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ABSTRACT 
 
The Determination of Temperature Preference on the Adult Round Goby (Neogobius 
melanostomus) 
 

The Round Goby Neogobius melanostomus is an invasive, benthic fish species with 

origins tracing back to the seas of Eurasia. The Round Goby is thought to have invaded North 

American waters through the ballast tanks of ocean freighters in the early 1990s. Currently, the 

Round Goby inhabits all the Great Lakes and many of their associated tributaries, heavily 

predating and outcompeting native aquatic species. To effectively manage and prevent the 

continued spread of the Round Goby in North America, it is important to recognize their thermal 

tolerance range and preferred habitat temperature. To better understand how changes in water 

temperature influence the biological mechanisms and geographic range of the Round Goby, we 

used Round Gobies collected from Lake LeBoeuf by the Pennsylvania Fish and Boat 

Commission in August 2024 and performed multiple temperature preference trials in the fish 

laboratory at the Rock Springs Research Farm from September 2024 through December 2024.  

Results of this study show that the Round Goby is capable of living in a wide range of 

water temperatures. Further analysis shows that the Goby’s maximum thermal tolerance is above 

25°C, but Gobies will venture into water warmer than this even though it leads to loss of 

equilibrium. Comparing the results of this study to the results of a past temperature studies 

performed by Stauffer et al. (1976) and Bucha (2024) supports the idea that the Round Goby 

does not have a specified preferred temperature. Further research is needed to determine how 

other environmental conditions such as salinity may affect Goby tolerance. This study provides 

critical insight into how the invasive Round Goby can prosper in foreign waters, and how 

changing climatic conditions may aid in the species’ continued geographic spread.  
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Chapter 1: Introduction 
 

The Round Goby 

 The Round Goby, Neogobius melanostomus (Figure 1) is a small, benthic fish whose 

origins trace back to the Caspian Sea region of Eurasia. Although the Round Goby is considered 

highly invasive in North American waters, it is not seen as an invasive or destructive species in 

its native range in the Caspian Sea. The Round Goby was first discovered by recreational 

fishermen in North America in the St. Clair River, Ontario in 1990 (Clark et al., 2022).  

 

Figure 1. Photo of the Round Goby (Neogobius melanostomus). Reproduced with permission 
from The Fishes of Pennsylvania (Stauffer et al., 2016). 

The Round Goby is thought to have invaded North American waters through the ballast tanks of 

trans-Atlantic Ocean freighters traveling from the Black Sea and the Baltic Sea (Mueller et al., 

2017). Although the Round Goby initially inhabited only the Laurentian Great Lakes and their 

associated tributaries, its geographic range has spread significantly and rapidly (Figure 2).  
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Figure 2. Map of the current distribution of Round Gobies in North America. Adapted from 
Nonindigenous Aquatic Species, United States Geological Survey (Freedman et al., 2025) 

 As of 2002, the Round Goby was found to have invaded numerous Pennsylvania 

tributaries connected to Lake Erie, including Elk Creek, Walnut Creek, Twentymile Creek, and 

Sixteenmile Creek (Phillips et al., 2009). By electrofishing sampling from June 2000 through 

October 2001, the most significant invasion was found to occur in Elk Creek, where the Round 

Goby made up 17.1% of the total fish population in which fish communities were found (Phillips 

et al., 2009). At this time, it was estimated that around 9.9 billion Round Gobies inhabited Lake 

Erie and its associated river systems (Johnson et. al, 2009). As of August 2014, the Pennsylvania 

Fish and Boat Commission released a statement that Round Gobies were found in Lake LeBoeuf 

and LeBoeuf Creek in Erie County near Waterford, Pennsylvania (Mueller et al., 2017).  

 The fish are assumed to have been unintentionally transported from Lake Erie to LeBoeuf 

Creek in the bait buckets of recreational anglers (Penn State, 2019). Because Round Gobies have 

continued to spread up the Great Lakes tributaries and have invaded various other Pennsylvania 
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river systems due to recreational angling, their numbers are estimated to have increased 

significantly since the early 2000s. 

Effects of Invasion 

 The spread of the invasive Round Goby throughout the lakes and tributaries of North 

America has had and will continue to have detrimental effects on native fish and aquatic 

macroinvertebrates. The Round Goby is a voracious feeder and has been found to prey on many 

native species.  

 More specifically, the Round Goby has been associated with the extirpation of the 

Mottled Sculpin Cottus bairdi and the decline of the Johnny Darter Etheostoma nigrum (Stauffer 

et al., 2016). Studies in Lake Michigan have shown that the invasion of the Round Goby has 

severely impacted the recruitment of the Mottled Sculpin and caused local populations to decline 

rapidly. The study confirmed that Round Gobies interfered with nest-guarding male Mottled 

Sculpins, seized Mottled Sculpin spawning shelters, and fed extensively on juvenile Mottled 

Sculpins and eggs, causing a near-total loss of the young-of-year generations (Janssen and Jude, 

2001). It appears likely that these behavioral aspects of the Round Goby are also the leading 

cause of decline in Johnny Darter populations and recruitment in North American waters (Lauer 

et al., 2011).  

 Additionally, studies have shown that Round Gobies also prey upon mussels and have 

been found to contribute to the loss of indigenous unionid mussels in French Creek through 

direct predation (Clark et al. 2022). Moreover, the Round Goby indirectly affects mussel 

reproduction and recruitment by displacing and outcompeting native fish species that serve as 
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hosts for larval mussels (Clark et al., 2022). Overall, studies have found that when Round Gobies 

are present, native fish, macroinvertebrates, and mussel species are heavily predated or 

outcompeted, causing dramatic shifts to aquatic ecosystems in North America. Finding ways to 

monitor and control the invasive Round Goby is crucial to keeping native environments healthy 

and stable. 

Climate Change Effects on Freshwater Conditions in North America 

Climate change and global warming have had a significant impact on a multitude of 

environmental conditions and ecosystems. Of all global ecosystems, the one that is most 

vulnerable to changes in the climate is the aquatic ecosystem. Climate change leads to increasing 

salinity levels, decreasing dissolved oxygen levels, and rising water temperatures, all of which 

pose a significant threat to a balanced species composition and the proper functioning of aquatic 

ecosystems both in North America and all over the world.  

Because the Laurentian Great Lakes and connected tributaries provide such valuable 

ecosystem services to both human and fish populations in North America, the ecosystem’s 

response to climate change has been extensively studied. According to information provided in a 

study conducted by Collingsworth et al. (2017), surface water temperature in the Great Lakes is 

estimated to increase by 2°C -7°C between 2071 and 2100. Additionally, the same study found 

that water temperatures below the surface are projected to be 2°C warmer throughout the water 

column by 2043 (Collingsworth et al., 2017).   

Furthermore, a study conducted by the National Oceanic and Atmospheric 

Administration (2021) on the Laurentian Great Lakes found that on average, these water bodies 
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are now covered in ice 8 to 46 days fewer than they were in the 1970s (Figure 3). This decrease 

in ice cover due to climate change causes dramatic changes to aquatic ecosystems, including an 

increase in water temperature. A decline in ice cover has also been found to increase annual 

evaporation in the lakes, ultimately impacting the thermally stratified water column (Mishra et 

al., 2011). The shift in ice cover and thermal dynamics in the Laurentian Great Lakes and 

associated tributary systems are bound to cause significant changes to the composition of fish 

communities in these water bodies, as well as allow invasive species – such as the Round Goby – 

that may be better adapted to changing environmental conditions to dominate previously 

balanced native aquatic ecosystems.  

 

Figure 3. Map shows the annual rate of change in ice cover in the Laurentian Great Lakes from 
1973-2019. The map was created by NOAA (2021) and was obtained from the United States 
Environmental Protection Agency (Climate Change Indicators: Great Lakes Ice Cover, 2021) 
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Lethal Effects of Temperature 

Understanding the thermal requirements and tendencies of the Round Goby is critical for 

their effective management. Historically, the lethal effects of temperature on aquatic organisms 

were analyzed and the direct effect of temperature changes on fish mortality has been extensively 

studied for over 50 years. The fact that heat death is rarely observed in nature appears to 

contradict the fact that many organisms are killed at temperatures only slightly above those that 

they prefer. Death due to temperature intolerance may result from either exposure to low or high 

temperatures. For the most part, exposure to cold temperatures is lethal to temperate fishes only 

when these organisms are acclimated to elevated temperatures and abruptly exposed to lower 

temperatures. This phenomenon is termed “cold shock” and is usually associated with shutdowns 

of thermal outfalls during winter months.  

 In contrast, death due to exposure to high temperatures results in the ultimate breakdown 

in the organization of the individuals (Brett, 1956). Mayer (1914) suggests that at high 

temperatures, there is insufficient oxygen to sustain increased metabolic activity in many fish 

species. Other phenomena that result in death at high temperatures include synaptic failure 

(Fisher, 1958), denaturation of body cells, inactivation of cholinesterase (Kusakina, 1963), 

changes in enzyme systems due to high concentrations of lactic acid (Pegel and Remorov, 1961), 

and the failure of coordinating mechanisms of the central nervous system (Orr 1955). The failure 

of numerous biological systems at temperatures above 30°C was discussed by Drost-Hansen 

(1965), who indicated that although an organism may be alive at 33°C – 34°C, vital bodily 

mechanisms may be irreversibly damaged, and death will eventually occur. To support this idea, 

Dean and Coutant (1968) showed that 85% of juvenile Chinook Salmon who lost equilibrium 
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because of thermal shock, died when returned to non-lethal temperatures. Gift (1970) defines 

critical thermal maximum as the thermal point at which locomotor activity declines and the 

animal loses its ability to escape from conditions that will soon cause its death. Therefore, a 

thermal dose that induces the loss of equilibrium for even a short period is just as detrimental as 

one that causes immediate death (Becker, 1973). 

Invasive Species Resistance to Thermal Change 

 Although temperature changes have been seen to affect a diverse array of fish species, 

some researchers speculate that invasive species such as the Round Goby have biological or 

genetic mechanisms that enable them to better adapt to warming waters, owing to their continued 

success in the changing global climate. Zerebecki and Sorte (2011) suggest that the ability to 

maintain physiological function over a wide range of temperatures – defined as eurythermality – 

may be enhanced in invasive species. Studies show that eurythermality could be attributed to the 

expression of heat-shock proteins (HSPs), which assist in the refolding of denatured cellular 

proteins, thus reducing the cost of cellular degradation and replacement (Zerebecki and Sorte, 

2011). Studies on aquatic bivalves conducted by Kelley (2014) have shown that the expression 

of certain HSPs was significantly higher in the invasive Mytilus galloprovincialis compared to 

the native Mytilus trossulus. Additionally, the invasive bivalves were found to induce HSPs at a 

greater maximal temperature than the native bivalves, suggesting the invasive species has a 

higher upper thermal tolerance (Kelley, 2014). This idea of increased heat-shock protein 

expression being a factor in the persistence of invasive species could be one reason why Round 
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Gobies have had such success in expanding their geographic range and thriving in a variety of 

diverse environments. 

Purpose of the Study 

 The purpose of this experiment is to determine the final preferred temperature of the 

Round Goby Neogobius melanostomus and use this information as a surrogate for the lethal 

temperature of the species. Obtaining accurate data regarding the thermal tolerance of the 

invasive Round Goby is critical for preventing the species’ further spread, thus maintaining the 

health and success of native aquatic species in the process. Similar studies conducted by Stauffer 

et al. (1976) found that certain species tended to stay in waters similar to their acclimation 

temperatures, with a trend of a larger percentage of individuals preferring to remain close to their 

acclimation temperature when the temperature is higher. We predict that the thermal preference 

of Round Gobies will differ significantly depending on what acclimation temperature the fish are 

initially exposed to. Additionally, we hypothesize that the Round Gobies will follow a similar 

trend to that of the species studied by Stauffer et al. (1976), with the Gobies’ average preferred 

temperature range being narrower at the higher acclimation temperatures.  
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Chapter 2: Methods 

Collection Process 

 45 adult Round Gobies were collected from LeBoeuf Lake in Erie County, Pennsylvania 

in August 2024. All fish were collected by benthic trawling conducted by the Pennsylvania Fish 

and Boat Commission. The use of Round Gobies in this study followed the methods approved by 

the Institutional Animal Care and Use Committee (IACUC) at The Pennsylvania State University 

(IACUC PROTO202302366).  

Laboratory Setup 

 After collection, all fish were transported to Rock Springs Fish Laboratory, which is a 

part of the Russell E. Larson Agricultural Research Center in State College, Pennsylvania. When 

the Round Gobies were first brought to the Rock Springs Fish Laboratory, they were held at their 

original collection temperature of 15°C. The Gobies were then randomly sorted into four 

different acclimation tanks: 10°, 15°, 20°, and 25°C (Figure 4) for a total of 10-12 Gobies in each 

tank. All Gobies in these tanks were held in freshwater (<0.05 ppt salinity). One week before 

each trial was set to run, the temperature in these tanks was brought up or down by 2°C each day 

until they reached the respective acclimation levels. Once reaching these acclimation levels, the 

temperature in the tanks was held constant for one week (until the start of each experiment).  
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Figure 4. Image of aquarium tanks used to house the Round Gobies in Rock Springs Fish 
Laboratory, State College, Pennsylvania. 

 

Temperature preference trials were conducted in a trough (3.6 m x 0.203 m x 0.245 m) modeled 

after the experiment performed by Stauffer et al. (1976). The interior of the temperature trough is 

painted with nontoxic epoxy paint to prevent extraneous stress or harm to the fish. The exterior 

bottom of the tank is coated with a temperature-resistant, matte black paint to facilitate heating 

from the thermistors positioned under the trough. Cool water is introduced at one end of the 
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trough, thus creating a temperature gradient that can range above and below the acclimation 

temperature specified for each of the five experimental trials. The temperature ranges vary 

slightly among the same-temperature trials, as seen in Table 1. However, it was determined that 

there was not enough variation in the ranges to significantly affect the results of the trials. The 

temperature range of the trough was determined by the initial acclimation temperature for each 

trial. It is important to note that we were unable to achieve a complete temperature range for the 

lowest acclimation trial of 5°C. The trough temperature was unable to drop below around 7°C, so 

this value was determined to be the minimum temperature of the ranges for the 5°C acclimation 

trials.  

Table 1. Acclimation trial and temperature range of the thermistors in the temperature trough. 
All temperatures are recorded in Celsius. 

Acclimation Trial 
(Celsius) 

Temperature Range 
(Celsius) 

5  7.2-15.9 
5  7.3-15.3 
5  7.4-15.8 
5  7.4-15.0 
5  7.6-14.8 
5  7.6-15.9 
5  7.8-15.1 
5  7.8-15.8 
10  10.0-18.3 
10  9.8-18.5 
10  9.7-18.8 
10  9.9-19.2 
10  9.8-18.6 
10  10.0-17.6 
10  9.9-18.0 
10  9.8-18.9 
15  13.5-23.3 
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15  13.1-22.7 
15  14.2-23.0 
15  14.1-23.0 
15  13.9-22.7 
15  13.6-23.0 
15  13.5-23.0 
15  13.4-22.9 
20  18.8-26.3 
20  18.8-26.6 
20  18.8-26.9 
20  18.6- 27.2 
20  18.7-27.2 
20  18.7-27.3 
20  18.8-27.4 
20  19.0-27.4 
25  24.0-30.4 
25  23.8-30.7 
25  23.9-30.8 
25  23-30.7 
25  23.8-31 
25  24-31 
25  24-31.3 
25  24-31.5 

 

Overhead vita-lites illuminate the test area. The sides of the trough are enclosed but latch 

together so that if a panel is unhooked, the inside of the trough can be easily accessed. Twelve 

thermistors are used to create the thermal gradient and determine the selected temperature 

throughout the trough (Figure 5). 
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Figure 5. Photo of the temperature trough and thermistor set up at Rock Springs Fish 
Laboratory, State College, Pennsylvania. Image obtained from Andrew Bucha III, Penn State 
University Master’s student.  

Experimental Methods 

Eight fish are observed individually at each acclimation temperature: 10°, 15°, 20° and 

25°C. At the beginning of the experiment, fish were transferred from the aquarium tank to a 

bucket using an aquarium fish net. The bucket was filled with water from the aquarium tank so 

no orientation period in the bucket was necessary. Individual fish were then introduced to the 

trough from the bucket using the same aquarium fish net. The fish was then placed in the middle 
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of the trough. Each fish was given a 20-minute orientation period. Once the fish were inside the 

trough, they could turn around and swim freely during the entire orientation period and 

preference trial. During the orientation period in the trough, fish were periodically checked to 

ensure they did not squeeze behind the netting on the drain end of the trough. If they did, the 

aquarium net was used to gently prod the fish until it swam back toward the middle of the 

trough. Following the orientation period, the temperature and thermistor at which the fish is 

located are recorded on an Excel sheet every 20 seconds for a total of 10 minutes. The location 

of the fish within the trough was monitored using overhead mirrors placed above the entire 

length of the trough. Thermistors placed on the outside of the trough displayed the temperature in 

Celsius, and the thermistors were labeled 1-12 on the inside of the trough so the thermistor at 

which the fish was located throughout the trial could be constantly identified. After each trial 

was conducted, the temperature recorded every 20 seconds for 10 minutes was used to determine 

the preferred temperatures of the fish during their individual trials. To obtain the preferred 

temperature of the Round Goby during their individual trials, the temperatures recorded every 20 

seconds during the 10-minute trial period were added up and divided by 30 (the number of 

temperatures recorded during each trial). This calculated value was deemed to be the average 

temperature that the fish preferred during the trial period. These preferred temperatures were 

then used in the statistical regression analysis described below. All 8 fish for each acclimation 

temperature were observed on the same day, but each preference trial took place on different 

days for a total of 5 separate days of experimental trials. We initially planned on performing only 

4 temperature trials: 10°, 15°, 20°, and 25°C. As the study was being conducted, we decided it 

would be best to add a 5°C trial, so we reacclimated gobies from the 10° C trial to use again. If 
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fish were seen to exhibit a complete loss of equilibrium, they were removed from the trial. We 

defined loss of equilibrium as the “inability to correct (upright) oneself after being poked with a 

probe”. Fish that needed to be removed from a trial due to complete loss of equilibrium were 

euthanized in a freshwater and clove oil mixture compliant with IACUC protocol. We euthanized 

these fish immediately because it was unlikely that individuals who lost equilibrium would 

recover, and we wanted to eliminate any unnecessary suffering. All remaining fish that were 

used in this study were returned to the laboratory aquarium tanks. These fish were not used in 

any further experiments, and once all trials were completed, all individuals were euthanized in 

the freshwater and clove oil mixture prescribed by IACUC.  

Past Temperature Preference Study Methods 

 The past temperature preference models (Figures 8-10) below were created using data 

provided by the wildlife monographs presented by Stauffer et al. (1976). One predator species – 

the Rock Bass – and two prey species – the Fathead Minnow and the Bluntnose Minnow – were 

selected to compare the temperature preferences of each species from this past study to the 

temperature preference of the Round Goby. Additionally, data on the Chesapeake Logperch 

provided by Bucha (2024) was used to create an additional comparative temperature preference 

model (Figure 11). All past temperature preference graphs were created using Excel. It is 

important to compare the Round Goby temperature preference results to the results of past 

temperature studies of native North American species because it may provide crucial insight into 

how the Round Goby has been so successful as an invasive species.  



16 
 

   
 

Statistical Methods   

 To evaluate the temperature preferences and tolerances of the Round Goby, a statistical 

analysis was conducted to understand how changes in water temperature may affect survival 

rates and the invasive spread in North America.  The statistical analysis involved plugging the 

data into SAS, a statistical software commonly used for data management, advanced analytics, 

and multivariate analysis. In SAS, we fitted the data with the REG procedure, a general-purpose 

procedure that fits least-squares estimates to linear regression models. The output of this 

procedure is a regression model comparing the acclimation temperatures and the preference 

temperatures from the Round Goby study. In the graph, the preference temperature represents the 

dependent variable. The REG procedure also provided an ANOVA table, R2 values, and 

parameter estimates for the Goby data. After obtaining the graph and these values, we plugged 

the acclimation-preference graph into R to refine the graph and make it more presentable.  



 

   
 

Chapter 3: Results 

Round Goby Study Results 

 When the Round Gobies were initially placed into the trough, they tended to swim the 

full length of the trough for the first few minutes of the orientation period before eventually 

settling down into a spot. Although fish behavior differed among individuals, the general pattern 

of behavior showed that once fish settled into a spot in the trough, they tended to stay there for 

the entire orientation period and temperature trial.  

 The range of average preference temperatures notably differs between acclimation trials 

(Fig. 6). According to Figure 6, the range of average preference temperatures is greatest for the 

15°C acclimation trial. For this trial, the average preferred temperature ranges from 13.1°C to 

22.8°C for a range of 9.7°C (Figure 6). In contrast, the trial with the smallest range in preference 

temperature is the 25°C acclimation group (Figure 6). In this trial, preferred temperatures range 

from 26.2°C to 29.1°C for a range of 2.9°C (Figure 6). Additionally, Figure 6 suggests that the 

average preferred temperatures for all five trials remain within the 95% prediction limits, 

however, one average preferred temperature point (15.0°C) for the 5°C trial falls right on the 

upper prediction limit. Another important aspect to note in this model is that most of the 

preferred temperatures for the middle three trials (10°C, 15°C, and 20°C) fall outside of the 95% 

confidence limits (Figure 6). However, the majority of the average preference temperatures for 

the two extreme acclimation trials (5°C and 25°C) fall within the 95% confidence limits (Figure 

6). Finally, it should be noted that the range of the 95% confidence limits in Figure 6 is larger 
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towards the extreme trials – 5°C and 25°C – and narrow as they approach the 15°C trial, where 

the confidence limit is the smallest. 

 

Figure 6. Graph showing the comparison between the acclimation temperature and the average 
preferred temperature of the Round Goby for each of the 5 trials: 5°C, 10°C, 15°C, 20°C, 25°C. 
Each trial includes eight different samples for a total of forty average preference points on the 
graph. Graph created by Jay Stauffer Jr. and Andrew Bucha III.  
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 The analysis of variance helps evaluate the relationship of variation between Round Goby 

acclimation temperature and preference temperature. Using an F-distribution table (Table 3) with 

an alpha value of 0.05, and degrees of freedom (Df) of 1 and 9 respectively, an F-critical value of 

5.1174 is obtained. According to Table 1, the calculated F-statistic is 190.2, which is 

significantly larger than the F-critical value of 5.1174. Additionally, the p-value provided by the 

ANOVA table is less than 0.0001, which is notably less than the alpha-value of 0.05 (Table 1).   

 
Table 2. One-way ANOVA table showing the significance of the Round Goby temperature 
preference study results.  

Source Df Sum Sq Mean Sq F-Value Pr > F 

Model 1 1684.53 1684.53 190.2 <.0001 
Error 38 336.546 8.85647   
Corrected 
Total 39 2021.08    

      
 Table 2 describes the strength of the correlation between acclimation temperature and the 

average preferred temperature of the Round Goby presented in the linear regression model 

(Figure 6). Because R2 values can only range from 0 to 1, an R2 value of 0.8335 and an adjusted 

R2 value of 0.8291 (Table 2) suggest that the regression line “fits” the model well and does a 

suitable job explaining the variation in the data.  

Table 3. Table showing the R and adjusted R values for the correlation between the acclimation 
temperature and the average preferred temperature of the Round Goby for each of the five trials: 
5°C, 10°C, 15°C, 20°C, 25°C. 

R-Squared Adj R-Squared 
0.8335 0.8291 
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  The differences in preferred temperature and initial acclimation temperature of the 

Round Goby differs among trials (Figure 7). The lowest acclimation trial -- 5°C – shows the 

biggest difference between acclimation temperature and preferred temperature with a difference 

of 5.14°C. In contrast, the 10°C trial shows the smallest difference between the preferred 

temperature and acclimation temperature, with a difference of 1.825°C (Figure 7). It is important 

to note that although the difference between preference temperature and acclimation temperature 

in the 5°C is noticeably larger than the differences of the other trials, the difference between 

preference temperature and acclimation temperature is similar among the four remaining trials -- 

10°C, 15°C, 20°C, 25°C – with the average preferred temperature ranging from 2°C to 4°C 

above the initial acclimation temperature.  

 

 

Figure 7. Graph showing the difference in the preference temperature and the acclimation 
temperature of the Round Goby for each of the five trials: 5°C, 10°C, 15°C, 20°C, 25°C. Standard 
deviation is represented by positive and negative error bars.  
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Past Temperature Preference Study Results 

 Figure 8 implies that there is a negative, and moderately linear relationship between the 

acclimation temperature and the difference between the preferred temperature and the 

acclimation temperature as the initial acclimation temperature increases. It is important to note 

that there is no difference between the preferred temperature and the acclimation temperature in 

the fifth trial, and the acclimation temperature is shown to be 1.5°C higher than the average 

preferred temperature of the Rock Bass during the sixth trial when the acclimation temperature is 

32.7°C (Figure 8). The data also shows that the standard deviation of the differences in 

temperature decreases up until the fifth trial where the standard deviation is 0. However, the 

standard deviation increases slightly again during the final acclimation trial (Figure 8). 

 

Figure 8. Graph showing the difference in the preference temperature and the acclimation 
temperature of the Rock Bass for each of six acclimation trials: 18.8°C, 21.6°C, 24.3°C, 27.1°C, 
29.9°C, and 32.7°C. Standard deviation is represented by positive and negative error bars. Data 
obtained from Stauffer et al., 1976.  



22 

   
 

 Figure 9 shows that there is a negative, and moderately linear relationship between the 

acclimation temperature and the difference between the preferred temperature and the 

acclimation temperature as the initial acclimation temperature increases. The graph implies that 

there is no difference between the preferred temperature and the acclimation temperature in the 

fifth trial, and the acclimation temperature is shown to be 1.1°C higher than the average 

preferred temperature of the Fathead Minnow during the sixth trial when the acclimation 

temperature is 29.2°C (Figure 9). The data also shows that the standard deviation of the 

differences in temperature decreases up until the fifth trial where the standard deviation is 0. 

However, the standard deviation increases slightly again during the final acclimation trial (Figure 

9). 

 

Figure 9. Graph showing the difference in the preference temperature and the acclimation 
temperature of the Fathead Minnow for each of six acclimation trials: 12.5°C, 15.8°C, 19.2°C, 
22.5°C, 25.8°C, and 29.2°C. Standard deviation is represented by positive and negative error bars. 
Data obtained from Stauffer et al., 1976. 
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 Figure 10 shows that there is a negative, and moderately linear relationship between the 

acclimation temperature and the difference between the preferred temperature and the 

acclimation temperature as the initial acclimation temperature increases. It is important to note 

that the acclimation temperature is shown to be 0.9°C higher than the average preferred 

temperature of the Bluntnose Minnow during the sixth trial when the acclimation temperature is 

29.2°C (Figure 10). The data also shows that the standard deviation of the differences in 

temperature decreases up until the fifth trial where the standard deviation is 0. However, the 

standard deviation increases slightly again during the final acclimation trial (Figure 10). 

 

Figure 10. Graph showing the difference in the preference temperature and the acclimation 
temperature of the Bluntnose Minnow for each of six acclimation trials: 12.5°C, 15.8°C, 19.2°C, 
22.5°C, 25.8°C, and 29.2°C. Standard deviation is represented by positive and negative error bars. 
Data obtained from Stauffer et al., 1976. 

 Based on Figure 11, there appears to be a negative and moderately linear relationship 

between the acclimation temperature and the difference between the preferred temperature and 
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the acclimation temperature as the initial acclimation temperature increases. The lowest 

acclimation trial -- 5°C – shows the biggest difference between preference temperature and 

acclimation temperature with a value of 6.36°C (Figure 11). In contrast, the highest acclimation 

trial -- 25°C – shows the smallest difference between preference temperature and acclimation 

temperature with a value of 1.33°C (Figure 11). Although this model depicts a negative and 

linear relationship, it is important to note that the preference temperature is not smaller than the 

acclimation temperature for any of the trials (Figure 11). The data from Figure 11 also shows 

that the standard deviation of the differences in temperature decreases with each successive 

acclimation trial. 

 

Figure 11. Graph showing the difference in the preference temperature and the acclimation 
temperature of the Chesapeake Logperch for each of the five trials: 5°C, 10°C, 15°C, 20°C, 
25°C. Standard deviation is represented by positive and negative error bars. Data was obtained 
from Andrew Bucha III, a Penn State graduate student (2024).  
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Chapter 4: Discussion 

The Thermal Preference and Thermal Tolerance of the Round Goby 

The results of this temperature preference study offer crucial insight into how the Round 

Goby can dominate and prosper in a variety of freshwater ecosystems in North America from the 

Laurentian Great Lakes to Lake LeBoeuf in Erie, Pennsylvania. According to Figure 6, the 

average preferred temperature of the Round Goby differs significantly from the acclimation 

temperature in each of the five trials. This idea is supported by Table 1, which shows that the 

data produces an F-statistic of 190.2. When compared to the F-critical value of 5.1174, the F-

statistic is much larger. This difference implies that we can reject our null hypothesis that there is 

no difference in the average preferred temperature among acclimation trials. Statistical 

significance is further supported by the p-value (<0.0001) being smaller than the alpha value of 

0.05 (Table 1). This significance supports our initial prediction that the preferred temperature of 

the Round Goby is different from their initial acclimation temperature. This difference in 

temperature suggests that the Round Goby has a significantly large thermal tolerance range, 

implying that the species can survive – and even thrive – in a variety of freshwater ecosystems. 

This large thermal tolerance range is an advantage that many native North American species do 

not have, which could be a reason why the Round Goby is able to dominate so successfully in 

alien waters.  



 
26      

 

   
 

Moreover, the R2 value of 0.8335 and the adjusted R2 value of 0.8291 provided in Table 

2 suggest that the relationship between the acclimation temperature and the average preferred 

temperature is relatively strong and linear. This idea is supported by Figure 6, which shows that 

as the acclimation temperature increases, so do the average preferred temperatures of the Gobies. 

The strength of this relationship suggests that the initial acclimation temperature influences the 

preferred temperatures of the Round Gobies, even though there is significant variability in the 

average preferred temperature within each acclimation trial.  

One of the main findings from this study suggests that the 95% confidence limits for the 

two most extreme trials – 5° C and 25° C – are larger than the confidence limits for the middle 

three trials (Figure 6). This result is interesting since we initially predicted that as the acclimation 

temperature increases, the variability in the average preferred temperature becomes smaller. 

According to Figure 6, this idea is supported by the preference data points, but not by the 

confidence limit for the line of best fit.  

Overall, these findings suggest that Round Gobies can comfortably inhabit and tolerate a 

broad range of freshwater ecosystems. Since there is significant variability in the average 

preferred temperature both within and between all five acclimation trials, these results imply that 

the Round Goby does not have a specific preferred temperature. However, during our study, 

three fish “flipped” during the 25° C acclimation trial (see Experimental Methods), suggesting 

that the Round Goby cannot be successful and survive for long at temperatures above 25° C. 

Because fish exhibited a loss of equilibrium during this specific acclimation trial, we determined 

25° C to be the Round Goby’s maximum thermal tolerance. This claim is further supported by 

Figure 6, which shows that the range in average preferred temperature is smallest for the 25° C 
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acclimation trial, suggesting that the Round Gobies could not stray far above their initial 

acclimation temperature without losing equilibrium.  

Comparison of Results to Past Thermal Tolerance and Preference Studies 

Comparing the results of the Round Goby temperature preference study to past thermal 

tolerance studies yields interesting results. One of the main findings resulting from the 

comparison between the Round Goby study and the three species studies (Rock Bass, Fathead 

Minnow, and Bluntnose Minnow) performed by Stauffer et al., 1976 is that the Round Goby has 

a significantly different temperature preference pattern compared to the historically studied 

species. Based on Figure 7, the average preference temperature of the Round Goby is greater 

than the acclimation temperature for each of the five trials. In contrast, the three species studied 

by Stauffer et al. (1976) all have a lower preference temperature than acclimation temperature 

for the highest acclimation trial. This pattern implies that the highest acclimation trial for each of 

these studies is representative of the maximum thermal tolerance for these three species. 

However, this pattern is not reflected in the Round Goby thermal tolerance study. Since the 

difference between preference temperature and acclimation temperature for the Round Goby is 

positive for all five trials, these findings further suggest that the Round Goby has a much larger 

thermal tolerance range compared to native North American freshwater species. This ability to 

survive and adapt to warming waters appears to be one of the main factors contributing to the 

Round Goby’s success in out-competing native species. Furthermore, the native freshwater 

species’ – such as the Rock Bass, Fathead Minnow, and Bluntnose Minnow – significantly lower 
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thermal tolerances and inability to adapt to warming waters could further facilitate the Gobies’ 

invasion and domination of foreign waters.  

In contrast to the temperature studies conducted by Stauffer et al. (1976), the Chesapeake 

Logperch thermal tolerance trials conducted by Bucha (2024) provide results similar to those of 

the Round Goby study. For one, the Chesapeake Logperch model shows that the average 

preference temperature is higher than the acclimation temperature for each of the five trials 

(Figure 11). This pattern is similar to that of the Round Goby thermal tolerance study, suggesting 

that the Chesapeake Logperch also has a rather larger range of thermal tolerance. Significantly, 

both the Round Goby and the Chesapeake Logperch have similar thermal tolerances and 

temperature ranges because the Round Goby is a successful invasive species, and the 

Chesapeake Logperch is a threatened native North American species. Because both the Round 

Goby and Chesapeake Logperch temperature studies were performed in the past year, and the 

three species studies performed by Stauffer et al. (1976) were conducted almost 50 years ago, it 

would be interesting to see whether the thermal tolerances and ranges of these historical species 

have changed in response to warming inland waters. Overall, more research should be conducted 

on the thermal tolerances of the Round Goby and respective native species to determine whether 

the differences in thermal tolerance are the major factor contributing to the Round Goby’s 

success and the native species’ declines.  
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Limitations and Potential Biases 

Although this study yields significant insight into the temperature preferences and 

thermal regulations of the Round Goby, it is still important to acknowledge the limitations and 

potential biases of the study. First, a relatively small sample size was used for each trial group. 

Because we only received a certain number of fish collected by the Pennsylvania Fish and Boat 

Commission, we had no choice but to keep our sample sizes in each trial small.  

Additionally, because we decided to add a 5° C trial to the study after the fish had already 

been separated and placed in their aquarium acclimation tanks in Rock Springs, we had to reuse 

the group of fish that were initially sampled in the 10° C acclimation trial. Since these fish were 

used for two different temperature groups – 5° C and 10° C – there could be bias in the 5° C that 

was performed as an afterthought. Because the fish in the 5° C trial had already experienced the 

conditions of the temperature trough, their behavior during this trial might not accurately reflect 

the movements or preferences of a fish that was not already accustomed to the trough 

environment.  

Moreover, because the five temperature trials were performed at different times over a 

four-month period (September to December), the fish analyzed at the end of the study period 

were significantly older than the fish examined at the beginning of the study period. The change 

in age and maturity between fish in the different trials could influence their thermal preference. 

This potential bias opens a door for further research into whether the thermal tolerance of the 

Round Goby changes with age and growth. Despite these limitations and biases, the findings of 
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this study provide a solid base of knowledge that can be used in future research regarding the 

temperature preferences of the Round Goby and other invasive fish species.  

Areas of Future Research 

 Although tolerance to changes in water temperature is a key factor that makes the Round 

Goby such a prolific invader of North American lakes and rivers, tolerance to other 

environmental conditions such as salinity should be studied as an aid to the Round Goby’s 

success as well. As water temperature increases due to climate change, so do salinity levels. 

According to a study published by Donovan (2023), northern lakes in the United States and 

Canada have seen salinity levels rise from 3-5 milligrams per liter in the 1980s to 15-20 

milligrams per liter in 2020. This change in salinity is sure to influence both invasive and native 

fish species. By performing additional research on the salinity preference and tolerance of the 

Round Goby, we will obtain a more well-rounded understanding of how this small, benthic fish 

has been able to dominate North American waters.  

 Furthermore, future studies could shed light on opportunities and strategies to prevent 

and manage the geographic spread of the Round Goby. Ultimately, although further research is 

necessary to fully understand the impact this invasive fish has – and will continue to have – on 

North American waters, this study has provided crucial initial insight into how rising 

temperatures have given the Round Goby the perfect opportunity to flourish and grow in an alien 

environment. 
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Appendix A: F-Distribution Table 

Table 4. The F-Distribution Table was used to determine the F-critical value in the Round Goby 
study. Table obtained from Bobbitt, 2018.  
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