Prairies. 
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INTRODUCTION 

 

Fish are poikilothermic, meaning their internal body temperature reflects that of their 

surrounding environment. Temperature is considered the master abiotic factor, driving most life 

processes from growth, reproduction, fish movement and ultimately, the fitness and survival of a 

species via its temperature optima (Fry 1971; Beitinger et al. 2000). As a result, the distribution of 

most fishes is largely dictated by local temperature conditions (Beitinger and Magnuson 1975). As 

climate conditions continue to change, local temperature extremes may become more favourable or 

unfavourable for fishes and, thus, affect the likelihood that fish will thrive (i.e., grow, reproduce, 

and survive) in a particular environment (Lynch et al. 2016). Beyond considerations for native fish 

conservation, changing thermal conditions may potentially result in the successful establishment of 

non-native fishes as local environments warm to meet their specific thermal tolerances. Therefore, 

it is important to assess changing thermal conditions and the risk to native fish communities should 

new non-native fishes be introduced to local waterbodies. 

 

Non-native fishes refer to any species that is not indigenous to a given waterbody. It is 

common practice among scientists, resource managers, and policy writers to refer to non-native 

fishes that have negative effects on the native biota as invasive, although this is not necessarily true 

for all fishes deemed ‘invasive’ (Ricciardi and Cohen 2007). Whether a fish is considered invasive 

is not limited to the origin of the species. For example, Prussian Carp are native to Eurasia and have 

invaded waterbodies in southeastern Alberta (Docherty et al. 2017) while Smallmouth Bass 

Micropterus dolomieu, which are native to Canada, have been deemed invasive to Canadian ‘trout 

lakes’ (Sharma et al. 2009). The degree to which a non-native species is considered a risk to local 

biota is based on the species’ ability to thrive and its ability to withstand regional environmental 

conditions. Generalists are thought to be able to (1) thrive in a greater range of environmental/habitat 

conditions by growing faster, reproducing earlier, etc. than native species, or (2) may be better 

equipped to the new thermal regimes. In Canada, cold temperatures and hypoxia are common 

occurrences throughout the winter and can pose as barriers to the establishment of non-native fishes. 

However, some waterbodies are expected to experience shorter and warmer winters resulting from 

climate change, which should increase the likelihood that non-native fishes can establish in northern 

waterbodies (Rahel and Olden 2008). 

 

In 2018, the Science and Research Branch of the Ontario Ministry of Natural Resources and 

Forestry (OMNRF) compiled nine thermal metrics including critical thermal maximum and 

minimum, final temperature preferendum, optimal spawning temperature for 73 current and 

potential invasive species that could establish in the Laurentian Great Lakes region (Hatton et al. 

2018). The authors concluded that a complete set of thermal metrics was not available for all 

identified non-native fish of concern. This paucity of data highlights the need for further research to 

study thermal metrics and inform risk analysis for establishment of non-native species in Ontario 

and the Great Lakes region (Hatton 2018). 

 

The aim of the present report is to document thermal metrics for non-native species of 

concern in the Canadian Prairie region including Manitoba, Saskatechwan, and Alberta. The thermal 

metrics chosen for the analysis are based on Hasnain et al. (2013) who documented thermal metrics 

for indigenous freshwater fishes of Canada. The applied thermal metrics are important for biological 

processes related to survival, growth, and reproduction, which all affect population growth. A 

limiting factor for species on their northern range distribution is overwinter survival, consequently, 

thermal metrics defining lower temperature tolerance were also summarized. This dataset will be 
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informative for future risk assessments by providing a better knowledge of temperature ranges where 

non-native fishes may establish. 

 

The objectives of this report are to (1) summarise thermal metrics for non-native fishes that 

pose a risk of establishment in the Prairie region and to (2) highlight data and knowledge gaps to 

identify future research needs and to inform risk analysis of the likelihood of establishment based 

on thermal metrics for non-native fishes in the Prairie region. 

 

 
METHODOLOGY 

 

Data collection 

 

The Prairie region was defined as the inland waters of Manitoba, Saskatchewan, and Alberta. 

Consequently the search for potential non-native fish to the Prairie region was limited to non-native 

fishes in the adjacent provinces (British Columbia and Ontario) and states (Washington, Idaho, 

Montana, North Dakota, and Minnesota). Fishes found in each of the Prairie provinces that are 

known to ‘invade’ waterbodies that they are not commonly found in were included in this report. In 

brief, our list of potential invaders was derived from searching provincial and state agency webpages 

that discuss fishes of concern.  

 

In brief, the list of potential invaders was derived by searching relevant provincial and state 

agency webpages for non-native fish species that are of concern for the corresponding jurisdiction. 

Provincial and state aquatic invasive species (AIS) legislations for prohibited species lists were also 

consulted. In addition, local AIS fish experts (e.g., provincial and federal AIS biologists) were 

contacted to ensure that the list was comprehensive and applicable to the Prairie region. 

 

For each fish identified, species-specific data was obtained from Hatton et al. (2018), when 

there was overlap between species with the Great Lakes, or gathered from primary and secondary 

literature, technical reports. These were identified using online search tools (i.e., Google Scholar, 

Google Search Engine, and ISI Web of Science) using relevant species name (common and scientific 

names) and keywords associated with each of the thermal metrics (Table 1). Once data gaps in the 

thermal metrics were identified, a network of experts was contacted to inquire about data to fill the 

data gaps. Information provided by webpages that could not be verified was not included in the 

report. Given the overlap in species between the Great Lakes region and the Prairie region, much of 

the data was available from Hatton et al. (2018) and the references provided within the report. 

 

Metrics 

 

The nine thermal metrics used in this report are based on the work by Hasnain et al. (2013) 

and Hatton et al. (2018) (Table 1). These metrics are upper and lower incipient lethal temperature 

(UILT (Table A1) and LILT (Table A4), respectively), critical thermal maximum and minimum 

(CTmax (Table A1) and CTmin (Table A4), respectively), and lower thermal tolerance (LTT; Table 

A5) to determine survival, optimal growth temperature (OGT and final temperature preferendum 

(FTP) for growth (Table A2), optimal spawning (OS) and optimal egg development (OE) 

temperature for reproduction (Table A3). When evaluating the potential limits of survival, growth, 

and reproductive aspects of each species at least two metrics were used. 
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Assumptions that fish could survive winter were also made based on the definitions provided 

by Hatton et al. (2018). A fish species was assumed to ‘likely’ be able to overwinter in the Prairie 

region if it had either demonstrated the ability to overwinter based on laboratory survival at 

temperatures < 8 ºC , had been observed overwintering in a climate similar to the Prairie region or 

directly observed to overwinter in the Prairie region like for example Smallmouth Bass Micropterus 

dolomieu. A 8 ºC threshold was chosen because despite the fact that maximum water column 

temperature in the winter is expected to be 4 °C (Wetzel 1975), industrial or urban water outlets such 

as wastewater treatment facilities and urban runoff may produce elevated thermal refuges for 

overwintering fish. Consequently, to not be overly conservative on the estimation of the thermal 

limits, a lower threshold of 8 °C was used for the winter survival temperature threshold. 

 

 
 

Table 1. Definitions of the thermal metrics used to describe temperatures for fish survival, growth, 

and reproduction (adapted from Hatton et al. 2018). 

 

Biological category Thermal metric Description 

Survival 

UILT / LILT 

upper or lower incipient lethal temperature 

Temperature below (upper) / above (lower) 

which > 50% of fish will survive experimental 

conditions 

CTmax / CTmin 

critical thermal maximum or minimum 

Temperature above (maximum) or below 

(minimum) which fish loses its ability to 

maintain upright posture in the water column 

in experimental conditions 

Growth 

LTT 

lower temperature tolerance 

Lowest tolerated or observed temperature 

from field or laboratory studies 

OGT 

optimal temperature tolerance 

Temperature that supports the highest 

individual growth rate in the absence of 

confounding factors 

FTP 

final temperature preferendum 

Temperature selected by the species when 

exposed to a wide range of temperatures 

Reproduction 

OS 

optimal spawning temperature 

Temperature most frequently associated with 

spawning 

OE 

optimal egg development 

Temperature at which rate of egg development 

is optimised 

 

A fish species was assumed to ‘possibly’ be able to overwinter in the Prairie region if it had 

LILT, CTmin, or LTT < 8 ºC based on acute exposure studies rather than overwintering observations. 

A fish species was assumed to ‘unlikely’ have the ability to overwinter in the Prairie region if LILT, 

CTmin, or LTT > 8 ºC or if the known range was subtropical or tropical. Fish species that lacked 

laboratory or observational data were classified as ‘insufficient data’. 
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For the reproductive guild, species were grouped based on reproductive behaviour (adapted 

from Coker et al. 2001) and classified in six categories of spawning behaviour (Table A6): 

 

A1 = non-guarder, broadcast spawner 

A2 = non-guarder, brood hider 

B1 = guarder, substrate chooser 

B2 = guarder, nest spawner 

C1 = external bearer 

C2 = internal bearer 

 

Data management and statistical analysis 

 

All fish species were categorised by family, thermal and reproductive guilds, and the 

geographic origin (continent) based on information provided by FishBase (Froese and Pauley 

2018). Thermal guilds followed the classification by Coker et al. (2001), i.e., warm water fish = 

final temperature preferendum (FTP) >25 °C, cool water fish = FTP 19–25 °C, and cold water fish 

= FTP <19 °C. The maximum value for each thermal metric was used when multiple temperature 

values were identified from literature.  

 

The different thermal metrics are presented in box and whisker plots where the middle line 

presents the median, the box presents the upper quartile (25% of the data is greater than this 

value) amd lower (25% of the data is less than this values), and the whiskers present the 

maximum value and minimum values excluding any outliers, amd the dots an outliers that more 

or less than 1.5-times the interquartile range. All data and statistical analyses were conducted in R 

(R Core Development Team 2018) 

 

 

RESULTS 

 

Based on the review of provincial and state agency webpages and discussions with local 

experts, the following 68 species were of concern as potential invaders to the Prairie region, as 

they are known to certain areas in the Prairie region and/or have invasive tendencies where they 

have been introduced (Table 2). It was denoted which of the fish species were also reported as 

being of concern for the Great Lakes region by Hatton et al. (2018), which species are native to 

certain areas in the Prairie region (N) or have been introduced to at least one waterbody in the 

Prairie region (IP). 

 

For 34% of the fish species, seven to eight thermal metrics were available, 33% had either 

five to six metrics, and 18% had one to five metrics (Tables 2 and 3). However, no temperature 

data were found for the following ten species (15%): Alligator Gar, Black Piranha, Bullseye 

Snakehead, Giant Snakehead, Large-spot Catfish, Midas Chichlid, Ohrid Trout, Oscar, Red-

bellied Piranha, and Redtail Catfish. With the exceptions of Ohrid Trout (endemic to the Balkans) 

and Alligator Gar (found in the Upper Midwest USA) (S. David, Nicholls State University, pers. 

comm.), none of these ten species are likely to endure prolonged temperatures < 8 C due to their 

tropical and sub-tropical origin and consequently are unlikely to survive the harsh and long 

winter conditions in the Prairie region. 

 

Assumption of winter survival or identification of existing knowledge gaps could be 
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provided for all 68 fish species from the known distribution extent and/or thermal data (Table 

A5). Thirty (44%) of the identified species are known to overwinter in the Prairie region and, 

therefore, the winter conditions in the Prairie region seem to not hinder the spread of these species 

within the different areas of the Prairie region. Other environmental, biological, or physical 

factors should be reviewed for these species to predict their survival, growth, and reproduction in 

local inland waters.  
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Table 2. List of 68 fish species that are of concern for the Prarie region as potential invaders. 

Species and common name are provided and an indication if species have also been reported of 

concern for the Great Lakes (GLR) region by Hatton et al. (2018), if species are native to certain 

areas in the Prairie region (N) or have been introduced to at least one waterbody in the Prairie 

region (IP). 

 
Species name Common name Category 

Acipenser medirostris Green Sturgeon 

Alosa pseudoharengus Alewife GLR 

Amia calva Bowfin  
Ameiurus melas Black Bullhead N, IP 

Ameiursus natalis  Yellow Bullhead IP 

Ameiurus nebulosus Brown Bullhead IP 

Amphilophus citrinellus Midas Cichlid 

Astronotus ocellatus Oscar  
Atractosteus spatula Alligator Gar 

Carassius auratus Goldfish IP 

Carassius gibelio Prussian Carp GLR, IP 

Channa argus Northern Snakehead GLR 

Channa maculata Blotched Snakehead GLR 

Channa marulius Bullseye Snakehead 

Channa micropeltes Giant Snakehead 

Ctenopharyngodon idella Grass Carp GLR 

Cyprinella lutrensis Red Shiner GLR 

Cyprinus carpio Common Carp GLR, IP 

Esox lucius Northern Pike N, IP 

Esox masquinongy Muskellunge IP 

Gambusia affinis Western Mosquitofish GLR 

Gymnocephalus cernuus Eurasian Ruffe GLR 

Hemichromis letourneuxi African Jewelfish IP 

Hypophthalmichthys molitrix Silver Carp GLR 

Hypophthalmichthys nobilis Bighead Carp GLR 

Ictalurus punctatus Channel Catfish N, IP 

Ictiobus cyprinellus Bigmouth Buffalo N, IP 

Lepomis cyanellus Green Sunfish 

Lepomis gibbosus Pumpkinseed N 

Lepomis macrochirus Bluegill N, IP 

Leuciscus idus Orfe or Ide GLR 

Micropterus dolomieu Smallmouth Bass IP 

Micropterus salmoides Largemouth Bass IP 

Misgurnus anguillicaudatus Japanese Weatherfish GLR 

Morone americana White Perch GLR 

Morone chrysops White Bass IP 

Mylopharyngodon piceus Black Carp GLR 

Neogobius melanostomus Round Goby GLR 
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Species name Common name Category 

Notropis hudsonius Spottail Shiner N, IP 

Noturus gyrinus Tadpole Madtom N, IP 

Oncorhynchus aguabonita Golden Trout IP 

Oncorhyncus mykiss Rainbow Trout IP 

Oreochromis niloticus Nile Tilapia GLR 

Osmerus mordax Rainbow Smelt GLR, IP 

Perca flavescens Yellow Perch N, IP 

Percopsis omiscomaycus Trout Perch IP 

Petromyzon marinus Sea Lamprey GLR 

Phractocephalus hemiollopterus Redtail Catfish 

Pimephales promelas Fathead Minnow N 

Platygobio gracilis Flathead Chub N, IP 

Poecilia latipinna Sailfin Molly IP 

Pomoxis annularis White Crappie N, IP 

Pomoxis nigromaculatus Black Crappie IP 

Proterorhinus semilunaris Tubenose Goby GLR 

Pseudorasbora parva Stone Moroko GLR 

Pygocentrus nattereri Red-bellied Piranha 

Rhodeus amarus Amur Bitterling GLR 

Salmo letnica Ohrid Trout 

Salmo trutta Brown Trout IP 

Salvelinus fontinalis Brook Trout N, IP 

Sander lucioperca Zander GLR 

Sander vitreus Walleye N, IP 

Scardinius erythrophthalmus Rudd GLR 

Serrasalmus rhombeus Black Piranha or Redeye Piranha 

Silurus glanis Wels Catfish GLR 

Synodontis ocellifer Large-spot Catfish 

Tinca tinca Tench GLR 

Umbra limi Central Mudminnow N, IP 
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African Jewelfish, Blotched Snakehead, Green Sturgeon, and Wels Catfish were deemed 

unlikely to have overwintering ability based on thermal metrics. Nile Tilapia, Northern Snakehead, 

and Sailfin Molly may have the ability to overwinter in the Prairie region based on CTmin and LILT 

values < 8 C. However, species- specific responses to chronic exposure to cold conditions are not 

currently known. Based on the thermal criteria for overwintering and known species distributions,  
 Alewife  
 Grass Carp 

 Orfe (or Ide) 

 Round Goby 

 Rudd 

 Stone Moroko 

 Tench 

 Tubernose Goby 

 Zander 

will likely survive winter conditions in the Prairie region (see Table 3 for details). 

 

Insufficient data was available to assess the likelihood that the following fish could 

survive winter conditions typical of the Prairie region (Table 3), and given their current 

distributions and habitat needs, should be considered as significant knowledge gaps: 

 Amur Bitterling 

 Alligator Gar 

 Bighead Carp 

 Black Carp 

 Eurasian Ruffe 

 Golden Trout 

 Green Sunfish 

 Ohrid Trout 

 Red Shiner 

 Silver Carp 

 White Perch. 
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Table 2. Six thermal metrics (upper incipient lethal temperature [UILT], critical thermal maximum [CTmax], optimal growth temperature 

[OGT], final temperature preferendum [FTP], optimal spawning temperature [OS], and optimal temperature for egg development [OE]) for 

identified species (see Appendix for references). Ranges reported in the literature. 

Family Scientific name Common name  Temperature (ºC)   

  UILT CTmax OGT FTP OS OE 

Acipenseridae Acipenser medirostris Green Sturgeon 17 34 11–20.8 15–16 8–14 15 

Ammidae Amia calva Bowfin - 37 - 30.3–30.5 16–19 - 

Catostomidae Ictiobus cyprinellus Bigmouth Buffalo - - - 6–26 15.5–18.3 20.5 

Centrarchidae Lepomis cyanellus Green Sunfish 40 34.2–37.9 28 15.9–30.6 16.7–21.9 29.1 

 Lepomis gibbosus Pumpkinseed 24.5–37 30.1–37.5 25 22.9–31.7 24–30 28 

 Lepomis macrochirus Bluegill 31–34 38.3–41.5 24–31 27.4–32 25 22–24 

 Micropterus dolomieu Smallmouth Bass 35–37 36.3 25–27 12–31.3 18 21 

 Micropterus salmoides Largemouth Bass 28.9–36.4 33.6–41.8 18–25 27–32 15.6–21 20 

 Pomoxis annularis White Crappie 33 32.8 25–28.5 10.4–24 14–20 - 

 Pomoxis nigromaculatus Black Crappie 32.5–34 34.9 22–25 20–24.6 17.8–20 16–20 

Channidae Channa argus Northern Snakehead 35 38 23–30.3 14–33 18–29 25–31 

 Channa maculata Blotched Snakehead 38 41 27 20–35 25–28 - 

 Channa marulius Bullseye Snakehead - - - - - - 

 Channa micropeltes Giant Snakehead - - - - - - 

Cichlidae Amphilophus citrinellus Midas Cichlid - - - - - - 

 Astronotus ocellatus Oscar - - - - - - 

 Hemichromis letourneuxi African Jewelfish - - - - - - 

 Oreochromis niloticus Nile Tilapia 37–42 40–42 20–30 13.5–36 21–28 27 

Clupeidae Alosa pseudoharengus Alewife 23–34 30.2–34 20.1 11–28.3 12.9–27.7 17.7–20.8 
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Family Scientific name Common name   Temperature ( C)   

   UILT CTmax OGT FTP OS OE 
Cobitidae Misgurnus anguillicaudatus Japanese Weatherfish 30 38 20–30 5–25 20 23–30 

Cyprinidae Carassius auratus Goldfish 29–41 34.5–39.6 25–28.1 25.4–29 17–24 18.5–29.5 

 Carassius gibelio Prussian Carp - - - 0.5–41 13.5–29.4 20.5 

 Ctenopharyngodon idella Grass Carp 34–39 39.3 18.3–30 25.3–29 22–30 22–32 

 Cyprinella lutrensis Red Shiner 34–39 35.9–39.7 - 30 30–34 24.5 

 Cyprinus carpio Common Carp 31–41.9 38–41 20–32 29–32 15–23 16–23 

 Hypophthalmichthys molitrix Silver Carp 43–46.3 - 24–34 27.1–29 14–28 22.3–26 

 Hypophthalmichthys nobilis Bighead Carp 38 38.8 25–30 25.4–27 18–30 22–30 

 Leuciscus idus Orfe or Ide 24–37.9 - - 4–35 4–15 9.5–23 

 Mylopharyngodon piceus Black Carp 40 - 24–32 - 18–36 21–28 

 Notropis hudsonius Spottail Shiner 30.6–31.1 32.8 27.3 14–20 18–20 20 

 Pimephales promelas Fathead Minnow 28.2–33.2 28.6–40.4 25.5–26 28.5–29 23.5 25 

 Platygobio gracilis Flathead Chub - - - - - - 

 Pseudorasbora parva Stone Moroko - - - 5–22 15–19 20 

 Rhodeus sericeus Amur Bitterling 35.7–36.5 - 12–29.9 14–25 12–24 - 

 Scardinius erythrophthalmus Rudd 35–36.5 29–38 14–28 2–35 14–20 17.5–24 

 Tinca tinca Tench 32.3–39.3 37 12–30 4–38 18–26 19–25.5 

Esocidae Umbra limi Central Mudminnow 33.5–38 - - - 12.8–13 - 

 Esox lucius Northern Pike 29.4–33 33.3 19–26 19–20 10 6.4–20.8 

 Esox masquinongy Muskellunge 29–34 32 24–26.6 14–27.3 12.8–18 13.5 

Gobiidae Neogobius melanostomus Round Goby 25.7–33.4 31.5–33.4 - 24.6 9–26 19–21 

 Proterorhinus semilunaris Tubernose Goby 31.9 - - 11–23 - - 

Ictaluridae Ameiurus melas Black Bullhead 35 37.5–38.1 - - 21 - 

 Ameiurus natalis Yellow Bullhead - 36.4–37.9 - 27.6–28.8 - - 

 Ameiurus nebulosus  

Ictalurus punctatus 

Noturus gyrinus 

Brown Bullhead 

Channel Catfish 

Tadpole Madtom 

28.6–37.5 

28.6–37.5 

- 

38 

34.5–42.1 

38 

28.2–32 

28–30 

- 

11.9–31 

23–32.5 

- 

21.1 

23.9–26.7 

- 

-  

22 

- 

Lepisosteidae Atractosteus spatula Alligator Gar - - - - - - 

Mochokidae Synodontis ocellifer Large Spot Catfish - - - - - - 

Moronidae Morone americana White Perch 33–36 34–35.5 24–28.5 26–32.5 10–20 15–20.9 

 Morone chrysops White Bass 30–36.1 35.3 16–24 12–34 14.7–16.3 16–23.9 

Osmeridae Osmerus mordax Rainbow Smelt 18–21 18–28.5 - 6–16 4.5–18.3 11–22.5 

Percidae Gymnocephalus cernuus Eurasian Ruffe 28–35 30–34.5 18–30 19 6–20.2 9–21 

 Perca flavescens Yellow Perch 21–31.3 35 22.5–30 7–27 5–12 10–20 

 Sander lucioperca Zander 30–36 33–35.3 10–30 6–29 8–22 12–23 

 Sander vitreus Walleye 31–33 23.4 19–26 20–23.2 3.4–10 6–19.4 
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Family Scientific name Common name   Temperature ( C)   

   UILT CTmax OGT FTP OS OE 
Percopsidae Percopsis omiscomaycus Trout Perch - 22.9 - 7–18 15–20 - 

Petromyzontidae Petromyzon marinus Sea Lamprey 24–31 - 15–21 5–22 14–26.1 11–23 

Pimelodidae Phractocephalus hemioliopterus Redtail Catfish - - - - - - 

Poeciliidae Gambusia affinis Western Mosquitofish 36–40 36–43 28.6– 28–35.1 5–23 19–20 

 Poecilia latipinna Sailfin Molly - 38.7–41.8 - - - - 

Salmonidae Oncorhynchus aguabonita Golden Trout - 27.7–30.3 - - - - 

 Oncorhynchus mykiss Rainbow Trout 22.6–27 28.2–29.9 12–17 11.3–22 6–8 7–10 

 Salmo letnica Ohrid Trout - 29–29.9 - - - - 

 Salmo trutta Brown Trout 23–26.4 25–26 10–15.5 13.8–23.9 6.7–8.9 7.5 

 Salvelinus fontinalis Brook Trout 24–25.8 28.7–29.9 13–16.1 14.8–20.3 10.7 6 

Serrasalmidae Pygocentrus nattereri Red-bellied Piranha - - - - - - 

 Serrasalmus rhombeus Black/Redeye Piranha - - - - - - 

Siluridae Siluris glanis Wels Catfish 33 - 12–28 4–31 18–25 20–28 
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Table 3. Thermal metrics, i.e., lower incipient lethal temperature (LILT), critical thermal minimum (CTmin), and lower lethal temperature 

(LLT) for 68 identified species of concern as potential invaders to the Prairie region. Winter survival assumption was determined based on 

known distribution of the species and available thermal metrics. Ranges reported in the literature. 

Family Scientific name Common name   Temperature (°C)   Winter survival 
      LILT CTmin LLT assumption 

Acipenseridae Acipenser medirostris Green Sturgeon - - - unlikely 

Ammidae Amia calva Bowfin - - - insufficient data 

Catostomidae Ictiobus cyprinellus Bigmouth Buffalo - - - known overwinter in region 

Centrarchidae Lepomis cyanellus Green Sunfish - - - insufficient data 

 Lepomis gibbosus Pumpkinseed 1.1–8.5 1.7–12.1 - known overwinter in region 

  Lepomis macrochirus  Bluegill 3–11 - - known overwinter in region   
 Micropterus dolomieu Smallmouth Bass 2–10 - - known overwinter in region 
 Micropterus salmoides  Largemouth Bass 5.2–11.8 3.2 - known overwinter in region 
 Pomoxis annularis White Crappie - - - known overwinter in region 
 Pomoxis nigromaculatus Black Crappie - - - known overwinter in region 

Channidae Channa argus Northern Snakehead - 0 5 possibly 
 Channa maculata Blotched Snakehead - - - unlikely 
 Channa marulius Bullseye Snakehead - - - unlikely (range) 
 Channa micropeltes Giant Snakehead - - - unlikely (range) 

Cichlidae Amphilophus citrinellus Midas Cichlid - - - unlikely (range) 

 Astronotus ocellatus Oscar - - - unlikely (range) 

 Hemichromis letourneuxi African Jewelfish 9.1–13.3 10.8–12.5 - unlikely 

 Oreochromis niloticus Nile Tilapia 5–13.3 - - possibly 

Clupeidae Alosa pseudoharengus Alewife 0 - - likely 

Cobitidae Misgurnus anguillicaudatus Japanese Weatherfish - - 1.8 - possibly 

Cyprinidae Carassius auratus Goldfish - 0.3–1.3 - known overwinter in region 

 Carassius gibelio Prussian Carp - 0.5 - known overwinter in region 

 Ctenopharyngodon idella Grass Carp - 0.5 - likely 

 Cyprinella lutrensis Red Shiner - - - insufficient data 

 Cyprinus carpio Common Carp - 3 - known overwinter in region 
 Hypophthalmichthys molitrix Silver Carp - - - insufficient data 
 Hypophthalmichthys nobilis Bighead Carp - - 2 insufficient data 
 Leuciscus idus Orfe or Ide - 4 - likely 
 Mylopharyngodon piceus Black Carp - - 0.5 insufficient data 
 Notropis hudsonius Spottail Shiner - - - known overwinter in region 
 Pimephales promelas Fathead Minnow - 5.9 - known overwinter in region 
 Platygobio gracilis Flathead Chub - - - known overwinter in region 
 Pseudorasbora parva Stone Moroko - 5 2 likely 

 Scardinius erythrophthalmus Rudd - 2 - likely 
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Family Scientific name Common name   Temperature (°C)   Winter survival 
      LILT CTmin LLT assumption 
 Tinca tinca Tench - 4 - likely 

Esocidae Umbra limi Central Mudminnow - - - known overwinter in region 
 Esox lucius Northern Pike 0.1 - - known overwinter in region 
 Esox masquinongy Muskellunge - - - known overwinter in region 

Gobiidae 
Neogobius melanostomus Round Goby -1 4 - likely 

Proterorhinus semilunaris Tubernose Goby - 4 - likely 

Ictaluridae Ameiurus melas Black Bullhead - - - known overwinter in region 
 Ameiurus natalis Yellow Bullhead - - - known overwinter in region 
 Ameiurus nebulosus Brown Bullhead - - - known overwinter in region 
 Ictalurus punctatus Channel Catfish 0–6 2.7–9.8 - known overwinter in region 
 Noturus gyrinus Tadpole Madtom - - - known overwinter in region 

Lepisosteidae Atractosteus spatula Alligator Gar - - - insufficient data 

Mochokidae Synodontis ocellifer Large-spot Catfish - - - unlikely (range) 

Moronidae Morone americana White Perch - - - insufficient data 
 Morone chrysops White Bass - - - known overwinter in region 

Osmeridae Osmerus mordax Rainbow Smelt - - - known overwinter in region 

Percidae Gymnocephalus cernuus Eurasian Ruffe - - - insufficient data 
 Perca flavescens Yellow Perch 1.1–3.7 - - known overwinter in region 
 Sander lucioperca Zander -0.6 - - likely 
 Sander vitreus Walleye 2–7 - - known overwinter in region 

Percopsidae Percopsis omiscomaycus Trout Perch - - - known overwinter in region 

Petromyzontidae Petromyzon marinus Sea Lamprey - - 0 likely 

Pimelodidae 
Phractocephalus 

hemioliopterus 
Redtail Catfish - - - unlikely (range) 

Poeciliidae Gambusia affinis Western Mosquitofish 2.7–3 3 - known overwinter in region 
 Poecilia latipinna Sailfin Molly - 2.1–8.6 - possibly 

Salmonidae 
Oncorhynchus aguabonita Golden Trout - - - insufficient data 

Oncorhynchus mykiss Rainbow Trout 0.5–3.3 0–2.1 - known overwinter in region 
 Salmo letnica Ohrid Trout - - - insufficient data 
 Salmo trutta Brown Trout - - - known overwinter in region 
 Salvelinus fontinalis Brook Trout - - - known overwinter in region 

Serrasalmidae Pygocentrus nattereri Red-bellied Piranha - - - unlikely (range) 
 Serrasalmus rhombeus Black/Redeye Piranha - - - unlikely (range) 

Siluridae Siluris glanis Wels Catfish 13–14 - - unlikely 
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Cyprinids had the highest and widest distribution of upper temperature metrics including 

UILT, OGT, FTP, and OS (Figure 1). Cyprinids are distributed throughout temperate regions and, 

therefore, are frequently exposed to warm and cool water conditions. In contrast, salmonids had the 

lowest and narrowest upper temperature metrics, in many cases over 10 C below other families 

(Figure 1). Salmonid species are typically considered to be cool- and cold-tolerant fish species. 

Relatively, few data points were available to analyse taxonomic trends in lower temperature metrics, 

though cyprinids and percids were found to have lower temperatures than centrarchids (Figure 2) 

due to cyprinids’ distribution in more northern climates than centrarchids, which are primarily 

warm-water species. 

 

Fish of North American origin had a wider range of upper temperature metrics while Asian 

and African species had narrower ranges and higher values for all upper thermal metrics in 

comparison to Eurasian and North American fish species (Figure 3). These trends are explained by 

the taxonomic families that have evolved in these regions as several tropical fishes were considered 

to originate from Africa and Asia and these species are unlikely to be found in the other regions. 

Relatively few data points were available for assessing the influence of origin on lower thermal 

metrics. However, fish from North America have LILT and CTmin values ranging between 0 and 12 

°C (Figure 4). LILT < 0 °C relates to species occurring in brackish water. 

 

Temperature guilds followed expectations with upper temperature metrics increasing as 

guilds became more warm-water tolerant, i.e., cold and cool guilds had lower upper temperature 

metrics in comparison to species from warm and warm/cool temperature guilds (Figure 5). 

Interestingly, species classified as cool/cold had the lowest median values with respect to UILT, 

OGT, FTP, OS, and OE, likely reflecting the many salmonid species found in the cool/cold 

temperature guild. Again, relatively few data points were available for assessing the influence of 

temperature guilds on lower thermal metrics. However, it was clear that species from lower water 

temperature guilds tended to have a wide distribution of lower limits with some even reaching 0 C 

(Figure 6). 
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Figure 1. Distribution of six thermal metrics for species identified as potentially invasive to the 

Prairie region grouped by family. (A) upper incipient lethal temperature (UILT), (B) critical 

thermal maximum (CTmax), (C) optimal growth temperature (OGT), (D) final temperature 

preferendum (FTP), (E) optimal spawning temperature (OS), and (F) optimal egg development 

temperature (OE). 
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Figure 2. Distribution of thermal metrics describing the low temperature limits for identified species that are potentially invasive to the 

Prairie region grouped by family. (A) lower incipient lethal temperature (LILT), (B) critical thermal minimum (CTmin), and (C) lower 

lethal temperature (LLT). 
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Figure 3. Distribution of thermal metrics describing the upper temperature limits and optimal 

temperatures for identified species of being currently or potentially invasive to the Prairie region 

grouped by origin. Note, species native to both eastern Europe and western Asia (i.e., west of the 

Ural mountains) were classified as originating in Eurasia. (A) upper incipient lethal temperature 

(UILT), (B) critical thermal maximum (CTmax), (C) optimal growth temperature (OGT), (D) final 

temperature preferendum (FTP), (E) optimal spawning temperature (OS), and (F) optimal egg 

development temperature (OE). 
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Figure 4. Distribution of thermal metrics describing the lower temperature limits for identified species of being currently or potentially 

invasive to the Prairie region grouped by geographic origin. (A) lower incipient lethal temperature (LILT), (B) critical thermal minimum 

(CTmin), and (C) lower lethal temperature (LLT). Thermal limit below 0 ºC relates to species occuring in brackish water. 
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Figure 5. Distribution of thermal metrics describing the upper temperature limit for identified 

species potentially invasive to the Prairie region grouped by temperature guild. (A) upper incipient 

lethal temperature (UILT), (B) critical thermal maximum (CTmax), (C) optimal growth temperature 

(OGT), final temperature preferendum (FTP), (E) optimal spawning temperature (OS), and (F) 

optimal egg development temperature (OE). 
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Figure 6 Distribution of the lower thermal metrics for identified species potentially invasive to the Prairie region grouped by 

temperature guild. (A) lower incipient lethal temperature (LILT), (B) critical thermal minimum (CTmin), and (C) lower lethal temperature 

(LLT). Thermal limit below 0 ºC relates to species occurring in brackish water. 



 

21  

 

RESEARCH OPPORTUNITIES AND KNOWLEDGE GAPS 

 
1) Several potentially invasive species are likely to have the ability to overwinter in the 

Prairie region (e.g., Alewife, Grass Carp, Orfe, Round Goby, Rudd, Stone Moroko, 

Tench, Tubernose Goby, Zander). Further data, specifically related to their tolerance for 

lower temperatures, should be collected. 

 

2) There were many data gaps for native fishes (see Table 2 and 3; e.g., Central Mudminnow, 

Bigmouth Buffalo, Flathead Chub, Tadpole Madtom). With growing concern related to 

climate change and the warming of local inland waters, thermal metric data should be 

collected for native fishes to quantify how fish communities may shift. Data that were 

particularly lacking were optimal growth and reproduction metrics as well as lower 

temperature metrics (CTmin, LILT, LTT). 
 

3) Clear data gaps were identified for eleven fish species including fish with invasive 

tendencies in nearby regions (e.g., Bighead Carp, Silver Carp, Black Carp) and fish with 

invasive tendencies nearer to their geographic origin but not yet found in North America 

(e.g., Amur Bitterling, Eurasian Ruffe). Thermal metric data should be collected for Amur 

Bitterling, Alligator Gar, Bighead Carp, Black Carp, Eurasian Ruffe, Golden Trout, 

Green Sunfish, Ohrid Trout, Red Shiner, Silver Carp, and White Perch to fill the current 

data gaps. 

 
4) The general lack of data made comparisons between taxonomic families, evolutionary 

origin, and temperature guilds difficult. But understanding of these relationships may not 

be necessary to predict the likelihood of species-specific invasion because wide variation 

in some groups were noted. It would be infomative, once more lower and upper thermal 

metrics are collected, to repeat this analyses to determine if valid conclusions can be 

reached. 

 

5) Finally, a risk assessment for the Prairie region that includes an analysis of potential 

vectors and suitable waterbodies for the identified species would be useful for potential 

mitigation and prevention of the establishment of non-native species. 

 

 

 

CONCLUSIONS 

 

Based on the review of provincial and state agency webpages and discussions with local 

experts, 68 species were deemed to be of interest as potential invaders to the Prairie region or are 

known to the Prairie region and have invasive tendencies where they have been introduced. Thirty 

(44 %) of the identified species are known to overwinter in the Prairie region, and therefore, typical 

winter conditions in the Prairie region are not a hindrance to the spread of these species. Nine 

species thought to have the opportunity to invade the Prairie region had lower temperature metrics 

indicative of them having the ability to overwinter in the region. Insufficient data was available to 

assess the likelihood eleven species could survive winter conditions typical of the Prairie region, 

and given their current distributions and habitat needs, should be considered as significant 

knowledge gaps. No temperature data were found for ten species but the majority of these species 
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are unlikely to tolerate typical Prairie winter temperatures. Several research opportunities have 

been identified to reduce knowledge gaps and should be considered so that future risk assessments 

can adequately determine the likelihood of species invasion. 
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Table A1. Upper incipient lethal temperature (UILT) and critical thermal maxium (CTmax) for the identified species. Species are 

only included if data were verifiable and temperatures are reported in degrees Celsius (C). Data is included as reported in the 
cited reference. A dash (-) indicates information not available. 

 

Species UILT UILT Reference CTmax CTmax Reference 

Acipenser medirostris 17 Hasnain 2012 34.2 Sardella 2008 

(Green Sturgeon)   33.7 Sardella 2008 

   34 Hasnain 2012 

Alosa pseudoharengus 23.5 Spotila et al. 1979 30.2 Wismer and Christie 1987 

(Alewife) 24.5 Spotila et al. 1979 30.6 Wismer and Christie 1987 
 22.8 Wismer and Christie 1987 32.6 Wismer and Christie 1987 
 23.2 Wismer and Christie 1987 31–34 Wismer and Christie 1987 
 28.2 Wismer and Christie 1987 32 Hasnain et al. 2010 
 31.4 Wismer and Christie 1987   
 33.3 Wismer and Christie 1987   
 31–34 Wismer and Christie 1987   
 23 Hasnain et al. 2010   

 33.3 Hasnain et al. 2010   

Ameiurus melas  35 Carlander 1969 38.1 Smale and Rabeni 1995 

(Black Bullhead)   37.5 Talmage and Coutant 1978 

Ameiurus natalis - - 37.9 Smale and Rabeni 1995 

(Yellow Bullhead)   36.4 Spotila et al. 1979 

Ameiurus nebulosus 36 Scott and Crossman 1973 37.8 Spotila et al. 1979 

(Brown bullhead) 28.6–37.5 
29–41 

Carlander 1969  
Spotila et al. 1979 

38 Brown 1974 

Amia calva  
(Bowfin) 

- - 37 Reutter and Herdendorf 1976 

Carassius auratus 41 Fry and Hart 1948 36 Weatherley 1970 

(Goldfish) 38.6 Jobling 1981 39 Weatherley 1970 
 29–38.6 Wismer and Christie 1987 35 Wismer and Christie 1987 
 29.9–41 Wismer and Christie 1987 36.6 Wismer and Christie 1987 
 41 Ford and Beitinger 2005 34.5 Ford and Beitinger 2005 
   39.6 Ford and Beitinger 2005 

Channa argus 

(Northern Snakehead) 

35 Qin et al.1997 38 Qin et al. 1997 

Channa maculata 38 Kunci 2017 41 Kunci 2017 

(Blotched Snakehead)     

Ctenopharyngodon idella 34–39 Lehtonen 1996 39.3 Bettoli et al. 1985 

(Grass Carp)   39.3 Chilton and Muoneke 1992 

Cyprinella lutrensis 39 Matthews and Hill 1777 39.5 Brues 1928 

(Red Shiner) 39 Matthews and Maness 1979 35.9–36.3 Matthews 1986 
   39.7 Rutledge and Beitinger 1989 
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Cyprinus carpio 34.5 Edwards and Twomey 1982 39 Reutter and Herdendorf 1976 

(Common Carp) 36.7 Lechleitner 1992 39.7 Chatterjee et al. 2004 
 40.6 Lechleitner 1992 40.6 Chatterjee et al. 2004 
 39.8 Chatterjee et al. 2004 38–41 Golovanov 2013 
 40.9 Chatterjee et al. 2004   
 35.7 NDEP 2016   
 31–34 NDEP 2016   
 35.5–37 NDEP 2016   
 38–39 NDEP 2016   

Esox lucius 29.4 Casselman 1978 33.25 Brown 1974 

(Northern Pike) 30 Casselman 1978   

 33 Spotila et al. 1979   

 29 Casselman 1978   

Esox masquinongy 29 Jobling 1981 32 Hasnain 2012 

(Muskellunge) 34 Jobling 1981   

Gambusia affinis 39 Hagen 1964 37.4 Otto 1973 

(Western Mosquitofish) 36 Otto 1973 38.8 Otto 1973 
 38 Otto 1973 39.5 Otto 1973 
 38 Cherry et al. 1976 41.4 Otto 1973 
 37.3 Jobling 1981 42.3 Otto 1973 
 35–40 Chipps and Wahl 2004 36 Beitinger et al. 2000 
   38 Beitinger et al. 2000 
   41 Beitinger et al. 2000 
   43 Chipps and Wahl 2004 

Gymnocephalus cernuus 30.4 Hokanson 1977 34.5 Hokanson 1977 

(Ruffe) 28–35 Lehtonen 1996 30 Tarvainen et al. 2008 
 20–28 Tarvainen et al. 2008   
 28.1 Souchon and Tissot 2012   

Hypophthalmichthys molitrix 43 Cooke and Hill 2010 - - 

(Silver Carp) 43.5–46.5 Schofield and Huge 2011   

Hypophthalmichthys nobilis 38 Cooke and Hill 2010 38.8 Bettoli et al. 1985 
(Bighead Carp)     

Ictalurus punctatus 30.3 Hart 1952 40.3 Currie et al. 1998 

(Channel Catfish) 32.8 Hart 1952 34.5–41 Cheetham et al. 1976 
 33.5 Hart 1952 38–42.1 Bennett et al. 1998 
 32.7 Hart 1952   
 36.6 Allen and Strawn 1967   
 37.3 Allen and Strawn 1967   
 37.8 Allen and Strawn 1967   

Lepomis cyanellus 40 Hasnain 2012 35.8 Carrier and Beitinger 1988b 

(Green Sunfish)   35.9 Smale and Rabeni 1995 
   37.9 Lutterschmidt and Hutchison 1997 
   34.2 Lutterschmidt and Hutchison 1997 
   36 Hasnain 2012 
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Lepomis gibbosus 34.5 Carlander 1977 30.1 Becker and Genoway 1979 

(Pumpkinseed) 24.5 Leidy and Jenkins 1977 35.1 Reutter and Herdendorf 1976 
 36.6 Jobling 1981 37.5 Reutter and Herdendorf 1976 
 34.8 Jobling 1981   
 27.7–37 Evans 1977   

Lepomis macrochirus 31 EPA 1974 38.3 Reutter and Herdendorf 1976 

(Bluegill) 32 EPA 1974 41.5 Reutter and Herdendorf 1976 
 34 EPA 1974   

Leuciscus idus 37.9 Horoszewicz 1973 - - 

(Ide/Orfe) 24–27 Lehtonen 1996   
 24–29 Schofield et al. 2005   

Micropterus dolomieu 37 Ellis 1984 36.3 Reutter and 

(Smallmouth Bass) 35 Wrenn 1980  Herdendorf 1976 

Micropterus salmoides 32.5 Hart 1952 38.5 Currie et al.1998 

(Largemouth Bass) 34.5 Hart 1952 36.7–40.1 Smith and Scott 1975 
 36.4 Hart 1952 33.6–41.8 Fields et al. 1987 
 31.8 Hart 1952   
 32.7 Hart 1952   
 33.7 Hart 1952   
 28.9 Hart 1952   
 35.6 Black 1953   

Misgurnus anguillicaudatus 30 Strecker et al. 2011 38 Urquhart 2013 

(Japanese Weatherfish)     

Morone Americana 33 Stanley and Danie 1983 34 Stanley and Danie 1983 

(White Perch) 36 Hasnain et al. 2010 35.5 Stanley and Danie 1983 

Morone chrysops 
(White Bass) 

30–32 
36.1 

Ellis 1984 

Talmage and Coutant 1978 

35.3 
 

Reutter and Herdendorf 1976 

Mylopharyngodon piceus 40 NACA 1989 - - 

(Black Carp)     

Neogobius melanostomus 25.7 Lee and Johnson 2005 31.5 Cross and Rawding 2009 

(Round Goby) 33.4 Xin 2016 33.4 Cross and Rawding 2009 

Notropis hudsonius 30.6 Brown 1974 32.8 Reutter and 

(Spottail Shiner) 31.1 Brown 1974 - Herdendorf 1979 

Noturus gyrinus 

(Tadpole Madtom) 

- - 38 Beltz et al. 1974 

Oncorhynchus aquabonita - - 27.7 Myrick and Cech 1999 

(Golden Trout)   28.3 Myrick and Cech 1999 

   29.6 Myrick and Cech 1999 
   30.3 Myrick and Cech 1999 

Oncorhynchus mykiss 24 Black 1953 29.8 Currie et al. 1998 

(Rainbow trout) 26.5 Alabaster and Welcomme 
1962 

28.2–29.5 Lee and Rinne 1980 

 27 Craigie 1963 28.8–30.0 Strange et al. 1993 
 24.3 Alabaster 1964   
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 25.9 Alabaster 1964   
 25–26 Cherry et al. 1977   

 25.6 Hokansen et al. 1977   
 23.2–26.2 Kaya 1978   
 22.6–25.9 Threader and Houston 1983   

Oreochromis niloticus 37 Baras et al. 2001 40 Azaza et al. 2008 

(Nile tilapia) 38.5–39 Baras et al. 2001 42 Froese and Pauly 2017c 
 42 FAO 2008   

Osmerus mordax 18 Lantry and 28.5 Wismer and Christie 1987 

(Rainbow smelt) 21 Steward 1993 19–28.5 Wismer and Christie 1987 
  Lawson et al. 2015 18 Lawson et al. 2015 

Perca flavescens 21 EPA 1974 35 Reutter and 

(Yellow Perch) 25 EPA 1974  Herdendorf 1976 
 28 EPA 1974   

 32.3 EPA 1974   

Percopsis omiscomaycus - - 22.9 Reutter and Herdendorf 1976 

(Troutperch)     

Petromyzon marinus 25 Kitchell and Breck 1980 - - 
(Sea Lamprey) 31 Jobling 1981   

 

Pimephales promelas 28.2 Brown 1974 32.4 Spieler et al. 1977 

(Fathead Minnow) 31.7 Brown 1974 34 Spieler et al.1997 
 33.2 Brown 1974 33.2 Maness and Hutchinson 1980 
   35.1 Watenpaugh and Beitinger 1985 
   34.8 Carrier and Beitinger 1988a 
   34.9 Carrier and Beitinger 1988a 
   33.1 Carrier and Beitinger 1988a 
   36.9 Castelberry and Cech 1992 
   36.2 Pyron and Beitinger 1993 
   36.7 Pyron and Beitinger 1993 
   28.6 Pyron and Beitinger 1993 
   30.7 Pyron and Beitinger 
   36.4 Heath et al. 1994 
   40.4 Richards and Beitinger 1995 

Poecilia latipinna - - 38.7 Yanar et al. 2019 

(Sailfin Molly)   40.2 Yanar et al. 2019 
   41.8 Yanar et al. 2019 

Pomoxis annularis < 33 EPA 1974 32.8 Reutter and Herdendorf 1976 

(White Crappie)     

Pomoxis nigromaculatus 34 Carlander 1977 34.9 Reutter and Herdendorf 1976 

(Black Crappie) 32.5 Leidy and Jenkins 1977   

Proterorhinus semilunaris 31.9 Xin 2016 - - 

(Freshwater Tubenose Goby)     

Rhodeus sericeus 35.7–36.5 Horoszewicz 1973 - - 
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(Amur Bitterling)     

Salmo letnica  - - 29 Lee and Rinne 1980 

(Ohrid Trout)   29.8 Elliot and Elliot 1995 
   29.9 Elliot and Elliot 1995 

Salmo trutta  23 Cherry et al. 1977 25 Spotila 1979 

(Brown Trout) 26.4 Jobing 1981 26 Spotila 1979 

Salvelinus fontinalis 24 Cherry et al. 1977 28.7 Lee and Rinne 1980 

(Brook Trout) 24.9 Brown 1974 29.8 Lee and Rinne 1980 
 25.8 Brown 1974 -  

Sander lucioperca 34.3 Horoszewicz 1973 33 Horoszewicz 1973 

(Zander) 35 Hokanson 1977 35 Keskinen et al. 2008 
 30–31 Keskinen et al. 2008 34.5–35.5 Golovanov 2013 
 36 Frisk et al. 2012   
 31–33 Smith and Koenst 1975   

Scardinius erythrophthalmus 35–36.5 Horoszewicz 1973 29–38 Lehtonen 1996 

(Rudd)     

Silurus glanis  33 Souchon and Tissot 2012 - - 

(Wels Catfish)     

Tinca tinca 37.8–39.3 Horoszewicz 1973 37 Cudmore and Mandrak 2011 
(Tench) 32.3 Schofield et al. 2005   

Umbra limi  38 Beltz et al. 1974 - - 

(Central Mudminnow) 33.5 Hasnain 2012   
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Table A2. Optimal growth temperature (OGT) and final temperature preferendum (FTP) for the identified species. Species are only 

included if data were verifiable and temperatures are reported in degrees Celsius (C). Data is included as reported in the cited reference. 

A dash (-) indicates information not available. 

 
Species OGT OGT Reference FTP FTP reference 

Acipenser medirostris 11–19 Mayfield and Cech 2004 15–16 Mayfield and Cech 2004 

(Green Sturgeon) 15 Cech et al. 2000   

 20.8 Hasnain 2012   

Alosa pseudoharengus 20.1 Hasnain et al. 2010 16 Spotila et al. 1979 

(Alewife)   19.6 Spotila et al. 1979 
   21.3 Spotila et al. 1979 
   26.5 Spotila et al. 1979 
   17.2 Wismer and Christie 1987 
   11–16 Wismer and Christie 1987 
   16–21 Wismer and Christie 1987 
   27.8–28.3 Wismer and Christie 1987 

Ameiurus natalis  - - 28.3 Coutant 1977 

(Yellow Bullhead)   28.8 Coutant 1977 
   27.6 Coutant 1977 
   28.2 Hasnain 2012 

Ameiurus nebulosus 32 Jobling 1981 11.9–31 Coutant 1977 

(Brown bullhead) 28.2–29.9 Richards and Ibara 1978   

Amia calva - - 30.5 Houston 1982 

(Bowfin)   30.3 Hasnain 2012 

Carassius auratus 25 Jobling 1981 28–29 Fry and Hart 1948 

(Goldfish) 28.1 Wismer and Christie 1987 25.3 Spotila et al.1979 
   27 Spotila et al.1979 
   28.1 Spotila et al.1979 
   28 Jobling 1981 

Carassius gibelio - - 5.2–27.1 Tarkan et al.2007 

(Prussian Carp)     

Channa argus  26.1 Liu et al. 1998 30 Qin et al. 1997 

(Northern Snakehead) 30.3 Liu et al. 1998 28.6 Liu et al. 1998 
 23–29 Kunci 2017 30 Lapointe et al. 2010 
 25–30 Liu et al. 2002 14–33 Kunci 2017 
   30 Courtenay and Williams 2004 

Channa maculata 27 Qin and Fast 1998 20–35 Qin and Fast 1998 

(Blotched Snakehead)     
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Ctenopharyngodon idella 20–30 Lehtonen 1996 25.3 Bettoli et al. 1985 

(Grass Carp) 18.3– Cudmore and Mandrak 2004 29 Díaz et al. 1998 
 29.4  25.8–30.2 Díaz et al. 1998 

Cyprinella lutrensis  - - 30 Calhoun et al. 1982 

(Red Shiner)     

Cyprinus carpio 20–28 Edwards and Twomey 1982 29.7 Reutter and Herdendorf 1976 

(Common Carp) 27.2 Lechleitner 1992 29 Jobling 1981 
 26–32 Golovanov 2013 32 Lechleitner 1992 
 27 NDEP 2016 31.5 Lechleitner 1992 
 30–32 Jobling 1981 29–31 Golovanov 2013 

Esox lucius  20.9 Casselman 1978 19–20 Casselman 1978 

(Northern Pike) 19–21 McCauley and Casselmen 1980   
 26 EPA 1974   

Esox masquinongy 24–26.6 Jobling 1981 > 25.5 Minor and Crossman 1979 

(Muskellunge)   14 Jobling 1981 
   21.9 Talmage and Coutant 1980 
   27.3 Talmage and Coutant 1980 
   25.6 Scott and Crossman 1973 

Gambusia affinis 28.6 Jobling 1981 34.7 Cherry et al. 1976 

(Western Mosquitofish) 30 Pyke 2005 35.1 Jobling 1981 
 30.9 Jobling 1981 31 Jobling 1981 
   28 Jobling 1981 
   31 Chipps and Wahl 2004 

Gymnocephalus cernuus 25–30 Hokanson 1977 19 Tarvainen et al. 2008 

(Ruffe) 18–22 Edsall et al. 1993   
 18 Hölker and Thiel 1998   

Hypophthalmichthys molitrix 33.5 Kolar et al. 2005 27.1 DeGrandchamp et al. 2008 

(Silver Carp) 24–31 Kolar et al. 2005 29 Cooke and Hill 2010 
 26–30 Kolar et al. 2005   
 30–34 Kolar et al. 2005   

Hypophthalmichthys nobilis 25-30 Chen et al. 2007 25.4 Bettoli et al. 1985 

(Bighead Carp)   27 DeGrandchamp et al. 2008 
   26 Cooke and Hill 2010 

Ictalurus punctatus 28–30 Jobling 1981 25.2 Spotila et al. 1979 

(Channel Catfish)   25.3 Spotila et al. 1979 

   30.5 
23–32.5 

Spotila et al. 1979 
Spotila et al. 1979 

   17–30 Spotila et al. 1979 

Ictiobus cyprinellus - - 6–24 Yoder and Gammon 1976 

(Bigmouth Buffalo)   18–26 Yoder and Gammon 1976 
   22–23 Yoder and Gammon 1976 
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Lepomis cyanellus 28 Carlander 1977 15.9 Carlander 1977 

(Green Sunfish)   22.7 Carlander 1977 
   30.6 Carlander 1977 
   26.8 Beltz et al.1974 

Lepomis gibbosus 25 Hasnain 2012 24.2 Coutant 1977a 

(Pumpkinseed)   27.7 Coutant 1977a 
   28.5 Talmage and Coutant 1979 

   31.7 
22.9–30.3 

Talmage and Coutant 1979 
Evans 1977 

Lepomis macrochirus 30–31 McCauley and Casselman 1980 31 Cravens 1982 

(Bluegill) 24–27 Brown 1974 27.4 Coutant 1977 
   32 Coutant 1977 

Leuciscus idus  - - 4–35 Leuven et al. 2011 

(Ide/Orfe)   4–20 CABI 2017a 

Micropterus dolomieu 25–27 McCauley and Casselmen 1980 12–31.3 Coutant 1977 

(Smallmouth Bass)   26.6 Cherry et al. 1977 

Micropterus salmoides 18–25 Niimi and Beamish 1974 27–32 Talmage and Coutant 1979 

(Largemouth Bass)     

Misgurnus anguillicaudatus 20–30 Nienhuis 2015 5–25 Strecker et al.2011 

(Japanese Weatherfish)     

Morone Americana 24 Scott and Crossman 1973 28.9–32.5 Hall Jr et al. 1978 

(White Perch) 28.5 Wismer and Christie 1987 32.5 Stanley and Danie 1983 
   29.8 Hasnain et al. 2010 
   26–30 Eakins 2017b 

Morone chrysops  23–24 EPA 1974 12–17 Coutant 1977 

(White Bass) 16 Brown 1974 28–30 Brown 1984 
   30–34 Brown 1984 

Mylopharyngodon piceus 25–32 NACA 1989 - - 

(Black Carp) 24–29 Li and Fang 1990   
Neogobius melanostomus - - 24.6 Lee and Johnson 2005 

(Round Goby)     

Notropis hudsonius 27.3 Kellogg and Gift 1983 14 Coutant 1977a 

(Spottail Shiner)   17–20 Crowder et al. 1981 

Oncorhynchus mykiss 16.5–17 Jobling 1981 11.3 Jobling 1981 

(Rainbow Trout) 12 Spotila et al. 1979 14 Jobling 1981 
   15.8 Jobling 1981 
   17.5 Spotila et al. 1979 
   22 Spotila et al. 1979 
   11.6 Spotila et al. 1979 

   12.6 Spotila et al. 1979 
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Oreochromis niloticus 21 El-Sayed et al.1996 13.5–33 Froese and Pauly 2017c 

(Nile Tilapia) 27 Likongwe et al. 1996 31–36 FAO 2008 
 30 Soderberg 2006   
 30 Azaza et al. 2008   
 22–30 Azaza et al. 2008   
 20 Nienhuis 2013   

Osmerus mordax - - 12.8 Ferguson 1958 

(Rainbow Smelt)   7.2 Scott and Crossman 1973 
   6.6–8.3 IAEA 1975 
   6–14 IAEA 1975 
   6–16 Wismer and Christie 1987 
   10 Lantry and Stewart 1993 
   9.5 Pientka and Parrish 2002 
   14.1 Pientka and Parrish 2002 

   14.9–15.4 
7–16 

Pientka and Parrish 2002 

Eakins 2017a 

Perca flavescens  22.5 McCauley and Casselman 1980 21 Coutant 1977 

(Yellow Perch) 23 Smagula and Adelman1982 7–12 Coutant 1977 
 26–30 Kitchell et al. 1977 13–16 Coutant 1977 

   27 
22–25 

Coutant 1977 
Coutant 1977 

Percopsis omiscomaycus - - 16–18 Brandt et al. 1980 

(Trout Perch)   15–16 Brandt et al. 1980 
   7–16 Crowder at al. 1981 
   13.4 Hasnain 2012 

Petromyzon marinus  15 Farmer et al. 1977 6–15 Farmer et al. 1977 

(Sea Lamprey) 21 Rodriguez-Muñoz et al. 2001 18 Kitchell and Breck 1980 
   13.6 Jobling 1981 
   5–22 Leuven et al. 2011 
   7.1 Froese and Pauly 2017d 

Pimephales promelas 26 Jobling 1981 28.5 Coutant 1977 

(Fathead Minnow) 25.5 Jobling 1981 29 Coutant 1977 

Pomoxis annularis 25 EPA 1974 19.8 Coutant 1977 

(White Crappie) 27–28.5 Yoder and Gammon 1976 18.3 Coutant 1977 
   10.4 Coutant 1977 
   19.4 Reutter and Herdendorf 1976 
   23–24 O’Brien et al. 1984 

Pomoxis nigromaculatus 22–25 Brown 1974 20.5–24 Coutant 1977 

(Black Crappie)   24.6 Reutter and Herdendorf 1976 

Proterorhinus semilunaris - - 22–23 Golovanov 2013 
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(Freshwater Tubenose Goby)   11–18.3 Froese and Pauly 2018 

Pseudorasbora parva - - 5–22 Kerr 2014a 

(Stone Moroko)     

Rhodeus sericeus  24.3 Jobling 1981 25 Coutant 1977 

(Amur Bitterling) 29.9 Jobling 1981 14–21 Leuven et al. 2011 
 12–24.3 Souchon and Tissot 2012   

Salma trutta  10 Jobling 1981 18–24 Scott and Crossman 1973 

(Brown Trout) 15.5 McCauley and Casselmen 1980 13.8 Coutant 1977 
 12 McCauley and Casselmen 1980   
 12.8 McCauley and Casselmen 1980   

Salvelinus fontinalis 13 Jobling 1981 < 20 Scott and Crossman 1973 

(Brook Trout) 14 Brown 1974 19 Coutant 1977 
 16.1 Brown 1974 20.3 Coutant 1977 
 15.4 Brown 1974 20 Coutant 1977 
   15.7 Coutant 1977 
   14.8 Coutant 1977 

Sander lucioperca 27.3 Hokanson 1977 29 Hokanson 1977 

(Zander) 24–29 Hokanson 1977 24 Keskinen et al. 2008 
 28–30 Hokanson 1977 22–26 Golovanov 2013 
 24–28 Wang et al. 2009 6–22 Kerr 2014a 
 10–27 Frisk et al. 2012   
 24–30 Kerr 2014a   

Sander vitreus  20–26 McMahon et al. 1984  20–23 Ferguson 1958 
(Walleye) 19–25 Kokanson and Koenst 1986 20.6–23.2 Coutant 1977 
 20 Colby et al. 1979   
 23–24 Nickum 1986   

Scardinius erythrophthalmus 14–28 Lehtonen 1996 2–35 Leuven et al. 2011 

(Rudd)     

Silurus glanis  25–28 Copp et al. 2009 4–20 Leuven et al. 2011 

(Wels Catfish) 12–28 Souchon and Tissot 2012 30 Nienhuis 2016 
 25–27 Santoul 2017 31 Nienhuis 2016 

Tinca tinca 12–30 Schofield et al. 2005 15–23.5 Cudmore and Mandrak 2011 

(Tench)   20–24 Cudmore and Mandrak 2011 
   20–27 Cudmore and Mandrak 2011 
   4–38 Leuven et al. 2011 
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Table A3. Optimal spawning temperature (OS) and optimal egg development temperature (OE) for the identified species. Species are 

only included if data were verifiable and temperatures are reported in degrees Celsius (C). Data is included as reported in the cited 

reference. 

 

Species OS OS Reference OE OE Reference 

Acipenser medirostris 8–14 Elkins et al. 2001 15 Hasnain 

(Green Sturgeon) 12.1 Hasnain 2012   

Alosa pseudoharengus 12.9–13.1 Tyus 1974 17.7 Spotila et al. 1979 

(Alewife) 13–16 Richkus 1974 20.8 Wismer and Christie 1987 
 15.6–27.7 Spotila et al. 1979   
 17.8 Wismer and Christie 1987   
 22 Wismer and Christie 1987   
 12.9–13.1 Wismer and Christie 1987   
 13–21 Wismer and Christie 1987   
 13–16 Wismer and Christie 1987   

Ameiurus melas  21 Scott and Crossman 1973 - - 

(Black Bullhead)     

Ameiurus nebulosus 

(Brown Bullhead) 

21.1 Scott and Crossman 1973 - - 

Amia calva  
(Bowfin) 

16–19 Scott and Crossman 1973 - - 

Carassius auratus 17–24 Wismer and Christie 1987 18.5–29.5 Wismer and Christie 1987 

(Goldfish)     

Carassius gibelio 14 Paschos et al. 2004 20.5 Saat and Veersalu 1996 

(Prussian Carp) 13.5–29.4 Sasi 2008   
 18–19 Kirankaya and Ekmekçi 2013   

Channa argus 24 Landis et al. 2011 31 Courtenay and Williams 2004 

(Northern Snakehead) 26 Landis et al. 2011 25–30 Kunci 2017 
 18–20 Landis et al. 2011   
 18 Lapointe et al. 2013   
 25 Lapointe et al. 2013   
 24–29 Kunci 2017   

Channa maculata 

(Blotched Snakehead) 

25–28 Wan Yaakov and Ali 1992 - - 

Ctenopharyngodon idella 25 Shireman and Smith 1983 26 Fedorenko and Fraser 1978 

(Grass Carp) 22 Chilton and Muoneke 1992 22–26 Nico and Williams 1996 
 30 Chilton and Muoneke 1992 32 Korwin-Kossakowski 2008 
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Cyprinella lutrensis 

(Red Shiner) 

30–34 Gale 1986 24.5 NatureServe 2016 

Cyprinus carpio 18–23 Edwards and Twomey 1982 21 Lechleitner 1992 

(Common Carp) 23 Lechleitner 1992 29.5 Lechleitner 1992 
 16–22 Mann 1996 21 Saat and Veersatu 1996 
 18 Freyhof and Kottelat 2008b 16–23 Golovanov 2013 
 15.5–22 Golovanov 2013   
 15–20 Froese and Pauly 2017e   

Esox lucius < 10 Talmage and Coutant 1979 20.8 Cravens et al. 1982 

(Northern Pike)   6.4–17.7 Spotila et al. 1979 

Esox masquinongy 13 Haas 1978 13.5 Hasnain 2012 

(Muskellunge) 16–18 Talmage and Coutant 1979   
 13 Carlander 1977   
 12.8 Scott and Crossman 1973   

Gambusia affinis 5–20 Wismer and Christie 1987 19–20 Wallace and Selman 1979 

(Western mosquitofish) 12–23 Boulé and Fitzgerald 1989 19 Wismer and Christie 1987 

Gymnocephalus cernuus 11.6–18 Hokanson 1977 21 Fairchild and McCormick 1996 

(Ruffe) 12–18 Hokanson 1977 9–21 Saat and Veersalu 1996 

 6–20 Mann 1996 11–15 Ogle 1998 

 6–18 Ogle 1998 16–18 Bonislawska et al. 2004 
 7.1–20.2 Kováč 1998 11–20 Froese and Pauly 2017b 
 12–14 Brown et al.1998   
 6–18 Souchon and Tissot 2012   

Hypophthalmichthys molitrix 21–26 Schofield et al. 2005 24–25 Schoonbee and Prinsloo 1984 

(Silver carp) 14 Kipp et al. 2011 22.3 Chapman and George 2011 
 18–20 GISD 2017   

Hypophthalmichthys nobilis 22–25.5 Jennings 1988 22–26 Jennings 1988 

(Bighead Carp) 25–30 Jennings 1988 24–30 Jennings 1988 
 22 Schrank et al. 2001 25 Coulter at al. 2013 
 24.4–28.2 Schofield et al. 2005   
 18 Peters et al. 2006   
 18–26 Chen et al. 2007   
 18.5–29.7 Coulter et al. 2013   

Ictalurus punctatus 26.7 Scott and Crossman 1973 22 Brown 1974 

(Channel Catfish) 23.9 Carlander 1969   
Ictiobus cyprinellus 15.5–18.3 Scott and Crossman 1973 20.5 Hasnain 2012 

(Bigmouth Buffalo) 17 EPA 1974   

Lepomis cyanellus 16.7 Brown 1974 29.1 Carlander 1977 
(Green Sunfish) 21.9 Hasnain 2012   

Lepomis gibbosus 25 Jobling 1981 28 Brown 1974 
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(Pumpkinseed) 30 Griffiths 1978   
 28 Brown 1974   
 24 Brown 1974   

Lepomis macrochirus 25 EPA 1974 22.2-23.9 Spotila et al. 1979 

(Bluegill)   22-24 EPA 1974 

Leuciscus idus 4–10 EIFAC 1969 12–18 Schofield et al. 2005 

(Ide/Orfe) 4–15 Mann 1996 15.7 Kupren et al. 2008 
 7–14 Schofield et al. 2005 9.5–23 Kupren et al. 2008 
 14.5 Kucharczyk et al. 2008   
 12 Corolla and Kupfer 2017   

Micropterus dolomieu 18 Shuter et al. 1980 21 EPA 1974 

(Smallmouth Bass)     

Micropterus salmoides 15.6–21 Carlander 1977 20 EPA 1974 

(Largemouth Bass) 20 Carlander 1977   
Misgurnus anguillicaudatus 20 Nienhuis 2015 25–30 Suzuki and Yamaguchi 1977 
(Japanese Weatherfish)   23 Wang et al. 2010 

Morone Americana 11–16 Scott and Crossman 1973 20 Scott and Crossman 1973 

(White Perch) 15.6–19.4 Wismer and Christie 1987 18 Morgan et al. 1981 
 15–20 CABI 2017b 19–20.9 Wismer and Christie 1987 
 10–16 CABI 2017b 15 CABI 2017b 

Morone chrysops 14.7–16.3 Talmage and Coutant 1978 16–17 EPA 1974 

(White Bass)   23.9 Brown 1974 

Mylopharyngodon piceus 22–28 NACA 1989 21–24 Nico and Williams 1996 

(Black Carp) 18–25 Nico and Williams 1996 25–28 Kamal et al.2006 
 26–36 Nico and Williams 1996   
 18–29 CDFW 2013   

Neogobius melanostomus 
(Round Goby) 

9–26 Gertzen et al. 2016 19–21 Gertzen et al. 2016 

Notropis hudsonius 20 Carlander 1969 20 Brown 1974 

(Spottail Shiner) 18 Mansfield 1984   

Oncorhynchus mykiss 

(Rainbow Trout) 

6–8 Brown 1974 7–10 Spotila et al. 1979 

Oreochromis niloticus 22 Duponchelle et al. 1999 27 Bezault et al. 2007 

(Nile Tilapia) 27–28 Baras et al. 2001   
 21 Nienhuis 2013   
 22 Nienhuis 2013   
 24 FAO 2008   

Osmerus mordax 8.9–18.3 Scott and Crossman 1973 11–17 Wismer and Christie 1987 

(Rainbow Smelt) 10–15 Scott and Crossman 1973 14 Wismer and Christie 1987 
 10 Wismer and Christie 1987 22.5 Wismer and Christie 1987 
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 4.5–11 Eakins 2017a 14–16 Bradbury et al. 2004 

Perca flavescens 12 EPA 1974 10–20 EPA 1974 
(Yellow Perch) 5–6 Dunford 1978   

Percopsis omiscomaycus 15 Talmage and Coutant 1978 - - 

(Troutperch) 20 Carlander 1969   

Petromyzon marinus 26.1 Manion and Hanson 1980 18.4 Scott and Crossman 1973 

(Sea Lamprey) 17–19 Beamish 1980 18.5 Wismer and Christie 1987 
 14–18.2 Wismer and Christie 1987 11–23 Rodriguez-Muñoz et al. 2001 

 14.4–15.6 Hasnain et al. 2010 15–19 Rodriguez-Muñoz et al. 2001 
 18–23 Froese and Pauly 2017d   

Pimephales promelas < 23.5 Beltz et al. 1974 25 Wismer and Christie 1987 

(Fathead Minnow)     

Pomoxis annularis 16–20 EPA 1974 - - 

(White Crappie) 18–20 EPA 1974   
 14–16 O’Brien et al. 1984   

Pomoxis nigromaculatus 17.8–20 Carlander 1977 18.3 Carlson and Herman 1978 

(Black Crappie) 19–20 Carlander 1977 16–20 Wismer and Christie 1987 

Pseudorasbora parva 15–19 Hubble 2012 20 Pinder and Gozlan 2003 

(Stone Moroko)     

Rhodeus sericeus 12–24 Schofield et al. 2005 - - 

(Amur Bitterling) 15–21 Souchon and Tissot 2012   

Salmoa trutta 6.7–8.9 Scott and Crossman 1973 7.5 Hasnain 2012 

(Brown Trout)     

Salvelinus fontinalis 10.7 Brown 1974 6 Brown 1974 

(Brook Trout)     

Sander lucioperca 12–20 Hokanson 1977 14–23 Hokanson 1977 

(Zander) 8–22 Mann 1996 12–16 Lappalainen et al. 2003 

 8–16 
13–19 

Lappalainen et al. 2003 

Fontell et al. 2004 

12–20 
20 

Larsen and Berg 2014 

Kerr 2014a 
 10–14 Kerr 2014a   
 10–14 Kerr 2014a   
 12 Kerr 2014a   
 12 Kerr 2014a   
 10–14.5 Kerr 2014a   
 8–15 FAO 2012   

Sander vitreus 6–12 Smith and Koenst 1975 6 Hokanson 1977 

(Walleye) 6.1–8.3 Smith and Koenst 1975 9–15 Smith and Koenst 1975 
 7.8–8.9 Smith and Koenst 1975 17.8–19.4 Smith and Koenst 1975 
 7.2–10 Smith and Koenst 1975 16.7 Talmage and Coutant 1980 
 4.4–6.7 Smith and Koenst 1975   
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 3.4–10 
5–10 

Smith and Koenst 1975  

Smith and Koenst 1975 

  

 7.1–9.9 Spotila et al. 1979   

Scardinius erythrophthalmus 18–24 EIFAC 1969 24 Korzelecka and Winnicki 1998 

(Rudd) 14–20 Mann 1996 17.5–21.5 Schofield et al. 2005 

 16 Schofield et al. 2005   
 18 CABI 2017c   

Silurus glanis 

(Wels Catfish) 

20–25 
18 

Souchon and Tissot 2012  

Nienhuis 2016 

23–25 
22–25 

Copp et al. 2009 

Souchon and Tissot 2012 
 20 Nienhuis 2016 20–28 Santoul 2017 
 20 Santoul 2017   

Tinca tinca 19–25 EIFAC 1969 19–24 Horoszewicz 1973 

(Tench) 16–26 Mann 1996 22–24 Schofield et al. 2005 
 18 Schofield et al. 2005 19–25.5 Korwin-Kossakowski 2008 
 19 Freyhof and Kottelat 2008b 22.9 Cudmore and Mandrak 2011 
 22–24 Freyhof and Kottelat 2008b   

Umbra limi  13 Carlander 1969 - - 

(Central Mudminnow) 12.8 Scott and Crossman 1973   
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Table A4. Lower incipient lethal temperature (LILT) and critical thermal minimum (CTmin) for 
the identified species. Species are only included if data were verifiable and temperatures are 

reported in degrees Celsius (C). Data is included as reported in the cited reference. A dash (-) 
indicates information not available. 

 

Species LILT LILT Reference CTmin CTmin reference 

Alosa pseudoharengus 0 Snyder and Hennessey 2003 - - 

(Alewife)     

Carassius auratus - - 0.5 Leuven et al. 2011 

(Goldfish)   0.3 Ford and Beitinger 2005 
   1.3 Ford and Beitinger 2005 

Carassius gibelio - - 0.5 Leuven et al. 2011 

(Prussian Carp)     

Channa argus - - 0 Okada 1960 

(Northern Snakehead)     

Ctenopharyngodon idella - - 0.5 Leuven et al. 2011 

(Grass Carp)     

Cyprinella lutrensis - - - - 

(Red Shiner)     

Cyprinus carpio - - 3 Leuven et al. 2011 

(Common Carp)   3 Froese and Pauly 2017a 

Esox lucius  0.1 Casselman 1978 - - 

(Northern Pike)     

Gambusia affinis 2.7 Otto 1973 3 Pyke 2005 

(Western Mosquitofish) 3 Otto 1973   

Hemichromis letourneuxi 9.1–13.3 Schofield et al. 2009 10.8–12.5 Schofield et al. 2009 

(African Jewelfish)     

Ictalurus punctatus 0 Hart 1952 2.7 Currie et al. 1997 

(Channel Catfish) 2.5 Hart 1952 6.5 Currie et al. 1997 
 6 Hart 1952 9.8 Currie et al. 1997 
 4.7 Hart 1952   

Lepomis gibbosus 8.5 Schneider et al. 1975 1.7 Becker et al. 1977 

(Pumpkinseed) 5 Schneider et al. 1975 4.1 Becker et al. 1977 
 1.1–6.4 Evans 1977 8.7 Becker et al. 1977 
   12.1 Becker et al. 1977 

Lepomis macrochirus 3 EPA 1974 - - 

(Bluegill) 5 EPA 1974   
 7 EPA 1974   
 11 EPA 1974   

Leuciscus idus - - 4 Leuven et al. 2011 

(Ide/Orfe)     

Micropterus dolomieu 2–10 EPA 1974 - - 

(Smallmouth Bass)     
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Micropterus salmoides 5.5 Hart 1952 3.2 Currie et al. 1997 

(Largemouth Bass) 11.8 Hart 1952   
 5.2 Hart 1952   
 7 Hart 1952   
 10.5 Hart 1952   

Misgurnus anguillicaudatus - - -1.8 Urquhart and Koetsier 

(Japanese Weatherfish)    2014 

Neogobius melanostomus -1 Fuller et al. 2018 4 Leuven et al. 2011 
(Round Goby)     

Oncorhynchus mykiss 0.5 Becker et al. 1977 0 Currie et al. 1997 

(Rainbow Trout) 1.4 Becker et al. 1977 0.7 Becker et al. 1977 
 3.3 Becker et al. 1977 2.1 Becker et al. 1977 
   0.2 Becker et al. 1977 
   1.5 Becker et al. 1977 
   0.1 Becker et al. 1977 
   1.2 Becker et al. 1977 
   1.3 Becker et al. 1977 
   0.9 Becker et al. 1977 

Oreochromis niloticus 8 Henson et al. 2018 - - 

(Nile Tilapia) 8 El-Sayed et al. 1996   
 5–13 El-Sayed et al. 1996   
 6.2 Shafland and Pestrak 1982   
 8.2 Sifa et al. 2002   

Perca flavescens 1.1 Brown 1974 - - 

(Yellow Perch) 3.7 Brown 1974   

Pimephales promelas - - 5.9 Heath et al. 1994 

(Fathead Minnow)     

Poecilia latipinna - - 6.8 Yanar et al. 2019 

(Sailfin Molly)   7.9 Yanar et al. 2019 
   8.6 Yanar et al. 2019 
   - - 

Proterorhinus semilunaris - - 4 Leuven et al.2011 

(Freshwater Tubenose Goby)     

Pseudorasbora parva - - 5 Leuven et al. 2011 

(Stone Moroko)     

Sander lucioperca -0.6 Frisk et al. 2012 - - 

(Zander)     

Sander vitreus 2.0–7.0 EPA 1974 - - 

(Walleye)     

Scardinius erythrophthalmus - - 2 Leuven et al. 2011 

(Rudd)     

Silurus glanis  13–14 Nienhuis 2016 - - 

(Wels Catfish)     

Tinca tinca   4 Leuven et al. 2011 

(Tench)     
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Table A5. Lower thermal tolerance (LTT, C) and overwintering ability (OA) for the 

identified species. Species are only included if data were verifiable and temperatures are 

reported in degrees Celsius (C). Data is included as reported in the cited reference. A dash 

(-) indicates information not available. 

 

Species LTT LTT Reference OA OA reference 

Alosa pseudoharengus 3 Neves 1981 - - 

(Alewife)     

Channa argus  5 Lapointe et al. 2010 - - 

(Northern snakehead)     

Cyprinella lutrensis - - Likely Nico et al. 2018 

(Red shiner)     

Gymnocephalus cernuus - - Likely Kolar and Lodge 2002 

(Ruffe)     

Hemichromis letourneuxi - - Unlikely Schofield et al. 2009 

(African Jewelfish)     

Hypophthalmichthys molitrix - - Likely Kolar et al. 2005 

(Silver carp)     

Hypophthalmichthys nobilis 

(Bighead carp) 
2 Kolar et al. 2005 - - 

Morone americana - - - - 

(White perch)     

Morone chrysops  - - Likely Robitaille et al. 2011 

(White bass)     

Mylopharyngodon piceus 0.5 Schofield et al. 2005 - - 

(Black carp)     

Neogobius melanostomus - - Likely Evans and Loftus 1987 

(Round goby)     

Osmerus mordax - - Likely Evans and Loftus 1987 

(Rainbow smelt)     

Petromyzon marinus 0 Hansen et al. 2016 - - 

(Sea lamprey)     

Proterorhinus semilunaris - - Likely Kolar and Lodge 2002 
(Freshwater tubenose goby)     

Pseudorasbora parva 2 CABI 2018 - - 

(Stone moroko)     

Rhodeus sericeus  12 Souchon and Tissot 2012 - - 
(Amur bitterling)     

Sander lucioperca - - Likely Kerr 2014a, Larsen and  
(Zander)    Berg 2014 
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Table A6. Thermal and reproductive guilds, and geographic origin for 68 fish species identified to be potentially invasive to (or within) 
the Prairie region (nd = no data). 

 

Scientific name Common name Thermal 

guild 

Reproductive 

guild 

Geographic 

origin 
Acipenser medirostris Green Sturgeon cool/cold A1 North America 

Alosa pseudoharengus Alewife cool A1 North America 

Ameiurus melas Black Bullhead warm/cool B2 North America 

Ameiurus natalis Yellow Bullhead warm B2 North America 

Ameiurus nebulosus Brown Bullhead warm B2 North America 

Amia calva Bowfin warm B2 North America 

Amphilophus citrinellus Midas Cichlid warm B2 Central America 

Astronotus ocellatus Oscar warm B2 South America 

Atractosteus spatula Alligator Gar nd A1 North America 

Carassius auratus Goldfish warm A1 Asia 

Carassius gibelio Prussian Carp warm A1 Eurasia 

Channa argus Northern Snakehead warm B1 Asia 

Channa maculata Blotched Snakehead warm B1 Asia 

Channa marulius Bullseye Snakehead warm B1 Asia 

Channa micropeltes Giant Snakehead warm B1 Asia 

Ctenopharyngodon idella Grass Carp warm A1 Asia 

Cyprinella lutrensis Red Shiner warm A2 North America 

Cyprinus carpio Common Carp warm A1 Eurasia 

Esox lucius Northern Pike cool A1 Circumpolar 

Esox masquinongy Muskellunge warm A1 North America 

Gambusia affinis Western Mosquitofish warm C2 North America 

Gymnocephalus cernuus Eurasian Ruffe cool A1 Europe 

Hemichromis letourneuxi African Jewelfish warm B2 Africa 

Hypophthalmichthys molitrix Silver Carp warm A1 Asia 

Hypophthalmichthys nobilis Bighead Carp warm A1 Asia 

Ictalurus punctatus Channel Catfish warm B2 North America 

Ictiobus cyprinellus Bigmouth Buffalo warm A1 North America 

Lepomis cyanellus Green Sunfish warm B2 North America 

Lepomis gibbosus Pumpkinseed warm B2 North America 

Lepomis macrochirus Bluegill warm B2 North America 

Leuciscus idus Orfe or Ide cold A1 Eurasia 

Micropterus dolomieu Smallmouth Bass cool B2 North America 

Micropterus salmoides Largemouth Bass warm B2 North America 
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Misgurnus anguillicaudatus Japanese Weatherfish warm A1 Asia 

Morone americana White Perch warm A1 North America 

Morone chrysops White Bass warm A1 North America 

Mylopharyngodon piceus Black Carp warm A1 Asia 

Neogobius melanostomus Round Goby warm B1 Eurasia 

Notropis hudsonius Spottail Shiner warm/cool nd North America 

Noturus gyrinus Tadpole Madtom nd nd North America 

Oncorhynchus aguabonita Golden Trout nd A2 North America 

Oncorhynchus mykiss Rainbow Trout cool A2 North America 

Oreochromis niloticus Nile Tilapia warm C1 Africa 

Osmerus mordax Rainbow Smelt cold A1 North America 

Perca flavescens Yellow Perch warm A1 North America 

Percopsis omiscomaycus Trout Perch cold A1 North America 

Petromyzon marinus Sea Lamprey cold A2 Circumpolar 

Phractocephalus hemioliopterus Redtail Catfish warm A1 South America 
Pimephales promelas Fathead Minnow warm B2 North America 

Platygobio gracilis Flathead Chub nd A1 North America 

Poecilia latipinna Sailfin Molly warm C2 North America 

Pomoxis annularis White Crappie warm/cool B2 North America 

Pomoxis nigromaculatus Black Crappie warm/cool B2 North America 

Proterorhinus semilunaris Tubernose Goby cold B2 Europe 

Pseudorasbora parva Stone Moroko cold A2 Asia 

Pygocentrus nattereri Red-bellied Piranha warm B2 South America 

Rhodeus sericeus Amur Bitterling cool A2 Asia 

Salmo letnica Ohrid Trout nd A2 Europe 

Salmo trutta Brown Trout cool/cold A2 Eurasia 

Salvelinus fontinalis Brook Trout cool/cold A2 North America 

Sander lucioperca Zander cool B2 Eurasia 

Sander vitreus Walleye cool A1 North America 

Scardinius erythrophthalmus Rudd cold A1 Eurasia 

Serrasalmus rhombeus Black Pirahna warm A1 South America 

Siluris glanis Wels Catfish cool B2 Eurasia 

Synodontis ocellifer Large-spot Catfish warm A1 Africa 

Tinca tinca Tench cool A1 Eurasia 

Umbra limi Central Mudminnow warm/cool B1 North America 

 



 

45  

REFERENCES CITED IN APPENDIX 

 

Alabaster, J.S., and Welcomme, R.L. 1962. Effect of concentration of dissolved oxygen on survival 

of trout and roach in lethal temperatures. Nature 194: 107. 

 

Alabaster, J.S., and Durbin, F.J. 1964. Blood groups in salmon, trout and their hybrids. Salmon Res. 

Trust Ireland Inc. Ann. Rep. p. 38–39. 

 

Allen, K. O., and Strawn, K. 1967. Heat oolerance of Channel Catfish, Ictalurus punctatus. 

Proceedings of Annual Conference of Southeastern Association of Game and Fish 

Commissioners 12: 399–411. 

 

Azaza, M.S., Dhraïef, M.N., and Kraïem, M.M. 2008. Effects of water temperature on growth and 

sex ratio of juvenile Nile Tilapia Oreochromis niloticus (Linnaeus) reared in geothermal 

waters in Southern Tunisia. J. Therm. Biol. 33: 98–105. 

 

Baras, E., Jacobs, B., and Mélard, C. 2001. Effect of water temperature on survival, growth and 

phenotypic sex of mixed (XX–XY) progenies of Nile Tilapia Oreochromis niloticus. 

Aquaculture 192: 187–199. 

 

Barton, B.A., and Barry, T.P. 2011. Walleye and sauger life history. In: Biology, management, and 

culture of Walleye and Sauger. Reproduction and Environmental Biology. Edited by B.A. 

Barton. American Fisheries Society. Bethesda, Maryland. pp. 199–232. 

 

Becker, C.D., and Genoway, R.G. 1979. Evaluation of the critical thermal maximum for 

determining thermal tolerance of freshwater fish. Environ. Biol. Fish. 4: 245. 

 

Becker, C.D., Genoway, R.G., and Schneider, M.J. 1977. Comparative cold resistance of three 

Columbia River organisms. Trans. Am. Fish. Soc. 106: 178–184. 

 

Becker, C.D., and Schneider, M.J. 1975. Direct effects of cold shock: Bioassays with three 

Columbia River organisms. Battelle Pacific Northwest Labs, Richland, Washington. 

BNWL-SA-5435. 21 p. <https://www.osti.gov/servlets/purl/4158753> 

 

Beitinger, T.L., Bennett, W.A., and McCauley, R.W. 2000. Temperature tolerances of North 

American freshwater fishes exposed to dynamic changes in temperature. Environ. Biol. Fish. 

58: 237–275. 

 

Beltz, J.R., Johnson, J.E., Cohen, D.E., and Pratt, F.E. 1974. Annotated bibliography of the effects 

of temperature on fish with special reference to the freshwater and anadromous species of 

New England. Published by the Massachusetts Agricultural Experiment Station, 

Massachusetts. 97 p. 

 

Bennett, W.A., McCauley, R.W., and Beitinger, T.L. 1998. Rates of gain and loss of heat tolerance 

in Channel Catfish. Trans. Am. Fish. Soc. 127: 1051–1058. 

 

Bettoli, P.W., Neill, W.H., and Kelsch, S.W. 1985. Temperature preference and heat resistance of 

Grass Carp, Ctenopharyngodon idella (Valenciennes), Bighead Carp, Hypophthalmichthys 



 

46  

nobilis (Gray), and their F1 hybrid. J. Fish Biol. 27: 239–247. 

 

Bezault, E., Clota, F., Derivaz, M., Chevassus, B., and Baroiller, J.-F. 2007. Sex determination and 

temperature-induced sex differentiation in three natural populations of Nile Tilapia 

(Oreochromis niloticus) adapted to extreme temperature conditions. Aquaculture 272: S3–

S16. 

 

Black, E.C. 1953. Upper lethal temperatures of some British Columbia freshwater fishes. J. Fish. 

Res. Board Can. 10: 196–210. 

 

Bonislawska, M., Korzelecka-Orkisz, A., Winnicki, A., Formicki, K., and Szaniawska, D. 2004. 

Morphophysiological aspects of the embryonic development of Ruffe, Gymnocephalus 

cernuus [L.] under different thermal conditions. Acta Ichthyol. Piscat.. 1: 34. 

 

Boulé, V., and Fitzgerald, G.J. 1989. Effects of constant and fluctuating temperatures on egg 

production in the Threespine Stickleback (Gasterosteus aculeatus). Can. J. Zool. 67: 1599–

1602. 

 

Bradbury, I.R., Campana, S.E., Bentzen, P., and Snelgrove, P. V. 2004. Synchronized hatch and its 

ecological significance in Rainbow Smelt Osmerus mordax in St. Mary’s Bay, 

Newfoundland. Limnol. Oceanogr. 49: 2310–2315. 

 

Brandt, S.B., Magnuson, J.J., and Crowder, L.B. 1980. Thermal habitat partitioning by fishes in 

Lake Michigan. Can. J. Fish. Aquat. Sci. 37: 1557–1564. 

 

Brown, H.W. 1974. Handbook of the effects of temperature on some North American fishes. 

American Electric Power Service Corporation, Environmental Engineering Division. vii + 

431 p. 

 

Brown, W.P., Selgeby, J.H., and Collins, H.L. 1998. Reproduction and early life history of Ruffe 

(Gymnocephalus cernuus) in the St. Louis River, a Lake Superior Tributary. J. Great Lakes 

Res. 24: 217–227. 

 

Brues, C.T. 1928. Studies on the fauna of hot springs in the Western United States and the biology 

of thermophilous animals. Proc. Am. Acad. Art. Sci. 139–228. 

 

[CABI] Centre for Agriculture and Bioscience International. 2017a. Datasheet: Leuciscus idus (Ide) 

[Original Text by S. Siriwardena]. Invasive Species Compendium. CAB International, 

Wallingford, UK. <https://www.cabi.org/isc/datasheet/77315> 

 

[CABI] Centre for Agriculture and Bioscience International. 2017b. Datasheet: Morone americana 

(White Perch) [Original Text by S. Siriwardena]. Invasive Species Compendium. CAB 

International, Wallingford, UK. <https://www.cabi.org/isc/datasheet/74160> 

 

[CABI] Centre for Agriculture and Bioscience International. 2017c. Datasheet: Scardinius 

erythrophthalmus (Rudd) [Original Text by S. Siriwardena]. Invasive Species Compendium. 

CAB International, Wallingford, UK. <https://www.cabi.org/isc/datasheet/65689> 

 

http://www.cabi.org/isc/datasheet/77315
http://www.cabi.org/isc/datasheet/74160
http://www.cabi.org/isc/datasheet/65689


 

47  

[CABI] Centre for Agriculture and Bioscience International. 2018. Datasheet: Pseudorasbora parva 

(Topmouth Gudgeon) [Original Text by S. Siriwardena]. Invasive Species Compendium. 

CAB International, Wallingford, UK. <https://www.cabi.org/isc/datasheet/67983> 

 

Calhoun, S.W., Zimmerman, E.G., and Beitinger, T.L. 1982. Stream regulation alters acute 

temperature preferenda of Red Shiners, Notropis lutrensis. Can. J. Fish. Aquat. Sci. 39: 360–

363. 

 

Carlander, K.C. 1969. Black Bullhead. Handbook of freshwater fishes of the United States and 

Canada, exclusive of the perciformes. Iowa State University Press. Ames, Iowa. pp. 525–

532. 

 

Carlander, K.D. 1977. Handbook of freshwater fishery biology, life history data on centrarchid 

fishes of the United States and Canada. Wiley-Blackwell. 752 p. 

 

Carlson, A.R. ,and Herman, L.J. 1978. Effect of long-term reduction and diel fluctuation in 

dissolved oxygen on spawning of Black Crappie, Pomoxis nigromaculatus. Trans. Am. Fish. 

Soc. 107: 742–746. 

 

Carrier, R., and Beitinger, T.L. 1988a. Reduction in thermal tolerance of Notropis lutrensis and 

Pimephales promelas exposed to cadmium. Water Res. 22: 511–515. 

 

Carrier, R., and Beitinger, T.L. 1988b. Resistance of temperature tolerance ability of Green Sunfish 

to cadmium exposure. Bull. Environ. Contam. Toxicol. 40: 475–480. 

 

Casselman, J.M. 1978. Effects of environmental factors on growth, survival, activity, and 

exploitation of Northern Pike. Am. Fish. Soc. Spec. Publ. 11: 114–128. 

 

Castleberry, D.T., and Cech Jr, J.J. 1992. Critical thermal maxima and oxygen minima of five fishes 

from the Upper Klamath Basin. Calif. Fish Game. 78: 145–152. 

 

[CDFW] California Department of Fish and Wildlife. 2013. Invasive Species Fact Sheet - Black 

Carp. California Department of Fish and Wildlife, Sacramento, California. 

<https://www.wildlife.ca.gov/Conservation/Invasives/Species/Black-Carp> 

 

Cech Jr, J.J., Doroshov, S.I., Moberg, G.P., May, B.P., Schaffter, R.G., and Kohlhorst, D.M. 2000. 

Biological assessment of Green Sturgeon in the Sacramento-San Joaquin Watershed (Phase 

1). Final Report to the CALFED Bay-Delta Program. Project # 98-C-15, Contract #B-81738. 

 

Chapman, D.C., and George, A.E. 2011. Developmental rate and behavior of early life stages of 

Bighead Carp and Silver Carp. US Geological Survey Scientific Investigations Report 

2011–5076, 62 p. 

 

Chatterjee, N., Pal, A.K., Manush, S.M., Das, T., and Mukherjee, S.C. 2004. Thermal tolerance and 

oxygen consumption of Labeo rohita and Cyprinus carpio early fingerlings acclimated to 

three different temperatures. J. Therm. Biol. 29: 265–270. 

 

Cheetham, J.L., Garten, C.T., King, C.L., and Smith, M.H. 1976. Temperature tolerance and 

http://www.cabi.org/isc/datasheet/67983


 

48  

preference of immature Channel Catfish (Ictalurus punctatus). Copeia 3: 609–612. 

 

Chen, P., Wiley, E.O., and Mcnyset, K.M. 2007. Ecological niche modeling as a predictive tool: 

Silver and Bighead Carps in North America. Biol. Invas. 9: 43–51. 

 

Cherry, D.S., Rodgers Jr, J.H., Cairns Jr, J., Dickson, K.L., and Guthrie, R.K. 1976. Responses of 

Mosquitofish (Gambusia affinis) to ash effluent and thermal stress. Trans. Am. Fish. Soc. 

105: 686–694. 

 

Cherry, D.S., Dickson, K.L., Cairns Jr., J., and Stauffer, J.R. 1977. Preferred, avoided, and lethal 

temperatures of fish during rising temperature conditions. J. Fish. Res. Board Can. 34: 239–

246. 

 

Chilton, E.W., and Muoneke, M.I. 1992. Biology and management of Grass Carp 

(Ctenopharyngodon idella, Cyprinidae) for vegetation control: A North American 

perspective. Rev. Fish Biol. Fish. 2: 283–320. 

 

Chipps, S.R., and Wahl, D.H. 2004. Development and evaluation of a Western Mosquitofish 

bioenergetics model. Trans. Am. Fish. Soc. 133: 1150–1162. 

 

Christie, G.C., and Regier, H.A. 1988. Measures of optimal thermal habitat and their relationship 

to yields for four commercial fish species. Can. J. Fish. Aquat. Sci. 45: 301–314. 

 

Colby, P.J., McNicol, R.E., and Ryder, R.A. 1979. Synopsis of biological data on the Walleye 

Stizostedion vitreum (Mitchill 1818). FAO Fisheries Synopses (FAO). 119 p. 

 

Cooke, S.L., and Hill, W.R. 2010. Can filter-feeding Asian Carp invade the Laurentian Great Lakes? 

A bioenergetic modelling exercise. Freshw. Biol. 55: 2138–2152. 

 

Copp, G.H., Robert Britton, J., Cucherousset, J., García-Berthou, E., Kirk, R., Peeler, E., and 

Stakėnas, S. 2009. Voracious invader or benign feline? A review of the environmental 

biology of European Catfish Silurus glanis in its native and introduced ranges. Fish. Fish. 

10: 252–282. 

 

Corolla, J., and Kupfer, M. 2017. Leuciscus idus (Linnaeus, 1758). Données d’observations pour la 

reconnaissance et l’identification de la faune et la flore subaquatiques. 

<http://doris.ffessm.fr/Especes/Leuciscus-idus-Ide-melanote-2167> 

 

Coulter, A.A., Keller, D., Amberg, J. J., Bailey, E.J., and Goforth, R.R. 2013. Phenotypic plasticity 

in the spawning traits of Bigheaded Carp (Hypophthalmichthys spp.) in novel ecosystems. 

Freshw. Biol. 58: 1029–1037. 

 

Courtenay, W.R., and Williams, J.D. 2004. Snakeheads (Pisces, Channidae): A biological synopsis 

and risk assessment. US Geological Survey 1251. 151 p. 

 

Coutant, C.C. 1977. Compilation of temperature preference data. J. Fish. Res. Board Can. 34: 739–

745. 

 

http://doris.ffessm.fr/Especes/Leuciscus-idus-Ide-melanote-2167


 

49  

Craigie, D.E. 1963. An effect of water hardness in the thermal resistance of the Rainbow Trout, 

Salmo gairdnerii Richardson. Can. J. Zool. 41: 825–830. 

 

Cravens, J.B. 1982. Thermal effects. J. Water Pollut. Control Fed. 54: 812–829. 

 

Cross, E.E., and Rawding, R.S. 2009. Acute thermal tolerance in the Round Goby, Apollonia 

melanostoma (Neogobius melanostomus). J. Therm. Biol. 34: 85–92. 

 

Crowder, L.B., Magnuson, J.J., and Brandt, S.B. 1981. Complementarity in the use of food and 

thermal habitat by Lake Michigan fishes. Can. J. Fish. Aquat. Sci. 38: 662–668. 

 

Cudmore, B., and Mandrak, N.E. 2004. Biological synopsis of Grass Carp (Ctenopharyngodon 

idella). Can. Man. Rep. Fish. Aquat. Sci. 2705. 44 p. 

 

Cudmore, B.C. ,and Mandrak, N.E. 2011. Biological synopsis of Tench (Tinca tinca). Can. Man. 

Rep. Fish. Aquat. Sci. 2958. 20 p. 

 

Currie, R.J., Bennett, W.A., and Beitinger, T.L. 1998. Critical thermal minima and maxima of three 

freshwater game-fish species acclimated to constant temperatures. Environ. Biol. Fish. 51: 

187–200. 

 

DeGrandchamp, K.L., Garvey, J.E., and Csoboth, L.A. 2008. Linking adult reproduction and larval 

density of invasive carp in a large river. Trans. Am. Fish. Soc. 136: 1327–1334. 

 

Diaz, F., Espina, S., Rodriguez, C., and Soto, F. 1998. Preferred temperature of Grass Carp, 

Ctenopharyngodon idella (Valenciennes), and Brema Carp, Megalobrama amblycephala 

(Yih), (Pisces, Cyprinidae) in horizontal and vertical gradients. Aquacult. Res. 29: 643– 648. 

 

Dunford, W.E. 1978. Field fish spawning study Lennox GS 1976. 78-28-K. Ontario Hydro Research 

Division. 26 p. 

 

Duponchelle, F., Cecchi, P., Corbin, D., Nuñez, J., and Legendre, M. 1999. Spawning season 

variations of female Nile Tilapia, Oreochromis niloticuss, from Man-Ma de Lakes of Côte 

d’Ivoire. Environ. Biol. Fish. 56: 375–387. 

 

Eakins, R.J. 2017a. Rainbow Smelt. In: Ontario freshwater fishes life history database. 

<http://www.ontariofishes.ca/fish_detail.php?FID=84> 

 

Eakins, R.J. 2017b. White Perch. In: Ontario freshwater fishes life history database. 

<http://www.ontariofishes.ca/fish_detail.php?FID=127> 

 

Edsall, T.A., Selgeby, J.H., DeSorcie, T.J., and French III, J.R. 1993. Growth-temperature relation 

for young-of-the-year Ruffe. J. Great Lakes Res. 19: 630–633. 

 

Edwards, E.A., and Twomey, K.A. 1982. Habitat suitability index models: Common Carp. US 

Department of the Interior, Fish and Wildlife Service, Washington, DC. FWS/OBS-

82/10.12. 27 p. 

 

http://www.ontariofishes.ca/fish_detail.php?FID=84
http://www.ontariofishes.ca/fish_detail.php?FID=127


 

50  

Elkins, C., Miller, J., and Kaplan, J. 2001. Petition to list the North American Green Sturgeon 

(Acipenser medirostris) as an endangered or threatened species under the Endangered 

Species Act. Environmental Protection Information Center, Center for Biological Diversity 

Waterkeepers Northern California Petitioners. 89 p. 

 

Elliott, J.M., and Elliott, J.A. 1995, The effect of the rate of temperature increase on the critical 

thermal maximum for parr of Atlantic Salmon and Brown Trout. J. Fish Biol. 47: 917–919. 

 

Ellis, C.J. 1984. Predicted survival of selected fish species released via fish pump to untempered 

discharge water at Nanticocke TGS. Environ. Stud. Assess. Dep. 83455. 44 p. 

 

El-Sayed, A.-F., El-Ghobashy, A., and Al-Amoudi, M. 1996. Effects of pond depth and water 

temperature on the growth, mortality and body composition of Nile Tilapia, Oreochromis 

niloticus (L.). Aquacult. Res. 27: 681–687. 

 

EPA. 1974. Technical guidance - Thermal discharges. draft. water planning division, office of water 

and hazardous materials. Env. Prot. Agency. 187 p. 

 

Evans, D.O. 1977. Seasonal changes in standard metabolism, upper and lower thermal tolerance 

and thermoregulatory behaviour of the Pumpkinseed, Lepomis gibbosus, Linnaeus, Ph.D. 

thesis, University of Toronto. Toronto, Ontario. 429 p. 

 

Evans, D.O., and Loftus, D.H. 1987. Colonization of inland lakes in the Great Lakes region by 

Rainbow Smelt, Osmerus mordax: Their freshwater niche and effects on indigenous fishes. 

Can. J. Fish. Aquat. Sci. 44: s249–s266. 

 

Fairchild, D.J., and McCormick, J.H. 1996. Effects of temperature on hatching and development of 

Ruffe (Gymnocephalus cernuus). J. Great Lakes Res. 22: 89–94. 

 

[FAO] Food and Agriculture Organization. 2008. Oreochromis niloticus (Linnaeus, 1758). Cultured 

Aquatic Species Information Programme, Food and Agriculture Organization of the United 

Nations. <http://www.fao.org/fishery/culturedspecies/Oreochromis_niloticus/en> 

 

[FAO] Food and Agriculture Organization. 2012. Sander lucioperca (Linnaeus, 1758). Cultured 

Aquatic Species Information Programme, Food and Agriculture Organization of the United 

Nations. <http://www.fao.org/fishery/culturedspecies/Sander_lucioperca/en> 

 

[FAO] Food and Agriculture Organization. 2017. Hypophthalmichthys molitrix (Valenciennes, 

1844). Cultured Aquatic Species Information Programme, Food and Agriculture 

Organization of the United Nations. 

<http://www.fao.org/fishery/culturedspecies/Hypophthalmichthys_molitrix/en> 

 

Farmer, G.J., Beamish, F.W.H., and Lett, P.F. 1977. Influence of water temperature on the growth 

rate of the landlocked Sea Lamprey (Petromyzon marinus) and the associated rate of host 

mortality. J. Fish. Res. Board Can. 34: 1373–1378. 

 

Fedorenko, A.Y., and Fraser, F.J. 1978. A review of the biology of Grass Carp (Ctenopharyngodon 

idella) and its evaluation as a potential weed control agent in British Columbia. Fish. Mar. 

http://www.fao.org/fishery/culturedspecies/Oreochromis_niloticus/en
http://www.fao.org/fishery/culturedspecies/Sander_lucioperca/en
http://www.fao.org/fishery/culturedspecies/Hypophthalmichthys_molitrix/en


 

51  

Ser. Tech. Rep. 786: 1–15. 

 

Ferguson, R.G. 1958. The preferred temperature of fish and their midsummer distribution in 

temperate lakes and streams. J. Fish. Res. Board Can. 15: 607–624. 

 

Fields, R., Lowe, S.S., Kaminski, C., Whitt, G.S., and Philipp, D.P. 1987. Critical and chronic 

thermal maxima of Northern and Florida Largemouth Bass and their reciprocal F1 and F2 

hybrids. Trans. Am. Fish. Soc. 116: 856–863. 

 

Fontell, E., Lehtonen, H., and Lappalainen, J. 2004. Influence of temperature and depth on spawning 

site selection of Pikeperch (Sander lucioperca) in the Helsinki Sea area. In: Proceedings of 

Percis III: The Third International Percid Fish Symposium. Edited by T.P. Barry an J.A. 

Malison. pp. 103–104. 

 

Ford, T., and Beitinger, T.L. 2005. Temperature tolerance in the Goldfish, Carassius auratus. J. 

Therm. Biol. 30: 147–152. 

 

Freyhof, J., and Kottelat, M. 2008a. Cyprinus carpio. The IUCN Red List of Threatened Species 

2008: e.T6181A12559362. <http://www.iucnredlist.org/details/6181/0> 

 

Freyhof, J., and Kottelat, M. 2008b Tinca tinca. The IUCN Red List of Threatened Species 2008: 

e.T17067A6795882. <http://www.iucnredlist.org/details/17067/0> 

 

Frisk, M., Skov, P.V., and Steffensen, J.F. 2012. Thermal optimum for Pikeperch (Sander 

lucioperca) and the use of ventilation frequency as a predictor of metabolic rate. 

Aquaculture 324: 151–157. 

 

Froese, R., and Pauly, D. 2017a. Cyprinus carpio (Linnaeus, 1758) Common Carp. In: FishBase 

2017. <http://www.fishbase.org/summary/Cyprinus-carpio.html> 

 

Froese, R., and Pauly, D. 2017b. Gymnocephalus cernua (Linnaeus, 1758) Ruffe. In: FishBase 

2017. <http://www.fishbase.ca/summary/4474> 

 

Froese, R., and Pauly, D. 2017c. Oreochromis niloticus (Linnaeus, 1758) Nile Tilapia. In: FishBase 

2017. <http://www.fishbase.ca/summary/2> 

 

Froese, R., and Pauly, D. 2017d. Petromyzon marinus (Linnaeus, 1758) Sea Lamprey. In: FishBase 

2017. <http://www.fishbase.ca/summary/Petromyzon-marinus.html> 

 

Froese, R., and Pauly, D. 2018. Proterorhinus marmoratus (Pallas, 1814) Tubenose Goby. In: 

FishBase 2017. <http://www.fishbase.ca/summary/12020> 

 

Fry, F.E.J., and Hart, J.S. 1948. Cruising speed of Goldfish in relation to water temperature. J. Fish. 

Res. Board Can. 7: 169–175. 

 

Fuller, P., Benson, A., Maynard, E., Neilson, M.E., Larson, J., and Fusaro, A. 2018. Neogobius 

melanostomus (Pallas, 1814). U.S. Geological Survey, Nonindigenous Aquatic Species 

Database, Gainesville, FL and NOAA Great Lakes Aquatic Nonindigenous Species 

http://www.iucnredlist.org/details/6181/0
http://www.iucnredlist.org/details/17067/0
http://www.fishbase.org/summary/Cyprinus-carpio.html
http://www.fishbase.ca/summary/4474
http://www.fishbase.ca/summary/2
http://www.fishbase.ca/summary/Petromyzon-marinus.html
http://www.fishbase.ca/summary/12020


 

52  

Information System, Ann Arbor, Michigan. 

<https://nas.er.usgs.gov/queries/greatlakes/FactSheet.aspx?SpeciesID=713&Potential=N&

Type=0> 

 

Gale, W.F. 1986. Indeterminate fecundity and spawning behavior of captive Red Shiners - 

fractional, crevice spawners. Trans. Am. Fish. Soc. 115: 429–437. 

 

Gertzen, S., Fidler, A., Kreische, F., Kwabek, L., Schwamborn, V., and Borcherding, J. 2016. 

Reproductive strategies of three invasive Gobiidae co-occurring in the Lower Rhine 

(Germany). Limnol. Ecol. Manag. Inl. Waters. 56: 39–48. 

 

[GISD] Global Invasive Species Database. 2017. Species Profile: Hypophthalmichthys molitrix In: 

Global Invasive Species Database, International Union for Conservation of Nature (IUCN), 

Invasive Species Specialist Group. <http://www.iucngisd.org/gisd/species.php?sc=774> 

 

Golovanov, V.K. 2013. Ecophysiological patterns of distribution and behavior of freshwater fish in 

thermal gradients. J. Ichthyol. 53: 252–280. 

 

Griffiths, J.S. 1978. Fish growth at Great Lakes generating station sites. Ontario Hydro Research 

Division. 78-52-K. 

 

Haas, R.C. 1978. The Muskellunge in Lake St. Clair. Am. Fish. Soc. Spec. Publ. 11: 334–339. 

 

Hagen, D.W. 1964. Evidence of adaptation to environmental temperatures in three species of 

Gambusia (Poeciliidae). Southwest. Natural. 9: 6–19. 

 

Hall Jr, L.W., Hocutt, C.H., and Stauffer Jr, J.R. 1978. Implication of geographic location on 

temperature preference of White Perch, Morone americana. J. Fish. Res. Board Can. 35: 

1464–1468. 

 

Hansen, M.J., Madenjian, C.P., Slade, J.W., Steeves, T.B., Almeida, P.R., and Quintella, B.R. 2016. 

Population ecology of the Sea Lamprey (Petromyzon marinus) as an invasive species in the 

Laurentian Great Lakes and an imperiled species in Europe. Rev. Fish Biol. Fish. 26: 509– 

535. 

 

Hart, J.S. 1952. Geographic variations of some physiological and morphological characters in 

certain freshwater fish. University of Toronto Biol. Ser. 60. 79 p. 

 

Hasnain, S. 2012. Factors influencing ecological metrics of thermal response in north american 

freshwater fish. M.Sc. thesis. University of Toronto. Toronto, Ontario. 62 p. 

 

Hasnain, S.S., Minns, C.K. ,and Shuter, B.J. 2010. Key ecological temperature metrics for Canadian 

freshwater fishes. Ontario Forest Research Institute. 54 p. 

 

Heath, S., Bennett, W. A., Kennedy, J., and Beitinger, T. L. 1994. Heat and cold tolerance of the 

Fathead Minnow, Pimephales promelas, exposed to the synthetic pyrethroid cyfluthrin. Can. 

J. Fish. Aquat. Sci. 51: 437–440. 

 

http://www.iucngisd.org/gisd/species.php?sc=774


 

53  

Henson, M.N., Aday, D.D., and Rice, J.A. 2018. Thermal tolerance and survival of Nile Tilapia and 

Blue Tilapia under rapid and natural temperature declination rates. Trans. Am. Fish. Soc. 

147: 278–286. 

 

Hokanson, K.E., 1977. Temperature requirements of some percids and adaptations to the seasonal 

temperature cycle. J. Fish. Res. Board Can. 34: 1524–1550. 

 

Hokanson, K.E., and Koenst, W.M. 1986. Revised estimates of growth requirements and lethal 

temperature limits of juvenile walleyes. Progr. Fish-Cult. 48: 90–94. 

 

Hölker, F., and Thiel, R. 1998. Biology of Ruffe (Gymnocephalus cernuus (L.)) - A review of 

selected aspects from European literature. J. Great Lakes Res. 24: 186–204. 

 

Horoszewicz, L. 1973. Lethal and ‘disturbing’temperatures in some fish species from lakes with 

normal and artificially elevated temperature. J. Fish Biol. 5: 165–181. 

 

Houston, A. H. 1982. Thermal effects upon fishes. Pub. Nat. Res. Council. Can. No. 18566. 200 p. 

 

Hubble, D. 2012. Factsheet: Topmouth Gudgeon, Pseudorasbora parva. Great Britain Non Native 

Species Secretariat. 

<http://www.nonnativespecies.org/factsheet/downloadFactsheet.cfm?speciesId=2876> 

 

[IAEA] International Atomic Energy Agency. 1975. Environmental effects of cooling systems at 

nuclear power plants: Proceedings of a symposium on the physical and biological effects on 

the environment of cooling systems and thermal discharges at nuclear power stations. Oslo, 

Norway. 26-30 August 1974. International Atomic Energy Proceedings Series, Vienna, 

Austria. STI/PUN/378. 831 p. 

 

Jennings, D.P. 1988. Bighead Carp (Hypophthalmichthys nobilis): A biological synopsis. U.S. Fish 

and Wildlife Service, Washington, DC. Biol. Rep. 88(29). 35 p. 

 

Jobling, M. 1981. Temperature tolerance and the final preferendum - Rapid methods for the 

assessment of optimum growth temperatures. J. Fish Biol. 19: 439–455. 

 

Kamal, D., Siddiqa, A., and Ferdous, K.S. 2006. Effect of different hormone treatments on the 

breeding success of the exotic Black Carp, Mylopharyngodon piceus. Bangladesh J. Zool. 

34: 257-268. 

 

Kaya, C.M. 1978. Thermal resistance of Rainbow Trout from a permanently heated stream, and of 

two hatchery strains. Progr. Fish-Cult. 40: 138–142. 

 

Kellogg, R.L., and Gift, J.J. 1983. Relationship between optimum temperatures for growth and 

preferred temperatures for the young of four fish species. Trans. Am. Fish. Soc. 112: 424– 

430. 

 

Kerr, S. 2014a. A risk assessment for Zander (Sander lucioperca). Ontario Ministry of Natural 

Resources, Peterborough, Ontario. 49 p. 

 

http://www.nonnativespecies.org/factsheet/downloadFactsheet.cfm?speciesId=2876


 

54  

Kerr, S. 2014b. A risk assessment of the Stone Moroko (Pseudoraspora parva). Ontario Ministry 

of Natural Resources, Peterborough, Ontario. 42 p. 

 

Keskinen, T., Jääskeläinen, J., Marjomäki, T.J., Matilainen, T., and Karjalainen, J. 2008. A 

bioenergetics model for Zander: Construction, validation, and evaluation of uncertainty 

caused by multiple input parameters. Trans. Am. Fish. Soc. 137: 1741–1755. 

 

Kipp, R., Cudmore, B., and Mandrak, N.E. 2011. Updated (2006-Early 2011) biological synopsis 

of Bighead Carp (Hypophthalmichthys nobilis) and Silver Carp (H. molitrix). Can. Man. 

Rep. Fish. Aquat. Sci. 2962. 51 p. 

 

Kirankaya, Ş.G., and Ekmekçi, F.G. 2013. Life-history traits of the invasive population of Prussian 

Carp, Carassius gibelio (Actinopterigi, Cypriniformes, Cyprinidae), from Gelingüllü 

Reservoir. Yozgat, Turkey. Acta Ichthyol. Piscat. 43: 31–40. 

 

Kitchell, J.F., and Breck, J.E. 1980. Bioenergetics model and foraging hypothesis for Sea Lamprey 

(Petromyzon marinus). Can. J. Fish. Aquat. Sci. 37: 2159–2168. 

 

Kitchell, J.F., Stewart, D.J., and Weininger, D. 1977. Applications of a bioenergetics model to 

Yellow Perch (Perca flavescens) and Walleye (Stizostedion vitreum). Can. J. Fish. Aquat. 

Sci. 34: 1922–1935. 

 

Kolar, C.S., and Lodge, D.M. 2002. Ecological predictions and risk assessment for alien fishes in 

North America. Science 298: 1233–1236. 

 

Kolar, C.S., Chapman, D.C., Courtenay Jr, W.R., Housel, C.M., Williams, J.D., and Jennings, D.P. 

2005. Asian Carps of the Genus Hypophthalmichthys (Pisces, Cyprinidae) - A biological 

synopsis and environmental risk assessment. Report to the U.S. Fish and Wildlife Service 

per Interagency Agreement 94400-3-0128. 185 p. 

 

Korwin-Kossakowski, M. 2008. The influence of temperature during the embryonic period on larval 

growth and development in Carp, Cyprinus carpio L., and Grass Carp, Ctenopharyngodon 

idella (Val.): Theoretical and practical aspects. Arch. Pol. Fish. 16: 231–314. 

 

Korzelecka A., and Winnicki A. 1998. Peculiarities of embryogenesis in Scardinius 

erythrophthalmus. L. Elect. J. Pol. Agricult. Univers. 1: 01. 

 

Kováč, V. 1998. Biology of Eurasian Ruffe from Slovakia and adjacent Central European countries. 

J. Great Lakes Res. 24: 205–216. 

 

Kucharczyk, D., Targońska, K., Żarski, D., Kujawa, R., and Mamcarz, A. 2008. A review of the 

reproduction biotechnology for fish from the genus Leuciscus. Arch. Pol. Fish. 16: 319–340. 

 

Kunci, C. 2017. Personal Communication. Pearl River Fisheries Research Institute. Chinese 

Academy of Fishery Sciences. Guangzhou, China. 

 

Kupren, K., Mamcarz, A., Kucharczyk, D., Prusińska, M., and Krejszeff, S. 2008. Influence of water 

temperature on eggs incubation time and embryonic development of fish from Genus 



 

55  

Leuciscus. Pol. J. Nat. Sci. 23: 461–481. 

 

Landis, A.M.G., Lapointe, N.W., and Angermeier, P.L. 2011. Individual growth and reproductive 

behavior in a newly established population of Northern Snakehead (Channa argus). 

Potomac River, USA. Hydrobiologia. 661: 123–131. 

 

Lantry, B.F., and Stewart, D.J. 1993. Ecological energetics of Rainbow Smelt in the Laurentian 

Great Lakes: An interlake comparison. Trans. Am. Fish. Soc. 122: 951–976. 

 

Lapointe, N.W.R., Thorson, J.T., and Angermeier, P.L. 2010. Seasonal meso- and microhabitat 

selection by the Northern Snakehead (Channa argus) in the Potomac River System. Ecol. 

Freshwater Fish. 19: 566–577. 

 

Lapointe, N.W.R., Odenkirk, J.S., and Angermeier, P.L. 2013. Seasonal movement, dispersal, and 

home range of Northern Snakehead Channa argus (Actinopterygii, Perciformes) in the 

Potomac River Catchment. Hydrobiologia 709: 73–87. 

 

Lappalainen, J., Dörner, H., and Wysujack, K. 2003. Reproduction biology of Pikeperch (Sander 

lucioperca (L.)) - A review. Ecol. Freshwat. Fish. 12: 95–106. 

 

Larsen, L., and Berg, S. 2014. NOBANIS-Invasive alien species fact sheet - Sander lucioperca. 

Online Database of the European Network on Invasive Alien Species-NOBANIS. 

<www.nobanis.org> 

 

Lawson, Z.J., Vander Zanden, M.J., Smith, C.A., Heald, E., Hrabik, T.R., and Carpenter, S.R. 2015. 

Experimental mixing of a north-temperate lake: Testing the thermal limits of a cold-water 

invasive fish. Can. J. Fish. Aquat. Sci. 72: 926–937. 

 

Lechleitner, R.A. 1992. Literature review of the thermal requirements and tolerances of organisms 

below Glen Canyon Dam. Report to Glen Canyon Environmental Studies. Flagstaff, 

Arizona. <http://www.nativefishlab.net/library/textpdf/20221.pdf> 

 

Lee, R.M., and Rinne, J.N. 1980. Critical thermal maxima of five trout species in the Southwestern 

United States. Trans. Am. Fish. Soc. 109, 632–635. 

 

Lee, V.A., and Johnson, T.B. 2005. Development of a bioenergetics model for the Round Goby 

(Neogobius melanostomus). J. Great Lakes Res. 31: 125–134. 

 

Lehtonen, H. 1996. Potential effects of global warming on northern european freshwater fish and 

fisheries. Fish. Manage. Ecol. 3: 59–71. 

 

Leidy, G.R., and Jenkins, R.M. 1977. The development of fishery compartments and population 

coefficients for use in reservoir ecosystem modeling. Contract Report, Y-77-1. 72 p. 

 

Leuven, R., Hendriks, A.J., Huijbregts, M.A.J., Lenders, H.J.R., Matthews, J., and Velde, G.V.D. 

2011. Differences in sensitivity of native and exotic fish species to changes in river 

temperature. Curr. Zool. 57: 852–862. 

 

http://www.nobanis.org/
http://www.nativefishlab.net/library/textpdf/20221.pdf


 

56  

Li, S.Z., and Fang, F. 1990. On the geographical distribution of the four kinds of pond-cultured 

carps in China. Acta Zool. Sin. 36: 244–250. 

 

Likongwe, J.S., Stecko, T.D., Stauffer Jr, J.R., and Carline, R.F. 1996. Combined effects of water 

temperature and salinity on growth and feed utilization of juvenile Nile Tilapia Oreochromis 

niloticus (Linneaus). Aquaculture 146: 37–46. 

 

Liu, J., Cui, Y., and Liu, J. 1998. Food consumption and growth of two piscivorous fishes, the 

Mandarin Fish and the Chinese Snakehead. J. Fish Biol. 53: 1071–1083. 

 

Liu, J., Cui, Y., and Liu, J. 2002. The optimum temperatures for the Mandarin Fish (Siniperca 

chuatsi) and the Northern Snakehead (Channa argus). Acta Hydrobiol. Sin. 26: 433–437. 

 

Lutterschmidt, W.I., and Hutchison, V.H. 1997. The critical thermal maximum: History and 

critique. Can. J. Zool. 75: 1561–1574. 

 

Maness, J.D., and Hutchison, V.H. 1980. Acute adjustment of thermal tolerance in vertebrate 

ectotherms following exposure to critical thermal maxima. J. Therm. Biol. 5: 225–233. 

 

Mann, R.H.K. 1996. Environmental requirements of European non-salmonid fish in rivers. 

Hydrobiologia 323: 223–235. 

 

Mansfield, P.J. 1984. Reproduction by Lake Michigan fishes in a tributary stream. Trans. Am. Fish. 

Soc. 113: 231–237. 

 

Matthews, W.J. 1986. Geographic variation in thermal tolerance of a widespread minnow Notropis 

lutrensis of the North American Mid-West. J. Fish Biol. 28: 407–417. 

 

Matthews, W.J., and Hill, L.G. 1977. Tolerance of the Red Shiner, Notropis lutrensis (Cyprinidae) 

to environmental parameters. Southwest. Natural. 22: 89–98. 

 

Matthews, W.J., and Maness, J. 1979. Critical thermal maxima, oxygen tolerances, and population 

fluctuations in southwestern stream fishes. Am. Midl. Natural. 102: 374–377. 

 

Mayfield, R.B., and Cech Jr, J.J. 2004. Temperature effects on Green Sturgeon bioenergetics. Trans. 

Am. Fish. Soc. 133: 961–970. 

 

McCauley, R.W., and Casselman, J.M. 1980. The final preferendum as an index of the temperature 

for optimum growth in fish. Proceedings of the World Symposium on Aquaculture in heated 

effluents and recirculation systems. Stavanger, Norway. 2: 81–93. 

 

McMahon, T.E., Terrell, J.W,. and Neslon, P.C. 1984. Habitat suitability information: Walleye. US 

Fish and Wildlife Service. FWS/OBS-82/10.56. 43 p. 

 

Minor, J.D., and Crossman, E.J. 1979. Home range and seasonal movements of Muskellunge as 

determined by radiotelemetry. Department of Natural Resources, Madison, Wisconsins. 

Tech. Bull. No. 119. 24 p. 

 



 

57  

Morgan, R.P., Rasin Jr, V.J., and Copp, R.L. 1981. Temperature and salinity effects on development 

of Striped Bass eggs and larvae. Trans. Am. Fish. Soc. 110: 95–99. 

 

Myrick, C.A., and Cech, J.J. 2000. Temperature influences on California Rainbow Trout 

physiological performance. Fish Physiol. Biochem. 22: 245–254. 

 

[NACA] Network of Aquaculture Centers in Asia. 1989. Integrated fish farming in China, A World 

Food Day 1989 Publication of the Network of Aquaculture Centers in Asia and the Pacific, 

Bangkok, Thailand. NACA Technical Manual 7. 299 p. 

 

NatureServe. 2016. Cyprinella lutrensis. NatureServe Explorer: An online encyclopedia of life 

[web application]. Version 7.1. NatureServe, Arlington, Virgina. 

<http://explorer.natureserve.org> 

 

[NDEP] Nevada Division of Environmental Protection. 2016. Common Carp thermal tolerance 

analysis - juvenile and adult, summer. Nevada Division of Environmental Protection, Carson 

City, Nevada. 11 p. 

 

Neves, R.J. 1981. Offshore distribution of Alewife Alosa pseudoharengus, and Blueback Herring 

Alosa aestivalis, along the Atlantic coast. Fish. Bull. 79: 473–485. 

 

Nickum, J.G. 1978. Intensive culture of walleyes: The state of the art. Am. Fish. Soc. Spec. Publ. 

11: 187–194. 

 

Nico, L., and Williams, J.D. 1996. Risk assessment on Black Carp (Pisces: Cyprinidae). U.S. 

Geological Survey, Biological Division. Gainesville, Florida. 68 p. 

 

Nico, L., Fuller, M., and Neilson, M. 2018. Cyprinella lutrensis (Baird and Girard, 1853) U.S. 

Geological Survey, Nonindigenous Aquatic Species Database, Gainesville, Florida and 

NOAA Great Lakes Aquatic Nonindigenous Species Information System, Ann Arbor, 

Michigan. <https://nas.er.usgs.gov/queries/factsheet.aspx?SpeciesID=518> 

 

Nienhuis, S. 2016. A risk assessment for Wels Catfish (Silurus glanis) in Ontario. Ontario Ministry 

of Natural Resources and Forestry. Peterborough, Ontario. 49 p. 

 

Nienhuis, S. 2015. A risk assessment for Oriental Weatherfish (Misgurnus anguillicaudatus) in 

Ontario. Ontario Ministry of Natural Resources and Forestry. Peterborough, Ontario. 48 p. 

 

Nienhuis, S. 2013. A risk assessment for Tilapia (Oreochromis spp.) in Ontario, Ontario Ministry 

of Natural Resources and Forestry. Peterborough, Ontario. 55 p. 

 

Niimi, A.J., and Beamish, F.W.H. 1974. Bioenergetics and growth of Largemouth Bass 

(Micropterus salmoides) in relation to body weight and temperature. Can. J. Zool. 52: 447–

456. 

 

O’Brien, W.J., Loveless, B., and Wright, D. 1984. Feeding ecology of young White Crappie in a 

Kansas Reservoir. N. Am. J. Fish. Manage. 4: 341–349. 

 

http://explorer.natureserve.org/


 

58  

Ogle, D.H. 1998. A Synopsis of the biology and life history of Ruffe. J. Great Lakes Res. 24: 170–

185. 

 

Okada, Y. 1960. Studies on the freshwater fishes of Japan, II. Special Part. J. Fac. Fish. Pref. Univ. 

Mie. 4: 267–588. 

 

Otto, R.G. 1973. Temperature tolerance of the Mosquitofish, Gambia affinis (Baird and Girard). J. 

Fish Biol. 5: 575–585. 

 

Paschos, I., Nathanailides, C., Tsoumani, M., Perdikaris, C., Gouba, E., and Leonardos, I. 2004. 

Intra and inter-specific mating options for gynogenetic reproduction of Carassius gibelio 

(Bloch, 1783) in Lake Pamvotis (NW Greece). Belg. J. Zool. 134: 55–60. 

 

Peters, L.M., Pegg, M.A., and Reinhardt, U.G. 2006. Movements of adult radio-tagged Bighead 

Carp in the Illinois River. Trans. Am. Fish. Soc. 135: 1205–1212. 

 

Pientka, B., and Parrish, D.L. 2002. Habitat selection of predator and prey: Atlantic Salmon and 

Rainbow Smelt overlap, based on temperature and dissolved oxygen. Trans. Am. Fish. Soc. 

131: 1180–1193. 

 

Pinder, A.C., and Gozlan, R.E. 2003. Sunbleak and Topmouth Gudgeon: Two new additions to 

Britain’s freshwater fishes. Brit. Wildl. 15: 77–83. 

 

Pyke, G.H. 2005. A review of the biology of Gambusia affinis and G. holbrooki. Rev. Fish Biol. 

Fish. 15: 339–365. 

 

Qin, J., He, X., and Fast, A.W. 1997. A bioenergetics model for an air-breathing fish, Channa 

striatus. Environ. Biol. Fish. 50: 309–318. 

 

Qin, J.G., and Fast, A.W. 1998. Effects of temperature, size and density on culture performance of 

Snakehead, Channa striatus (Bloch), fed formulated feed. Aquacult. Res. 29: 299–303. 

 

Reutter, J.M., and Herdendorf, C.E. 1976. Thermal discharge from a nuclear power plant: Predicted 

effects on Lake Erie fish. Ohio J. Sci. 76: 39–45. 

 

Richards, F.P., and Ibara, R.M. 1978. The preferred temperatures of the Brown Bullhead, Ictalurus 

nebulosus, with reference to its orientation to the discharge canal of a nuclear power plant. 

Trans. Am. Fish. Soc. 107: 288–294. 

 

Richards, V.L., and Beitinger, T.L. 1995. Reciprocal influences of temperature and copper on 

survival of Fathead Minnows, Pimephales promelas. Bull. Environ. Contam. Toxicol. 55: 

230– 236. 

 

Richkus, W.A. 1974. Factors influencing the seasonal and daily patterns of Alewife (Alosa 

pseudoharengus) migration in a Rhode Island River. J. Fish. Res. Board Can. 31: 1485–

1497. 

 

Robitaille, J., Bérubé, M., Gosselin, A., Baril, M., Beauchamp, J., Boucher, J., Dionne, S., Legault, 



 

59  

Y., Mailhot, Y., Ouellet, B., Sirois, P., Tremblay, S., Trencia, G., Verreault, G., and 

Villeneuve, D. 2011. Recovery strategy for the Striped Bass (Morone saxatilis), St. 

Lawrence Estuary population, Canada. Fisheries and Oceans Canada, Ottawa, Ontario. 

Spec. Risk Act Rec. Strat. Ser. 51 p. 

 

Rodríguez-Muñcoz, R., Nicieza, A.G., and Braña, F. 2001. Effects of temperature on developmental 

performance, survival and growth of Sea Lamprey embryos. J. Fish Biol. 58: 475–486. 

 

Rutledge, C.J., and Beitinger, T.L. 1989. The effects of dissolved oxygen and aquatic surface 

respiration on the critical thermal maxima of three intermittent-stream fishes. Environ. Biol. 

Fish. 24: 137–143. 

 

Saat, T., and Veersalu, A. 1996. The rate of early development in Perch Perca fluviatilis L. and 

Ruffe Gymnocephalus cernuus (L.) at different temperatures. Ann. Zool. Fennici 33: 693–

698. 

 

Santoul, F. 2017. Personal Communication. Université Toulouse III, Toulouse, France. 

 

Sardella, B.A., Sanmarti, E., and Kültz, D. 2008. The acute temperature tolerance of Green Sturgeon 

(Acipenser medirostris) and the effect of environmental salinity. J. Exp. Zool. Part A, Ecol. 

Genet. Physiol. 309: 477–483. 

 

Şaşı, H. 2008. The length and weight relations of some reproduction characteristics of Prussian 

Carp, Carassius gibelio (Bloch, 1782) in the South Aegean Region (Aydın-Turkey). Turk. 

J. Fish. Aquat. Sci. 8: 87–92. 

 

Schofield, P.J., and Huge, D.H. 2011. Low-temperature tolerance of two non-native fishes 

(Hoplosternum littorale [Hancock 1828], Cichlasoma bimaculatum [Linnaeus 1758]) 

established in Florida. Florida Scient. 74: 73–83. 

 

Schofield, P.J., Williams, J.D., Nico, L.G., Fuller, P., and Thomas, M.R. 2005. Foreign 

nonindigenous carps and minnows (Cyprinidae) in the United States - A guide to their 

identification, distribution, and biology. U.S. Geological Survey Scientific Investigation 

Report. 2005-5041. 103 p. 

 

Schofield, P.J., Loftus, W.F., Kobza, R.M., Cook, M.I., and Slone, D.H. 2009. Tolerance of 

nonindigenous cichlid fishes (Cichlasoma urophthalmus, Hemichromis letourneuxi) to low 

temperature: Laboratory and field experiments in South Florida. Biol. Invas. 12: 2441–2457. 

 

Schoonbee, H.J., and Prinsloo, J.F. 1984. Techniques and hatchery procedures in induced spawning 

of the European Common Carp, Cyprinus carpio and the Chinese Carps Ctenopharyngodon 

idella, Hypophthalmichthys molitrix and Aristichthys nobilis in Transkei. Water SA. 10: 36–

39. 

 

Schrank, S. J., Braaten, P.J., and Guy, C.S. 2001. Spatiotemporal variation in density of larval 

Bighead Carp in the Lower Missouri River. Trans. Am. Fish. Soc. 130: 809–814. 

 

Scott, W.B., and Crossman, E.J. 1973. Freshwater fishes of Canada. Canada Department of 



 

60  

Environment, Fish. Res. Board Can. Ottawa, Ontario. Bulletin 184. 966 p. 

 

Shafland, P.L., and Pestrak, J.M. 1982. Lower lethal temperatures for fourteen non-native fishes in 

Florida. Environ. Biol. Fish. 7: 149–156. 

 

Shireman, J.V., and Smith, C.R. 1983. Synopsis of biological data on the Grass Carp, 

Ctenopharyngodon idella (Cuvier and Valenciennes, 1844). Food and Agriculture 

Organization (FAO) Synopsis 135. 86 p. 

 

Shuter, B.J., MacLean, J.A., Fry, F.E.J., and Regier, H.A. 1980. Stochastic simulation of 

temperature effects on first-year survival of Smallmouth Bass. Trans. Am. Fish. Soc. 109: 

1–34. 

 

Sifa, L., Chenhong, L., Dey, M., Gagalac, F., and Dunham, R. 2002. Cold Tolerance of three strains 

of Nile Tilapia, Oreochromis niloticus, in China. Aquaculture. 213: 123–129. 

 

Smagula, C.M., and Adelman, I.R. 1982. Temperature and scale size errors in the use of [14C] 

glycine uptake by scales as a growth index. Can. J. Fish. Aquat. Sci. 39: 1366–1372. 

 

Smale, M.A., and Rabeni, C.F. 1995. Hypoxia and hyperthermia tolerances of headwater stream 

fishes. Trans. Am. Fish. Soc. 124: 698–710. 

 

Smith, L.L., and Koenst, W.M. 1975. Temperature effects on eggs and fry of percoid fishes. U.S. 

Environmental Protection Agency, Monticello Field Station. EPA-660/3-75-017. 101 p. 

 

Smith, M.H., and Scott, S.L. 1975. Thermal tolerance and biochemical polymorphism of immature 

Largemouth Bass Micropterus salmoides (Lacepede). Bull. Georgia Acad. Sci. 33: 180–184. 

 

Snyder, R.J., and Hennessey, T.M. 2003. Cold tolerance and homeoviscous adaptation in freshwater 

alewives (Alosa pseudoharengus). Fish Physiol. Biochem. 29: 117–126. 

 

Soderberg, R.W. 2006. A linear growth model for Nile Tilapia in intensive aquaculture. N. Am. J. 

Aquaculture 68: 245–248. 

 

Souchon, Y., and Tissot, L. 2012. Synthesis of thermal tolerances of the common freshwater fish 

species in large Western Europe rivers. Knowl. Managt. Aquat. Ecosyst. 405: 03. 45 p. 

 

Spieler, R.E., Noeske, T.A., and Seegert, G.L. 1977. Diel variations in sensitivity of fishes to 

potentially lethal stimuli. Progr. Fish-Cult. 39: 144–147. 

 

Spotila, J.R., Terpin, K.M., Koons, R.R., and Bonati, R.L. 1979. Temperature requirements of fishes 

from Eastern Lake Erie and the Upper Niagara River: A review of the literature. Environ. 

Biol. Fish. 4: 281–307. 

 

Stanley, J.G. and Danie, D.S. 1983. Species profiles, life histories and environmental requirements 

of coastal fishes and invertebrates (North Atlantic) - White Perch. U.S. Fish and Wildlife 

Service, Washington, DC.FWS/OBS82-11.7. 20 p. 

 



 

61  

Strange, R.J., Petrie, R.B., and Cech Jr, J.J. 1993. Slight stress does not lower critical thermal 

maximums in hatchery-reared Rainbow Trout. Fol. Zool. 42: 251–256. 

 

Strecker, A.L., Campbell, P.M., and Olden, J.D. 2011. The aquarium trade as an invasion pathway 

in the Pacific Northwest. Fisheries. 36: 74–85. 

 

Summerfelt, S.T., and Summerfelt, R.C. 1996. Aquaculture of Walleye as a food fish. Walleye 

culture manual. NCRAC Culture Series. 101: 215–230. 

 

Suzuki, R. ,and Yamaguchi, M. 1977. Effect of temperature on maturation of a cyprinid Loach. 

Bull. Japan. Soc. Scient. Fish. 43: 367–373. 

 

Talmage, S.S., and Coutant, C.C. 1978. Thermal effects. J. Water Pollut. Control Fed. 1514–1553. 

 

Talmage, S.S., and Coutant, C.C. 1979. Thermal effects. J. Water Pollut. Control Fed. 1517-1554. 

 

Talmage, S.S., and Coutant, C.C. 1980. Thermal effects. J. Water Pollut. Control Fed. 1575–1616. 

 

Tarkan, A.N., Gaygusuz, Ö., Tarkan, A.S., Gürsoy, Ç., and Acipinar, H. 2007. Interannual 

variability of fecundity and egg size of an invasive cyprinid, Carassius gibelio: Effects of 

density-dependent and density-independent factors. J. Fresh. Ecol. 22: 11–17. 

 

Tarvainen, M., Anttalainen, A., Helminen, H., Keskinen, T., Sarvala, J., Vaahto, I., and Karjalainen, 

J. 2008. A validated bioenergetics model for Ruffe Gymnocephalus cernuus and its 

application to a northern lake. J. Fish Biol. 73: 536–556. 

 

Threader, R.W., and Houston, A.H. 1983. Heat tolerance and resistance in juvenile Rainbow Trout 

acclimated to diurnally cycling temperatures. Comp. Biochem. Physiol A. 75: 153–155. 

 

Tyus, H.M. 1974. Movements and spawning of anadromous alewives, Alosa pseudoharengus 

(Wilson) at Lake Mattamuskeet, North Carolina. Trans. Am. Fish. Soc. 103: 392–396. 

 

Urquhart, A.N. 2013. Life history and environmental tolerance of the invasive Oriental Weatherfish 

(Misgurnus anguillicaudatus) in Southwestern Idaho, USA. M.Sc. thesis, Boise State 

University, Boise, Idaho, USA. 120 p. 

 

Urquhart, A.N. ,and Koetsier, P. 2014. Low-temperature tolerance and critical thermal minimum of 

the invasive Oriental Weatherfish Misgurnus anguillicaudatus in Idaho, USA. Trans. Am. 

Fish. Soc. 143: 68–76. 

 

Wallace, R.A., and Selman, K. 1979. Physiological aspects of oogenesis in two species of 

sticklebacks, Gasterosteus aculeatus L. and Apeltes quadracus (Mitchill). J. Fish Biol. 14: 

551–564. 

 

Wang, N., Xu, X., and Kestemont, P. 2009. Effect of temperature and feeding frequency on growth 

performances, feed efficiency and body composition of Pikeperch juveniles (Sander 

lucioperca). Aquaculture 289: 70–73. 

 



 

62  

Wang, Y., Hu, M., Wang, W., Cheung, S. G., Shin, P.K.S. ,and Cao, L. 2010. Effects of the timing 

of initial feeding on growth and survival of Loach (Misgurnus anguillicaudatus) larvae. 

Aquacult. International. 18: 135–148. 

 

Watenpaugh, D.E., and Beitinger, T.L. 1985. Se exposure and temperature tolerance of Fathead 

Minnows, Pimephales promelas. J. Therm. Biol. 10: 83–86.  

 

Weatherley, A.H. 1970. Effects of superabundant oxygen on thermal tolerance of Goldfish. Biol. 

Bull. 139: 229–238. 

 

Wismer, D.A., and Christie, A.E. 1987. Temperature relationships of Great Lakes fishes: A data 

compilation. Great Lakes Fish. Comm. Spec. Publ. 87-3. 165 p. 

 

Working E.I.F.A.C. 1969. Water quality criteria for European freshwater fish - extreme pH values 

and inland fisheries. Water Res. 3: 593–611. 

 

Wrenn, W.B. 1980. Effects of elevated temperature on growth and survival of Smallmouth Bass. 

Trans. Am. Fish. Soc. 109: 617–625. 

 

Wrenn, W.B., and Forsythe, T.D. 1978. Effects of temperature on production and yield of juvenile 

walleyes in experimental ecosystems, selected cool water fishes of North America. Am. 

Fish. Soc. Spec. Publ. 11: 66–73. 

 

Xin, S. 2016. Comparison of physiological performance characteristics of two Great Lakes Invasive 

fish species: Round Goby (Neogobius melanostomus) and Tubenose Goby (Proterorhinus 

semilunaris). M.Sc. thesis, University of Windsor, Windsor, Ontario, Canada. 

 

Yaakov, W., and Ali, A.B. 1992. Simple method for backyard production of Snakehead (Channa 

striata Bloch) fry. Naga, the ICLARM Quarterly. 15: 22–23. 

 

Yanar, M., Erdoğan, E., and Kumlu, M. 2019. Thermal tolerance of thirteen popular ornamental 

fish species. Aquaculture 501: 382–386. 

 

Yoder, C.O. ,and Gammon, J.R. 1976. Seasonal distribution and abundance of Ohio River fishes at 

the JM Stuart Electric Generating Station. In: Proceedings of Thermal Ecology II, Edited by 

G.W. Esch and R.W. McFarland. Springfield, National Technical Information Service, 

Virginia, CONF-750425, pp. 284–295. 


