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SUMMARY 

Climate change is having both direct and indirect impacts on the distribution and relative 

abundance of freshwater fishes. It may be possible to detect climate-induced changes in game 

fish populations by analyzing data from smartphone applications that anglers can use to log their 

catches. We applied generalized linear mixed-effects models to data from a popular fishing app 

to identify spatiotemporal trends in game fish catches throughout the contiguous United States 

from 2015 to 2020. Results were largely consistent with observed and expected responses to 

climate change. For example, warm-water species became more common than cool-water 

species in catches, especially in the Great Lakes region, the Northeast, and parts of the West 

Coast. Single-species analyses detected increases in Largemouth Bass (Micropterus salmoides), 

declines in Channel Catfish (Ictalurus punctatus), Northern Pike (Esox lucius), and Rainbow 

Trout (Oncorhynchus mykiss), sporadic results for Smallmouth Bass (Micropterus dolomieu), 

and no change in Bluegill (Lepomis macrochirus). These patterns may be the result of alternative 

phenomena that operate or combine at similarly large spatial scales (e.g., cultural eutrophication 

or changes in the relative popularity of game fishes); however, climate change cannot be ruled 

out until more data are available. Future work should focus on refining the use of app data to 

monitor game fish responses to climate change and other anthropogenic stressors at multiple 

spatial scales - especially as the length of the time series increases. 
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INTRODUCTION 

Climate change is a global environmental phenomenon that can directly and indirectly 

impact fish populations through changes in temperature, precipitation, and the frequency and 

intensity of extreme weather events (Comte et al. 2013). Data from the last ~40 years suggest 

that lakes in the contiguous United States have warmed an average of 0.32oC per decade in 

summer (June-September) (Bachmann et al. 2020) and are almost twice as likely to experience 

drought (Osman et al. 2021). Freshwater fishes are particularly vulnerable to climate change 

(Nyboer et al. 2021). Climate change can affect freshwater fishes directly through physiological 

pathways that manifest as altered spawning and migration times (Juanes et al. 2004) and altered 

rates of growth (Denechaud et al. 2020), survival (Brander 2010), and reproduction (Pankhurst et 

al. 2011). Climate change can also affect freshwater fishes indirectly through myriad ecosystem 

changes and biotic interactions. Examples include lake stratification from rising water 

temperatures (Kraemer et al. 2015), changes in the availability and seasonality of water (Goode 

et al. 2013; Myers et al. 2017), increased eutrophication (Myers et al. 2017) and wildlife 

frequency/severity (Isaak et al. 2010), declines in dissolved oxygen levels (Myers et al. 2017), 

increased rates of harmful algal blooms (Griffith et al. 2020) and changes in food, competition, 

and predation - including from invasive species (Coxen et al. 2017).  

Direct (Whitney et al. 2016; Paukert et al. 2021) and indirect (Staudinger et al. 2021) 

effects of climate change alter the abundance and distribution of freshwater fishes. Climate 

change has been implicated in declines in aquatic biodiversity (Reid et al. 2019), declines in the 

abundance of cold-stenotherms (Clews et al. 2010; Almodovar et al. 2012; Jeppesen et al. 2014), 

drought-induced extirpation (Trape 2009) and reduced growth and survival rates in many 

freshwater fishes (Rypel 2012; Arnold et al. 2013; Bassar et al. 2016). Many salmonid 
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populations are migrating earlier and faster (Juanes et al. 2004; Kovach et al. 2013), which can 

affect species interactions (Kovach et al. 2013) and reduce fitness (Warren et al. 2012). Many 

cold-water species are shifting northward (Babaluk et al. 2000; Alofs et al. 2014; Eby et al. 

2014) and many warm-water species have increasing population sizes (Poulet et al. 2011; 

Jeppesen et al. 2014).  

Given that climate change is causing detectable changes in fish abundance, it may be 

possible to use data from sportfishing smartphone applications (apps) to monitor for these 

climate change effects over broad spatial scales. Broad-scale monitoring via conventional 

approaches is challenging because it requires meta-analyses of disparate case studies, or the 

synthesis of patchy, unstandardized survey data from dozens of agencies. Apps are an alternative 

source of broad-scale data that allow anglers to easily record precise spatial and temporal 

information about the species that they observe within their catch logs (Venturelli et al. 2017). 

Broad scale, user-generated observational data from both traditional surveys (Clement et al. 

2016) and the eBird app (Coxen et al. 2017) have been used to document and predict climate 

change effects on bird abundances and distributions (see also Altwegg et al. 2019). Such data 

have also been used to detect changes in fish distributions (e.g., Al Mabruk et al. 2021, Martelo 

et al. 2021), but not in the context of climate change. The hypothesis that angler catch data can 

be used to detect climate change effects is bolstered by evidence that i) anglers perceive changes 

in catch composition and species distributions (Ryan et al. 2021), and ii) angler apps can 

generate reasonable estimates of important metrics such as effort, size distribution, catch rate, 

and release rates (Papenfuss et al. 2015, Gundelund et al. 2021, Johnston et al. 2021). 

Our study used six years of data from the popular sportfishing app Fishbrain, which 

currently has over 13 million users worldwide, to test for climate change effects on the relative 
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abundance of freshwater game fishes across the contiguous United States. Our study included an 

aggregate analysis that tested for climate change impacts among three, broad thermal classes 

(warmwater, coolwater, and coldwater), and single-species analyses that also incorporated 

temperature and elevation data. Our goal was to evaluate the utility of a relatively inexpensive 

and novel source of broad-scale data for inferring potential climate change effects on game fish 

abundance and distribution. User-generated data have not been featured in climate change 

studies to date but may serve as an early warning system for fisheries management and policy. 

METHODS 

Data Collection and Preparation 

We obtained catch data (species, location, and year) from the contiguous United States 

that anglers logged via the Fishbrain app between 2015 and 2020. We focused on data from the 

warmer half of the year, (May-October; Arguez et al. 2019) because sample sizes in the colder 

half of the year were too low for our analyses (only 25% of all catch data) dominated (55%) by 

only two species (Largemouth Bass, Micropterus salmoides; and Rainbow Trout, Oncorhynchus 

mykiss), and confounded by spatiotemporal variation in ice cover. We filtered for freshwater 

species by removing catches of marine species and species that were not known to occur in the 

contiguous US. We obtained both lists from Fishbase (Froese and Pauly 2020). We assigned 96 

of the species and hybrids in our dataset to one of three categories following Zaroban’s (1999) 

application of Hokanson’s (1977) thermal tolerance criteria: 38 coldwater species (temperate 

stenotherms with physiological optimal temperatures of <20 °C), 26 coolwater species 

(temperate mesotherms with optimal temperatures between 20 and 28 °C), and 35 warmwater 

species (temperate eurytherms with optima >28 °C). We did not classify the remaining 199 

species and hybrids because they were uncommon in our dataset (<1% of all catches for any 
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given species, and 26% of all catches combined). See Appendix A for a list of all species and 

their classifications.  

We used geospatial coordinates to assign each catch to one of 2,270 hydrologic subbasins 

(USGS, 2020). Each catch record included up to two user-defined coordinates: an exact location 

that defaulted to the location of the user’s mobile device at the time of logging, and an 

approximate location that defaulted to the middle of the waterbody that was closest to the exact 

location. The user could override both defaults. We assigned a catch to a subbasin via its location 

coordinates if it was available (94% of catches), or the exact catch coordinates if it was not. 

However, we ignored a catch if national occurrence data from the Biodiversity Information 

Serving Our Nation (BISON) database (USGS, 2021a) suggested that the species in question was 

not known to be present in the subbasin. Finally, we obtained mean temperature and elevation 

data for each subbasin. We used the average number of accumulated growing degree days 

(AGDD) during the 1981-2010 climate normal for mean temperatures (USA-NPN, 2017) and 

elevation raster files from the USGS National Map database (USGS, 2021b) to find the 

respective averages. 

Data Analyses 

 We tested for spatiotemporal trends in catch by both thermal class and individual species. 

We used a generalized linear mixed-effects model (GLMER) with a binomial distribution and 

weight on catch count to identify temporal trends in relative catch of each thermal class in each 

subbasin for which mean total annual catch was ≥500 fishes (all thermal classes and species 

combined – including unclassified species). We based this threshold on exploratory simulations 

that assessed the ability of GLMER to return the true slope (defined as the slope at full sample 

size) at increasingly smaller sample sizes, and an evaluation of the trade-off between the sample 
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size and the number of subbasins that were included in the final analysis. The equation for each 

model was thermal class ~ (year | subbasin). We extracted the slope of the predicted relationship 

between catch proportion and time for each thermal class and subbasin. A positive slope would 

indicate an increase in abundance over time and a negative slope would indicate a decrease. We 

then mapped the locations of the highest and lowest 10% of slopes across all thermal classes 

combined and conducted a Chi-square test of the null hypothesis that slopes were evenly 

distributed among thermal classes.  

We performed single-species analyses on six popular fish species according to catch 

count: Largemouth Bass (Micropterus salmoides; warmwater, 48% of all freshwater catches), 

Channel Catfish (Ictalurus punctatus; warmwater, 5% of all freshwater catches), Bluegill 

(Lepomis macrochirus; warmwater, 5% of all freshwater catches), Smallmouth Bass 

(Micropterus dolomieu; coolwater, 7% of all freshwater catches), Northern Pike (Esox lucius; 

coolwater, 2% of all freshwater catches), and Rainbow Trout (Oncorhynchus mykiss; coldwater, 

3% of all freshwater catches). We identified temporal trends in the relative catch of each species 

in each subbasin that had a mean total annual catch of ≥30 individuals of that species. This 

minimum sample size was based on convention and extended our analyses beyond subbasins in 

which a given species was most common. We used a version of the thermal class GLMER that 

include mean temperature and elevation as random effects to evaluate the proportional change of 

each species relative to the total catch (unclassified species included). We performed all analyses 

with R Ver. 4.1.1 (R Core Team, 2018), the “lme4” package (Bates et al., 2015) and mapped 

with ArcGIS Pro Ver. 2.4.0 (ESRI, 2011). 

RESULTS 
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Warm- and coldwater classes were over- and underrepresented, respectively, among the 

highest 10% of slope values (n = 104 subbasins). Most of these slopes were from subbasins in 

the Great Lakes, the Northeast, and parts of the West Coast (Figure 1). Coolwater classes were 

overrepresented among the lowest 10% of slopes (n = 105 subbasins) and were from many of the 

same subbasins as the highest 10% of slopes (Figure 2).  

Species-specific analyses revealed considerable variation in slopes among classes, as well as 

both within and among species. Two of the three warmwater species that we analyzed exhibited 

positive medians and slope distributions that were symmetrical (Largemouth Bass) or positively 

skewed (Bluegill) (Figure 3). The remaining warmwater species, Channel Catfish, exhibited 

mostly negative slopes. The two coolwater species exhibited opposite trends - whereas 

Smallmouth Bass slopes were symmetrical and centered near zero, Northern Pike slopes 

exhibited a negative median and skew. Slopes for Rainbow Trout, the only cold-water species for 

which there were sufficient data, were variable, but tended negative. 

 Slopes varied spatially by species but were not associated with mean temperature or 

elevation (Appendix A). Among warmwater species, Largemouth Bass tended to increase within 

the eastern edge of the Great Plains, parts of the west coast, mountain west, and southwest, and 

areas south of the Great Lakes region. The largest decreases occurred within the mid-Atlantic 

and northeast regions (Figure 4a). Conversely, Channel Catfish declines were mostly in the 

southwest, Midwest, and south of the Great Lakes region (Figure 4b), and Bluegill increases 

were relatively subtle (i.e., most slopes near zero) (Figure 4c). Smallmouth Bass (coolwater) 

declines were concentrated along the Appalachian Mountain range, whereas gains tended to 

occur in the northwest and northeast (Figure 4d). Northern Pike (coolwater) declines were 

concentrated along the southern edge of the Great Lakes region, which corresponds to the 
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southern edge of their native range (Figure 4e); however, slope values were even more subtle 

than for Bluegill. Rainbow Trout tended to decrease, primarily in the western United States, but 

increased in the Driftless Area of southeast Minnesota (Figure 4f). Slopes were largely 

independent of mean subbasin temperature or elevation for any species (Appendix A). 

DISCUSSION 

Our thermal class and single species analyses identified patterns that are consistent with 

climate change effects but may be explained by other factors. We begin our discussion by 

interpreting results from a climate change perspective, and then explore alternative explanations. 

We conclude by suggesting ways to refine the use of fishing app data as a tool for monitoring the 

responses of game fish to climate change and other stressors – especially with longer time series.  

The literature suggests that climate change is benefitting centrarchids and other 

warmwater species, but negatively affecting cool- and cold-water species (Comte et al. 2013; 

Hansen et al. 2017; Staudinger et al. 2021). Consistent with these trends, we found that 

warmwater species were replacing coolwater species in the recreational catch over a 6-year 

period. Warmer water means more habitat and resources for centrarchids and other species, 

which leads to increased abundance and catch potential (Poulet et al. 2011, Jeppesen et al. 2014, 

Mulhollem et al. 2016). Declines in coolwater but not coldwater species was unexpected given 

that coldwater species are more vulnerable to climate change effects, including greater 

physiological stress from warming waters (Williams et al. 2015), declines in available habitat 

(Eby et al. 2014), and reduced growth and survival rates (Rypel 2012; Arnold et al. 2013; Bassar 

et al. 2016). For example, Cisco (Coregonus artedi) declines have coincided with large-scale 

climate change effects spanning >30 years (Jacobson et al. 2012). We suspect that this 

discrepancy stems from the fact that coldwater species were relatively uncommon in our dataset. 
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For example, only 74 Cisco were logged by 64 users, and the three most common coldwater 

species (Rainbow Trout, Brown Trout; Salmo trutta, and Chinook salmon; Oncorhynchus 

tshawytscha) made up just 3.5% of the total catch. These relatively low sample sizes likely made 

it difficult to detect potential changes in the proportion of this thermal class in the overall catch. 

Single-species analyses were somewhat consistent with the hypothesis that warmwater 

species would benefit from climate change. Two of the three warmwater species that we 

analyzed, largemouth bass and bluegill, tended to increase in the catch over time. Both species 

have been predicted to increase in abundance (Poulet et al. 2011, Jeppesen et al. 2014, 

Mulhollem et al. 2016), and are replacing cool- and cold-water species in some systems (Lynch 

et al. 2016; Hansen et al. 2017). Channel catfish declines were unexpected given their high heat 

tolerance (Bennett et al. 1998, Stewart et al. 2019) and predicted increases in abundance (Comte 

et al. 2013). These declines might have instead stemmed from indirect, negative effects of 

climate change on food availability (Arnold et al. 2013) and flow regime (Hogberg et al. 2016). 

Results were mixed for the two coolwater species in our analysis. Smallmouth bass 

slopes were evenly distributed around zero, which is consistent with the climate change literature 

On the one hand, climate change has been both predicted (Sharma et al. 2009, Pease and Paukert 

2014, Van Zuiden et al. 2016) and observed (Alofs et al. 2014; Rypel et al. 2016) to increase 

smallmouth bass abundance, especially along the northern edge of their range. However, 

negative responses may result from food web changes and increased competition from thriving 

species such as largemouth bass (Pease and Paukert 2014). The weak but negative trend for 

northern pike along the southern edge of their native range could be due to a climate-induced 

reduction in habitat (Margenau et al. 2008) and forage fish (Winfield et al. 2008).  
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Observed declines of Rainbow Trout in the catch are consistent with hypothesized 

negative effects of climate change on the abundance of this and other salmonid species (Carlson 

et al. 2017, Crozier et al. 2021, Thorstad et al. 2021; but see Bell et al. 2021). The primary (and 

often interacting) pathways of climate change effects include thermal stress from both surface 

and ground waters (Sloat and Osterback 2013, Carlson et al. 2020), altered flow regimes 

(Mantua et al. 2010), and competition from both native and nonnative fishes that are more suited 

for warming temperatures (Wenger et al. 2011). Climate warming has been implicated in the 

extirpation of Rainbow Trout from the southern extent of its native, freshwater range (Boughton 

et al. 2005). 

Although our results were consistent with predicted and observed impacts of climate 

change, the observational nature of our study prevented us from demonstrating causal 

relationships. We acknowledge that our results may be explained by other phenomena that 

operated or combined at similarly large spatial scales. For example, catch data may reflect broad 

scale environmental changes that are unrelated to climate change – reservoir aging in the case of 

the declining Channel Catfish catch (Pennock & Gido 2021). Other examples include land use 

(Martinuzzi et al. 2014), barriers to movement (Ding et al. 2019), and aspects of water quality 

such as pollutants (Vaughan & Russell 2015). Our results could also reflect changes in the 

relative popularity of game fish or fishing locations, which can happen organically, or in 

response to widespread management trends (Brownscombe et al. 2014). For example, whereas 

the increase of Rainbow Trout in the Driftless Area of Minnesota resulted from an increase in 

local stocking (Mundahl et al. 2015), the decrease in Rainbow Trout in the western US could 

stem from a reduction in the popularity of this sportfish (e.g., in response to changing attitudes 

toward and social norms around introduced salmonids). Similarly, catch trends may reflect 



11 
 

changes in the demographics of Fishbrain app users themselves; for example, the app may have 

increased in popularity among Largemouth Bass anglers, but decreased in popularity among 

Channel Catfish and Rainbow Trout anglers. Although there is evidence that angler effort and 

behavior changed because of the COVID-19 pandemic (Howarth et al. 2021; Midway et al. 

2021), we found no evidence that this had a strong influence on catch proportions in 2020. 

Finally, regarding species, there was a distinct mix of species within each thermal class, where 

some fish are more likely to prosper at one extreme end of the country, but fare poorly at another 

end. While there are many hurdles to overcome, a climate change signal can still be obtained 

despite these caveats with additional time and resources. 

Our study demonstrates the potential for user-generated data to inform climate change 

research, monitoring, and adaptation, and lays the groundwork for future work. It remains to be 

seen if the changes in relative catch that we observed over 6 years are indicative of a longer-term 

climate signal. However, climate change remains a viable hypothesis given the consistency 

between predicted climate change impacts and observed changes in catch – despite i) spatial 

variation in both climate change impacts and alternative or interacting factors, ii) the tendency 

for fish catch to scale non-linearly with fish abundance (hyperstability; Erisman et al. 2011), and 

iii) reporting errors and bias in user-generated data (Venturelli et al. 2017, Brick et al. 2021). 

Future work should refine and build on the use of relative catch data from apps as a potential 

early warning system of ecological or anthropogenic change. For example, incorporating more 

lake attributes into our models and/or conduction analyses at final spatial scales (e.g., among 

lakes rather than subbasins) will allow us to better assess the key factors that are contributing to 

observed changes in catch composition. It should also be possible to expand our approach to 

marine species, which experience fewer physical barriers to movement than freshwater species 



12 
 

and have exhibited migratory (Langan et al. 2021) and community (Friedland et al. 2020) 

changes in response to climate change. Further insight might also be gained by monitoring the 

size of fish that anglers report given that any species are expected to exhibit faster or slower 

growth rates with rising temperatures (Rypel 2012, Pease and Paukert 2014, Mulhollem et al. 

2016 Van Zuiden et al. 2016, White et al. 2020).  
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Figure 1. The spatial distribution of the highest 10% of GLMER slope values for each subbasin in the contiguous 
United States that contained an average of ≥500 Fishbrain catches from May-October in the years 2015-2020 for 
cold-, cool-, and warmwater fish species. The bar graph of the observed (bars) vs expected (horizontal line) 
frequencies of thermal classes (p<0.0001 according to Χ2) doubles as the figure legend. 

 

 

 

0
20
40
60
80

# 
of

 S
ub

ba
sin

s



20 
 

 

Figure 2. The spatial distribution of the lowest 10% of GLMER slope values for each subbasin in the contiguous 
United States that contained an average of ≥500 Fishbrain catches from May-October in the years 2015-2020 for 
cold-, cool-, and warmwater fish species. The bar graph of the observed (bars) vs expected (horizontal line) 
frequencies of thermal classes (p<0.0001 according to Χ2) doubles as the figure legend. 
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Figure 3: The distribution of GLMER slope values among the 2192 subbasins in the contiguous United States with 
an average of ≥30 Fishbrain species-specific catches from May-October in the years 2015-2020 for six species: 
Largemouth Bass (LMB), Channel Catfish (CC), Bluegill (BG), Smallmouth Bass (SMB), Northern Pike (NP), and 
rainbow trout (RT). Colors correspond to the thermal class of each species. 
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Figure 4. The spatial distribution of the GLMER slope values for each basin that contained ≥30 species-specific 
Fishbrain catches from May-October for the years 2015-2020 for Largemouth Bass, Channel Catfish, Bluegill, 
Smallmouth Bass, Northern Pike, and Rainbow Trout. Blue shading identifies the subbasins in which a species was 
known to occur. 
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Figure 5. LOESS regressions showing the relationship between slope and temperature (annual degree-days >0oC; 

red line) or elevation (m; blue line) for the six species for which we conducted single-species analyses. 
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Table 1. The thermal classifications and catch counts in frequency for the 314 species that occurred in Fishbrain 

catch logs from May-October in the years 2015-2020 in the contiguous United States. 

Species Thermal Class Frequency 

Micropterus salmoides Warm 1873919 

Micropterus dolomieu Cool 267788 

Lepomis macrochirus Warm 209764 

Ictalurus punctatus Warm 203500 

Oncorhynchus mykiss Cold 128353 

Morone saxatilis Cool 86701 

Esox lucius Cool 83035 

Pomoxis nigromaculatus Warm 80353 

Sander vitreus Cool 66994 

Cyprinus carpio Warm 65816 

Micropterus punctulatus Warm 59971 

Ictalurus furcatus Warm 58886 

Perca flavescens Cool 49903 

Ambloplites rupestris Warm 48141 

Salmo trutta trutta Cold 42429 

Lepomis gibbosus Cool 41731 

Esox niger Warm 41563 

Pomoxis annularis Warm 39255 

Pylodictis olivaris Warm 37889 

Ameiurus melas Warm 30036 

Morone chrysops Cool 29173 

Aplodinotus grunniens Warm 27201 
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Lepomis cyanellus Warm 24162 

Ameiurus natalis Warm 20763 

Centropomus undecimalis Cool 20065 

Salvelinus fontinalis Cold 19886 

Oncorhynchus tshawytscha Cold 19136 

Cichla ocellaris None 14428 

Amia calva Cold 13886 

Esox masquinongy Cool 11856 

Morone americana Cold 11821 

Lepomis microlophus Warm 9739 

Salvelinus namaycush Cold 9206 

Atractosteus spatula Cool 8966 

Ctenopharyngodon idella Warm 8207 

Catostomus commersonii Cool 7615 

Morone chrysops X Morone 

saxatilis 

Cool 7152 

Oncorhynchus clarkii None 6883 

Lepomis auritus Warm 6776 

Lepisosteus osseus Warm 6345 

Semotilus atromaculatus None 6048 

Channa argus None 5227 

Cichlasoma urophthalmus None 4671 

Lepomis gulosus Warm 4465 

Oncorhynchus kisutch Cold 4236 

Elops saurus Warm 4226 

Salmo trutta fario Cold 3585 

Semotilus corporalis Cool 3317 
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Oreochromis niloticus None 3315 

Ptychocheilus oregonensis None 3154 

Walleye Sauger Hybrid Cool 3079 

Ameiurus nebulosus Warm 3061 

Lagodon rhomboides Cool 3058 

Lepomis megalotis None 3053 

Megalops atlanticus Warm 3027 

Anguilla rostrata Cold 2647 

Salmo trutta X Salvelinus fontinalis Cold 2429 

Lepisosteus oculatus Cool 2315 

Oncorhynchus nerka kennerlyi Cold 2216 

Acipenser transmontanus Cold 2108 

Cyprinus carpio specularis Warm 2074 

Carcharhinus leucas None 1892 

Alosa sapidissima Cool 1750 

Channa marulius None 1696 

Salmo trutta lacustris Cold 1641 

Ictiobus bubalus None 1632 

Oreochromis aureus None 1541 

Notemigonus crysoleucas Warm 1528 

Sander canadensis None 1520 

Herichthys cyanoguttatus None 1484 

Oncorhynchus gorbuscha Cold 1381 

Neogobius melanostomus None 1322 

Oncorhynchus aguabonita Cold 1312 

Acipenser fulvescens Warm 1196 

Squalius cephalus None 1133 
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Esox masquinongy X Esox lucius Cool 1118 

Ameiurus catus Warm 1107 

Salmo salar sebago Cold 1060 

Dorosoma cepedianum None 1026 

Carassius auratus Warm 1013 

Micropterus treculii None 1004 

Tilapia mariae None 951 

Morone mississippiensis None 912 

Perca fluviatilis None 904 

Moxostoma carinatum None 902 

Polyodon spathula None 892 

Lepisosteus platostomus None 773 

Salmo salar Cold 761 

Abramis brama None 754 

Lepisosteus platyrhincus None 736 

Micropterus coosae None 632 

Prosopium williamsoni Cold 614 

Ictiobus cyprinellus None 536 

Lepomis punctatus None 502 

Astronotus ocellatus None 497 

Mugil cephalus None 492 

Hiodon alosoides None 489 

Moxostoma macrolepidotum None 480 

Hypostomus plecostomus None 475 

Oncorhynchus clarki lewisi Cold 473 

Luxilus cornutus None 467 

Oreochromis macrochir None 460 
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Ictiobus niger None 456 

Scaphirhynchus platorynchus None 449 

Micropterus cataractae None 438 

Hypophthalmichthys molitrix None 415 

Oncorhynchus clarki utah None 411 

Thymallus thymallus None 390 

Hypophthalmichthys nobilis None 385 

Oncorhynchus clarki clarki None 378 

Garra mullya None 353 

Salvelinus confluentus Cold 344 

Bairdiella chrysoura None 329 

Macquaria novemaculeata None 326 

Parachromis managuensis None 325 

Centropomus parallelus None 320 

Oncorhynchus clarkii henshawi Cold 312 

Strongylura marina None 310 

Alosa chrysochloris None 308 

Cichla temensis None 301 

Oncorhynchus clarki bouvieri None 287 

Carpiodes carpio None 280 

Nocomis micropogon None 268 

Coregonus clupeaformis Cold 264 

Salmo trutta Cold 257 

Xenentodon cancila None 233 

Oncorhynchus nerka Cold 231 

Luxilus chrysocephalus None 224 

Hypentelium nigricans None 221 
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Scardinius erythrophthalmus None 221 

Cymatogaster aggregata Cool 218 

Esox americanus americanus Cool 215 

Pomatoschistus microps None 215 

Cyprinus carassiusXcarpio Warm 207 

Anguilla anguilla None 203 

Cottus bairdii None 198 

Thymallus arcticus Cold 189 

Sander lucioperca Cool 185 

Oncorhynchus keta Cold 182 

Clarias batrachus None 176 

Ptychocheilus lucius None 171 

Centrarchus macropterus None 167 

Eugerres plumieri None 166 

Moxostoma anisurum None 164 

Carassius carassius None 159 

Amphilophus citrinellus None 158 

Salvelinus namaycush X Salvelinus 

fontinalis 

Cold 156 

Anguilla australis australis None 152 

Ambloplites constellatus None 148 

Tinca tinca Warm 148 

Esox americanus vermiculatus Cool 140 

Moxostoma erythrurum None 140 

Percina caprodes None 140 

Oncorhynchus clarki pleuriticus None 138 

Lepomis humilis None 128 
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Gambusia affinis None 119 

Catostomus occidentalis Cool 118 

Lota lota Cold 117 

Tilapia sparrmanii None 110 

Gobius niger None 107 

Lepomis marginatus None 103 

Oncorhynchus mykiss newberrii None 99 

Hemichromis bimaculatus None 97 

Salvelinus alpinus alpinus Cold 96 

Ameiurus platycephalus None 85 

Micropterus henshalli None 84 

Rhinichthys atratulus None 82 

Chasmistes liorus None 79 

Moxostoma robustum None 79 

Scaphirhynchus albus None 76 

Catostomus catostomus catostomus Cold 74 

Catostomus catostomus catostomus Cool 74 

Coregonus artedi None 74 

Fundulus heteroclitus None 73 

Oncorhynchus mykiss gairdneri None 73 

Notropis atherinoides None 72 

Dorosoma petenense None 69 

Sarotherodon melanotheron None 68 

Silurus asotus None 68 

Lepomis miniatus None 67 

Nocomis leptocephalus None 63 

Oncorhynchus gilae None 58 
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Minytrema melanops None 55 

Centropomus ensiferus None 54 

Notropis heterolepis None 54 

Moxostoma valenciennesi None 52 

Notropis hudsonius None 52 

Catostomus macrocheilus None 50 

Oncorhynchus apache Cold 50 

Petromyzon marinus None 50 

Oncorhynchus clarki virginalis None 48 

Acantharchus pomotis None 47 

Mylopharyngodon piceus None 46 

Micropterus notius None 44 

Oreochromis mossambicus None 44 

Pimephales notatus None 44 

Centropomus pectinatus None 43 

Lepomis peltastes None 43 

Richardsonius balteatus None 43 

Luxilus coccogenis None 42 

Enneacanthus gloriosus None 41 

Noturus flavus None 41 

Carpiodes cyprinus None 39 

Etheostoma nigrum None 38 

Enneacanthus obesus None 37 

Acipenser brevirostrum None 36 

Cichlasoma bimaculatum None 35 

Oreochromis andersonii None 35 

Ambloplites cavifrons None 33 
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Pogonichthys macrolepidotus None 31 

Osmerus dentex None 30 

Moxostoma breviceps None 29 

Acipenser medirostris Cold 27 

Fundulus seminolis None 27 

Hysterocarpus traskii None 26 

Mylocheilus caurinus None 26 

Prosopium cylindraceum None 26 

Cyprinus carpio coriaceus Warm 25 

Oncorhynchus clarki seleniris None 25 

Pterygoplichthys multiradiatus None 25 

Cyprinella spiloptera None 24 

Eleotris picta None 24 

Heros severus None 24 

Rocio octofasciata None 23 

Rhinichthys osculus None 22 

Alosa pseudoharengus None 21 

Nocomis platyrhynchus None 21 

Gila elegans None 19 

Gila robusta None 19 

Labidesthes sicculus None 19 

Oncorhynchus aguabonita whitei Cold 19 

Pristis microdon None 19 

Campostoma anomalum None 18 

Phenacobius uranops None 18 

Poecilia reticulata Warm 18 

Pterygoplichthys disjunctivus None 18 
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Acipenser oxyrinchus None 17 

Osmerus mordax mordax None 17 

Fundulus catenatus None 16 

Salvelinus malma Cold 16 

Fundulus lineolatus None 15 

Cyprinella callistia None 14 

Hoplosternum littorale None 13 

Pteronotropis stonei None 13 

Trichromis salvini None 13 

Catostomus latipinnis None 12 

Luxilus albeolus None 12 

Nocomis raneyi None 12 

Notropis stramineus None 12 

Notropis topeka None 12 

Clinostomus funduloides None 11 

Gila cypha None 11 

Luxilus cerasinus None 11 

Etheostoma okaloosae None 10 

Siphateles bicolor None 10 

Ameiurus brunneus None 9 

Chasmistes cujus None 9 

Cyprinella analostana None 9 

Poecilia mexicana Warm 9 

Gasterosteus aculeatus Cool 8 

Microgadus tomcod None 8 

Notropis boops None 8 

Alosa aestivalis None 7 
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Ambloplites ariommus None 7 

Culaea inconstans None 7 

Hiodon tergisus None 7 

Moxostoma poecilurum None 7 

Amatitlania nigrofasciata None 6 

Ameiurus serracanthus None 6 

Belonesox belizanus None 6 

Chrosomus erythrogaster None 6 

Cyprinodon variegatus None 6 

Lythrurus fasciolaris None 6 

Notropis heterodon None 6 

Platichthys flesus None 6 

Rhinichthys cataractae None 6 

Xyrauchen texanus None 6 

Cycleptus elongatus None 5 

Gila purpurea None 5 

Micropterus tallapoosae None 5 

Monopterus albus None 5 

Notropis procne None 5 

Prosopium coulterii Cold 5 

Acrocheilus alutaceus None 4 

Cyprinella galactura None 4 

Cyprinella nivea None 4 

Eucinostomus argenteus None 4 

Hybognathus hankinsoni None 4 

Notropis rubricroceus None 4 

Notropis scepticus None 4 
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Noturus insignis None 4 

Erimystax dissimilis None 3 

Hoplias malabaricus None 3 

Micropterus floridanus None 3 

Moxostoma collapsum None 3 

Notropis ammophilus None 3 

Notropis petersoni None 3 

Notropis photogenis None 3 

Notropis rubellus None 3 

Noturus gyrinus None 3 

Pungitius pungitius None 3 

Cyprinella chloristia None 2 

Enneacanthus chaetodon None 2 

Leuciscus idus None 2 

Moxostoma congestum None 2 

Notropis lutipinnis None 2 

Xiphophorus maculatus None 2 

Chrosomus neogaeus None 1 

Etheostoma caeruleum None 1 

Gymnocephalus cernua None 1 

Moxostoma duquesnii None 1 

Mugil liza None 1 

Semotilus lumbee None 1 

Tridentiger trigonocephalus None 1 

 

 


