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2.  EXECUTIVE SUMMARY 
Lake Erie’s ecology is disrupted by aquatic invasive species (AIS), such as the round goby (Neogobius 

melanostomus) tubenose goby (Proterorhinus semilunaris).  The impact of the tubenose goby on the 

Great Lakes ecosystem is relatively unstudied.  Our current studies focus on discovering which species of 

fish prey upon these invasive gobies.  We use polymerase chain reaction (PCR) to detect specific DNA 

samples of this aquatic invasive species in the feces of piscivorous fish of Lake Erie.  

 

Identification of DNA for the gobies must be specific and accurate for our method to be successful.  

We optimized primers to be species-specific to segments of cytochrome oxidase I (COI) from the fish. 

We have demonstrated the specificity of our primer sets.  Our assay is also sensitive; we can detect DNA 

samples at a concentration below 10ng/mL.  The Qiagen Tissue Kit is the most effective method we use 

to extract DNA.  This molecular approach offers advantages compared to traditional gut content 

analyses because collection of feces does not harm the fish and it allows for community partners such as 

anglers to participate in our assessment by collecting fecal samples. Involvement of community partners 

would allow us to map where and when piscivorous fish recently consumed round and tubenose gobies. 

 

We’ve found round goby DNA in the feces of 5 fish representing 3 different species.  Most of our 

collecting was focused in the vicinity of Presque Isle Bay.  While we can identify tubenose goby DNA in 

feces of lab-reared fish, we have yet to identify tubenose goby DNA in the feces of wild piscivorous fish.  

This makes it difficult to draw any conclusions about predation on tubenose gobies – it indicates that 

native, piscivorous fish may prey on tubenose gobies at a very low level but allows no conclusions about 

the causes of this minimal predation.  Do native fish avoid the tubenose goby or is the population so 

small that we haven’t captured the moment where a fish has preyed on them.  Seining efforts and this 

data suggests that the population of tubenose goby is considerably lower than the round goby 

population.   
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3.  REPORT 
 

INTRODUCTION 
 

The Laurentian Great Lakes, including Lake Erie, are threatened by invasive species.  Over 180 

non-native species have colonized the Great Lakes since European settlement, the majority of which 

have been introduced via ballast water of transoceanic freighters (Drake & Lodge, 2007; Bailey, et al., 

2011).  The aggregate cost of invasive species in the Great Lakes is estimated at 100-200 million dollars 

annually (Rosean et al., 2012; Rothlisberger, 2008; Lodge & Finnoff, 2008).  Estimates of the economic 

impacts of invasive species rely on understanding how these species affect the ecology of the Lakes.  At 

this point, we are still lacking information on the ecological impacts of some non-native species.  Beyond 

understanding the effects of invasive species, it is also important to be able to predict how, where, and 

how quickly a species will colonize new habitats.  Information about population size, population growth 

rate (influenced by fecundity, competition, and predation), and spatial distribution is required for these 

predictions (Vanderploeg, et al., 2002; Bailey et al., 2011; EPA, 2013). 

The tubenose goby, one of the focal species of this proposal, was first reported in the Great 

Lakes in 1990 (Jude et al., 1992).  However, the ecological impacts of this species on Lake Erie are still 

relatively unknown.  Kocovsky and colleagues (2011) characterized the feeding patterns of the species in 

Western Lake Erie.  They noted that tubenose gobies fed primarily on chironomids at three out of four 

sites, whereas at the fourth site, on Middle Bass Island, the gobies had a more diverse diet, but 

amphipods made up the majority of the weight of the diet.  Ephemeropterans, trichopterans, dipterans, 

crustaceans, and infrequently larval fishes have also been reported as components of the tubenose goby 

diet elsewhere within the Great Lakes (French and Jude, 2001).  Their diet overlaps with, and may 

impact, small native fish species, such as the rainbow darter (Etheostoma caeruleum) and northern 

madtom (Noturus stigmosus) (Kocovsky et al., 2011).  The range of tubenose gobies is predicted to 

expand further into the Great Lakes, including wetlands and major tributaries (Kocovsky et al., 2011), 
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but at this time there is little information about population size and distribution.  We recently reported 

tubenose gobies in the eastern basin of Lake Erie (Grant et al., 2012), indicating that the species may be 

colonizing new habitats in the lower Great Lakes.  Importantly, Kocovsky and colleagues (2011) note that 

absolutely nothing is known about predation on tubenose gobies in Lake Erie.  The proposed study 

would be a further step toward understanding the ecology of tubenose gobies in the eastern basin of 

Lake Erie by identifying their predators, collecting information on the extent of predation on them, and 

estimating their spatial and temporal distribution - all of which factor into the likelihood and/or rate of 

their range expansion. 

The round goby, the other focal species of this proposal, was first detected in the St. Clair River 

in 1990 (Jude et al., 1992).  Compared to the tubenose goby, it has received considerable attention due 

to its abilities to compete with native fish species (Janssen & Jude, 2001; Lauer, 2004), prey on the eggs 

and young of other fishes (Chotkowski & Marsden, 1999; Steinhart et al., 2004), and alter 

macroinvertebrate community composition (Jude et al., 1995; Krakowiak & Pennuto, 2008; Kuhns & 

Berg, 1999; Ratti & Barton, 2003).  Because of its known impacts on Great Lakes ecosystems, the GLEAM 

project has identified the round goby as a specific stressor of the Great Lakes.  The project proposed 

here would provide additional insight into the current range of the round goby and its role in the trophic 

structure of Presque Isle Bay and nearshore waters of the eastern basin of Lake Erie. 

 
We proposed a PCR-based method to track non-native species, to better understand the trophic 

roles of the gobies, and to try to understand the distribution of tubenose goby in the waters of Presque 

Isle State Park.  While ecological techniques that rely on molecular biology offer great promise for rapid 

detection of invasive species, ensuring that the methodology is accurate, specific, and sensitive are 

critical to the interpretation of these experiments.  Unfortunately, these background experiments that 

simply allow for protocol development are tedious and time-consuming.  And each time there’s a glitch 

in the protocol, we have to go back to the beginning to refine the protocol.  



5 
 

METHODOLOGY 

Primer development and optimization 

We opted to use Cytochrome Oxidase I (COI) as the gene to distinguish between the species.  COI is 

a mitochondrial gene, so there is greater variation amongst closely related species, compared to 

genomic genes.  COI has been well-characterized in countless species; it’s the gene that is used for DNA 

barcoding in animals.  Additionally, there are many more copies of mitochondrial genes, making PCR-

detection much more likely. 

PrimerBLAST was used to identify primer sequences that should be specific for each of the goby 

species.  However, the specificity primers need to be tested.  To test specificity, we collected tissue 

samples of about 20 species of Lake Erie fish, extracted DNA, and used this as the potential PCR 

template.  If primers produced a band that was similar in size to the target species, then those primers 

were not specific at those parameters.  However, if the band was faint, we could run a gradient PCR to 

increase the annealing temperature and see if the PCR program could be tweaked to make the primers 

specific.  We tried several round gobies primers until we got one that was specific; we called these 

primers, RG 439 (round goby-439 base pairs).  Unfortunately, we later found that these were not terribly 

sensitive (will be described later).  This was a major setback, so we had to go back to the beginning to 

identify new primers (ie – this was a major delay).   

Finally, after additional rounds of optimization, we identified two new round goby primers, RG 535 

and RG 321.  The specificity of RG 535 is shown below.   
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Figure 1.  RG 535 the dark bands at 535 bp are the specific bands.  The lower “bands”, below 100 bp are 
unincorporated primer and thus are present in all lanes.  The RG 321 primers are also specific. 

 
DNA Extraction 

In our proof-of-principle experiments, we extracted DNA from feces using the Qiagen Stool 

Sample Kit.  This kit is very easy to use and involves a series of steps to lyse cells, release the DNA, and 

adhere the DNA to a silica column.  The column is then washed to remove impurities (such as PCR 

inhibitors) before the DNA is eluted from the column.  To ensure this was an effective technique 

conducted some experiments in the lab.  We maintained a rock bass and a small mouth bass in the lab; 

they were fed round and tubenose gobies in separate experiments.  Feces were collected; we refer to 

these samples as control feces.   

These samples were evenly divided into 2 microcentrifuge tubes and DNA was extracted using 

several different protocols or kits.  We did pairwise comparison of the Qiagen Stool kit, Qiagen Blood 

and Tissue kit, and PrepMan Ultra Reagent.  The PrepMan Reagent yielded the most DNA.  However, it 

contained significant impurities, so that amplification failed.  Qiagen Stool Kit yielded the least DNA and 

it was sometimes difficult to amplify the target species, likely from low concentration of DNA.  The 

Qiagen Blood and Tissue Kit, seemed to hit the mark; it yielded much less DNA than the PrepMan 

Reagent, but we were successful amplifying species-specific DNA from our control feces.  Results are 

shown in figures 2 and 3. 
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Dilutions of PrepMan Ultra Dilutions of PrepMan Ultra 

Sample # 68 Sample # 108 

 

Figure 2.  Average concentration of DNA, based on averaged spectrophotometer readings from 
control fecal samples  

Figure 3. Indicates that DNA concentration is not the most important factor in amplification of 
DNA, post- extraction; the purity matters for subsequent amplification.  Fecal samples 68 and 
108 (68 was a field collected sample, with round goby in the stomach and 108 was a lab control 
sample) were split and DNA was extracted using the PrepMan Ultra Reagent or the Qiagen 
Tissue Kit.  We had concerns about the purity of the PrepMan DNA, so it was diluted to try to 
reduce the concentration of the impurities that could inhibit the PCR.  PCR was conducted and 
run on a 1% agarose gel.  Amplification occurs robustly in the Qiagen prepped –samples (red), 
indicating plenty of DNA and absence of PCR inhibitors.  The PrepMan DNA shows no 
amplification in undiluted samples.  Sample 68 shows some amplification of round goby DNA 
when the PrepMan DNA is diluted, indicating that some of the inhibitors were diluted away.  
However, The PrepMan DNA from sample 108 never amplifies, indicating that there are too 
many inhibitors to amplify the round goby DNA.   
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The primary determinant of DNA concentration is based on the sample.  Some samples are quite small, 

others contain large amounts of indigestible material, like shells and macrophytes.  These parameters 

determine the amount of DNA that a prep yields.  The variability in the DNA concentration in each prep 

is shown in figure 4. 

Figure 4.  DNA concentration from various preps. 

Proof-of-Principle and Timing 

 

Figure 5.  Tubenose goby DNA is detectable in the feces of a rock bass from 3-48 hr after feeding on 
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tubenose goby.   

 

To demonstrate that our methodology worked properly, tubenose gobies were fed to the 

captive rock bass.  Feces were collected over a time range from 3h-48h after feeding, some feces were 

collected directly from the rock bass, other samples were pipetted off the bottom of the tank.  DNA was 

extracted from feces using the Qiagen Blood and Tissue Kit.  Tubenose goby DNA was amplified in the 3 

hr sample, 1 of the 24-26 hr samples, and both of the 48 hr sample.  These data suggest that there may 

be 2 pulses of DNA from consumption of a fish.  DNA from the easily digestible tissues seems to be 

detectable from 3-24 hrs.  There may be another pulse of DNA from tissue that digests more slowly.  

Granted, this needs to be repeated more carefully, which difficult because of the need to avoid 

excessive handling and stressing the captive fish.  A greater number of captive fish would help us better 

determining the timing of the DNA coming through the digestive tract. 

 

Contamination 

This was a problem I had never experienced after years of doing PCR.  I think the problems arose 

because some the amplicons that we work with, especially the tubenose amplicon, is quite small.  This 

leads to excessive aerosolization of the amplicon which can then contaminate pipets, reagents, and 

every surface in the lab.  We began with a new set of pipets, exclusively used for setting up PCR and a 

separate set of pipets for gel loading.  Aerosol resistant tips were used for all processes, whereas 

previously, we had not used them to load gels.  This was still insufficient to control contamination. Thus, 

we continued by setting up the PCR in a hood that had been freshly bleached, with bleached equipment.  

This seems to be reasonably effective at reducing contamination.  We always run negative controls to 

detect contamination. These controls are absolutely imperative or else our conclusions would have been 

absolutely incorrect.   The contamination turned out to be the major source of delay for tubenose goby 
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side of the project.  Going forward, avoiding contamination must be the priority of any lab working on 

this type of high throughput PCR screen. 

 

Once we had the methodology solidly worked out, we began to process the field-collected 

samples.  Fecal samples are collected from fish by running ones fingers in an anterior to posterior 

direction along the ventral side of the fish.  The feces are collected directly into a sterile microcentrifuge 

tube and 100% ethanol is added to the tube to preserve the DNA.   

 
RESULTS 

The major innovation of the project was working out the primers and the protocol.  Our protocol is 
as follows: 

 
• Gently run fingers along the ventral surface of the fish in an anterior to posterior direction.  

Try to directly catch the feces into a microcentrifuge tube.  Use a bleached pair of blunt-tip 
forceps if feces need to be forced into the tube. 

• Add ethanol to sample to preserve DNA.  Sample can be prepped immediately or stored at -
20° C. 

• Tube should contain no more than 400uL of feces.  If sample is large, divide into separate 
tubes; the Qiagen kit becomes ineffective if the sample is too large. 

• Follow the Qiagen Blood and Tissue Kit directions, with the exception of adding a 2nd 
incubation step after adding the AL buffer. 

• Again, samples maybe stored at -20° C or used PCR immediately.   
• PCR recipe 

4 uL template 
2 uL F&R primer mix 
2 uL 10x BSA 
4 uL Nuclease-free water 
12 uL Promega GoTaq Green 

Preliminary experiments suggest that BioTools SuperMasterMix Taq is much 
more effective at producing a more robust amplicon, but since all our 
parameters were tested with GoTaq, we continued to use it. 
 

• The parameters for the PCR reaction for RG 535: 
Temperature Time  
94˚ C 2 min  
95˚ C 30 s  Repeat 40xs 
67.9˚ C 30 s 
72˚ C 45s 
72˚ C 10 min  
4˚ C Hold  
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Primer sequence – in manuscript in preparation 
 
For Tubenose goby TG 254 

Temperature Time  
94˚ C 2 min  
95˚ C 30 s  Repeat 40xs 
˚ C 30 s 
72˚ C 45s 
72˚ C 10 min  
4˚ C Hold  
Primer sequence – in manuscript in preparation 
 
• Results are run on a 1% agarose gel, with 100 bp ladder and visualized with an Olympus 

transilluminator system. 
 
Thus far, we have run PCR on 82 field-collected fecal samples.  We have identified 5 samples that 

were positive for round goby DNA.  The positive samples were from known round goby consumers, 
yellow perch, walleye, and small mouth bass (chart 1).  While these results may not be surprising, we 
know that round gobies are abundant in Lake Erie and Presque Isle Bay, yet we only have a detection 
rate of 7.3%.   

 
 
Interestingly, our data indicate that round gobies are still vulnerable to predation in the winter.  

Samples 69 and 78 were both collected during January when Presque Isle Bay was frozen.  Gobies are 

thought to go into torpor and remain relatively hidden and protected.  We cannot determine whether 

torpor made these gobies vulnerable to predation  (ie, they floated out of their hiding place while they 

Sample 
Number 

Donor of fecal sample Total length of donor,  
in mm 

Collection Location Date Collected 

22 Smallmouth Bass 350 Marina Lake, East May 2013 

55 Walleye 559 Lake Erie (Off of 
Shades Beach) 

August 2013 

56 Yellow Perch 112 Marina Lake, East August 2013 

68 Yellow Perch 254 Lake Erie (Off of 
Shades Beach) 

August 2013 

69 Yellow Perch 229 Presque Isle Bay January 2014 

78 Yellow Perch 254 Cascade Creek 
Outflow 

January 2014 
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were still in a slower physiological state) or whether they were not in torpor.  However, this data 

contradicts the conventional wisdom that round gobies are protected in the winter. 

 

The rate of detection of tubenose goby DNA is still in flux.  Due to issues with contamination, not all 

samples have been tested.  We are continuing to analyze these samples, with several negative controls 

included in each PCR.  However, to date, we have not detected tubenose goby DNA in any of the 30 

field-collected fecal samples analyzed.   

 

CONCLUSION 

Given that we only find round goby DNA in 7.3% of fecal samples and we know their population is 

very large, it should not be surprising that we have yet to detect tubenose goby DNA in any sample.  Our 

seining efforts, as well as the efforts of others, suggest the population of tubenose gobies throughout 

Presque Isle Bay is quite small.  We collected 24 fecal samples from the site where we can reliably find 

tubenose gobies during the summer and still have not found their DNA in fecal samples.  This would 

indicate, as expected, that the tubenose goby population is much lower than the round goby, even in 

Marina Lake, the only area where tubenose gobies are routinely found.  However, until we get a positive 

sample, we cannot even estimate how much smaller the population is at a given location, nor can we 

make comparisons about population size and predation level.   

 

We are continuing to analyze samples and refining our methods to enhance detection of DNA.  

Working exclusively with undergraduates, makes it difficult to increase the throughput of this analysis.  

While a lab tech could easily process all these samples in a week, just learning the DNA extraction 

technique with is overwhelming.  The chances of a major mistake increase as I give undergrads more 

tubes to work with.  If this method is deemed valuable, I’d be happy to teach anyone who could 
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continue to do it in a higher throughput capacity.  Lastly, contamination with this type of screening is a 

major difficultly that must be avoided.  We wasted months trying to track down the source of 

contamination and we continue to struggle with it.  It is critical that efforts to minimize the chance of 

contamination are used at the outset of the project. 
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4.  APPENDIX 
 
a.  Staff – none 
b. Students supported 

i.  Undergraduate students supported directly through grant funding for summer 
research 
Jared Wilczynski 
Brian Fuller 

 
Students who worked on the project and relied on the project being funded, but did not 
receive compensation. 

  
   Samantha Czerniak 

Maya Menon 
   Kerry O’Connor   

Tyler Watson 
   Madison Zaccagnini 
 

ii.  Graduate students – none 
iii.  Ph.D. students – none 
iv. Degrees awarded.  The following earned a Bachelor’s of Science: 

Brian Fuller 
Samantha Czerniak 
Tyler Watson 

 
c.  Outreach 

i. Number of meetings, workshops, or conferences 
ii. Number of attendees  

iii. Number of public or professional presentations 
 

Wilczynski, J., Czerniak, S., Fuller, B., Andraso, G., and Grant, K. (2015) Tracking aquatic 
invasive species using DNA in the feces of piscivorous fish.  Regional Science Consortium 
Annual Meeting.  Erie, PA.  Second Place, oral presentation. 
 
Wilczynski, J., Czerniak, S., Fuller, B., Andraso, G., and Grant, K. (2015) Tracking aquatic 
invasive species using DNA in the feces of piscivorous fish. Tri Beta Northeast, Region 3 District 
Convention. Geneseo, NY. Second Place, oral presentation 
 
Czerniak, S., Fuller, B., Andraso, G., and Grant, K. (2015) Tracking invasive species using 
environmental DNA (eDNA). Celebrate Gannon. Erie, PA. 
 
Wilczynski, J., Czerniak, S., Fuller, B., Andraso, G., and Grant, K. (2015) Tracking aquatic 
invasive species using DNA in the feces of piscivorous fish. Celebrate Gannon. Erie, PA.  
 
Czerniak, S., Fuller, B., Andraso, G., and Grant, K. (2015) Tracking invasive species using 
environmental DNA (eDNA). Penn State Behrend-Sigma Xi 24th Annual Undergraduate Student 
Research and Creative Accomplishment Conference. Erie, PA. 

 
Wilczynski, J., Czerniak, S., Fuller, B., Andraso, G., and Grant, K. (2015) Tracking aquatic 
invasive species using DNA in the feces of piscivorous fish. Penn State Behrend-Sigma Xi 24th 
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Annual Undergraduate Student Research and Creative Accomplishment Conference. Erie, PA. 
Runner-up oral presentation 
 
Zaccagnini, M., Andraso, G., and Grant, K. (2015) Tracking aquatic invasive species using DNA 
in the feces of piscivorous fish. Celebrate Gannon. Erie, PA.  
 
Czerniak, S., Fuller, B., Wilczynski, J., Andraso, G., and Grant, K (2/2015).  Tracking predation on 
tubenose and round gobies using DNA from the feces of piscivorous fish. 2015 Joint American 
Fisheries Society Meeting.  Erie, PA. 
 
Grant, K.  What’s lurking beneath the surface: Threats to the Great Lakes.  St. Albert the Great 
Lecture.  Gannon University. Erie, PA.  Nov, 2014. 
 
 
Czerniak, S. Fuller, B, Watson, T, Butts, E, Andraso, G, and Grant, K.  Tracking invasive species 
using DNA in the feces of piscivorous fish.  Regional Science Consortium.  Erie, PA.  Nov, 2014.  
 
Fuller, B, Watson, T, Butts, E, Andraso, G, and Grant, K.  Detecting Invasive Species in the 
Feces of Predatory Fish.  Beta Beta Beta National Meeting.  Erie, PA.  June, 2014. (Third 
place) 
 
Fuller, B, Watson, T, Butts, E, Andraso, G, and Grant, K.  Detecting Invasive Species in the 
Feces of Predatory Fish.  Sigma Xi Regional Competition.  Erie, PA.  April, 2014. (First place) 
 

 
iv. Number of attendees 

 
 It’s difficult to estimate the number of unique attendees at all these meetings.  I would guess 

that there were well over 300 unique people at all these meetings.  I would guess that there are another 
100 people who have seen the presentation or poster multiple times.   

 
 
I’ll be happy to send the publication to Pennsylvania SeaGrant when our manuscript is accepted. 


