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2.0 Executive Summary
The introduction of Round Gobies (Neogobius melanostomus) in the French Creek Watershed
(Lake LeBoeuf) was probably via bait bucket and were first discovered in 2014 This was the first
documented invasion outside of the Lake Erie Basin in Pennsylvania. This was alarming in large part
because the Round Goby has become the most abundant benthic (bottom dwelling) fish in the Laurentian
Great Lakes after only being discovered in 1989.
Round Gobies throughout the Laurentian Great Lakes are known to eat dressenid mussels
(Dreissenidae), but consumption of either dressenids or native mussels (Unionidae) in tributaries to Lake
Erie is minimal based on low populations of any bivalves. The French Creek watershed, however, harbors
29 species of native freshwater mussel as well as introduced Fingernail Clams (Sphaeriidae; Corbicula
fluminea). In addition, Round Gobies have never been introduced to a lotic system with such high
biodiversity of fishes, and the implications of this introduction were unknown.
For this project, we 1) determined whether Round Gobies had moved into the main channel of French
Creek from its initial introduction location at Lake LeBoeuf, 2) documented the diet of Round Gobies in
the French Creek watershed to determine whether consumption of native, freshwater mussels was taking
place and 3) investigated the effects of the presence of Round Gobies on the habitat choices of native
benthic fishes of French Creek.
Round Gobies were collected in the summer months (May -September) via kick seine in 4 locations,
dissected, and stomach contents identified to lowest possible taxa from 2016 - 2018. Round Gobies were
collected in the main stem of French Creek and downstream movement was documented throughout this
study. Since the 2014 discovery in Lake LeBoeuf, the Round Goby has been able to expand its range
every year. When collected, Round Gobies were separated into categories based on size classes so that
we could determine if diet changed with increased size and age. Unionid mussels were consumed by all
size classes, particularly in the size class 1 (30-44mm), but diet shifted to a dominance of sphaeriids in
size class 4 (>75mm). Round Gobies also consumed benthic aquatic macroinvertebrates, a large
percentage of which were chironomids (greater than 24% in all size classes). This is the first
documentation of unionid consumption by Round Gobies in Pennsylvania and poses uncertain threats to
native mussels both directly through consumption of glochidia as well as indirectly through outcompeting
host fishes.
To measure the effects of the invasion on native fishes, we followed the methods established by
Stauffer et al. (1996) and van Snik Gray and Stauffer (1999) to snorkel and observe the microhabitat of
benthic fishes at sites that are known to contain Round Gobies as well as sites that have yet to be invaded.
We compared the microhabitat preferences of species across sites to see if the Round Goby caused a shift
in these preferences. We were able to show that the presence of the Round Goby did in fact cause shifts in
microhabitat choices, especially with choices regarding water velocity. In summary, the Round Goby
consumed native unionid mussels and shifted the habitat occupied by native darters.
3.0 Introduction
Since their discovery in Lake Erie nearly 28 years ago, Round Gobies, Neogobius melanostomus
(Pallas 1814) have expanded their range into tributaries of Lake Erie (Phillips et al., 2003; Poos et al.,
2010; Stauffer et al., 2016; Pennuto et al., 2010) and now threaten fauna in many watersheds through
unintentional introductions (i.e. bait bucket transfer).
The recent discovery of Round Gobies in the French Creek watershed, which is located in the Upper
Allegheny River basin (PFBC, 2014; USGS 2014, Stauffer et al., 2016; Mueller et al., 2017) is of concern
because of high diversity of fishes and mussels. This watershed is 319,000 ha and drains southwestern
New York and western Pennsylvania where it empties into the Allegheny River (Ohio River Drainage) in
Franklin, PA (WPC 2002). French Creek harbors the most species-rich ichthyofauna in Pennsylvania and
is nationally recognized for its biodiversity, with more than 80 species of fishes and 29 freshwater
mussels (Unionoida) (WPC 2002; Smith and Crabtree, 2010). Mussels in French Creek that are listed

under the Endangered Species Act include: Northern Riffleshell (Epioblasma torulosa rangiana: G2;S2),
Snuffbox (Epioblasma triquetra: G3; S2 ), Clubshell (Pleurobema clava: G2; S2) and Rayed Bean
(Vilosa fabalis: G1G2; S1S2). Northern Riffleshell and Clubshell mussels are considered critically
imperiled and have lost 95% of their historic range but appear to have stable populations in French Creek
at this time (Smith and Crabtree, 2010).
Round Gobies were introduced in LeBoeuf Lake near Waterford, PA (41.935873, -79.987255) and
have colonized LeBoeuf Creek (USGS 2014; Stauffer et al., 2016; Mueller et al., 2017) and a small
portion of the mainstem of French Creek downstream of the confluence of LeBoeuf and French creeks
(Stauffer et al., 2016; Mueller et al., 2017). Round Goby impacts native fauna, including both fishes and
macroinvertebrates (Jude et al., 1995; Poos et al., 2010; Pennuto et al., 2010; Kornis et al., 2010), in both
lentic and lotic systems.
Round Gobies in Lake Erie feed on both aquatic macroinvertebrates , Zebra Mussels(Dreissena
polymorpha), and Quagga Mussels (Dreissena bugensis) (Kornis et al., 2012; Johnson et al., 2005; Ray
and Corkum, 1997). In tributaries of Lake Erie, they eat mainly macroinvertebrates (Kornis et al., 2012;
Wilson et al., 2014; Stauffer et al., 2016; Pennuto et al., 2010; Krakowiak and Pennuto, 2004) that could
be attributed to the lack of both invasive and native bivalves. In streams where they have been introduced,
studies have shown reduced macroinvertebrate taxa and richness (Krakowiak & Pennuto, 2008; Mikl et
al., 2017). Chironomids are a primary food item for stream dwelling Round Gobies (Phillips et al., 2003;
Stauffer et al., 2016; Pennuto et al., 2010) and in some stream systems amphipods (Copp et al., 2008).
Many fishes in lotic systems rely on macroinvertebrates as a primary food source, including Mottled
Sculpin (Cottus bardi), various darters (Etheostoma sp., Percina sp. and Ammocrypta pellucida) and
recreational species such as trout (Salmonidae). Impacts of Round Gobies on assemblages of aquatic
macroinvertebrates could negatively affect both fishes and mussels. For instance, Krakowiak and
Pennuto (2004) found that Round Gobies inhabiting tributaries to Lake Erie have impacted mayflies,
stoneflies and caddis flies, which altered the macroinvertebrate assemblages to a dominance of
chironomids. While adults unionids are large in size (e.g., mean length of rayed bean (Villosa fabalis) =
20mm and the mucket (Actinonaias ligamentina) = 130mm; Poos et al., 2010), glochidia are small and
potentially easy to handle and consume.
In addition to potential predation on unionids, Round Gobies may further influence mussels by
altering populations of host fishes that the mussels need to complete their lifecycle. Some species of
mussels use only a single host fish while other use several. For example, Tippecanoe darters (Etheostoma
tippecanoe), Rainbow Darters (Etheostoma caeruleum) and Greenside Darters (Etheostoma blenniodies)
are hosts for Rayed Bean mussels () (White et al., 1996; Butler, 2003Woolnough, 2002. In laboratory
environments, snuffbox have used Logperch (Percina caprodes), Blackside Darter (P. maculate) (Hove
and Kapuscinski, 1998; Hove et al., 2000), Rainbow Darter, Iowa Darter (E. exile) as hosts (Sherman,
1993; McNichols and Mackie, 2003; Hill, 1986; Hillegrass and Hove, 1997; Barnhart and Baird, 1998),
but Logperch are considered the most common hosts (Sherman, 1993).
The purpose of this paper is to investigate the diet composition of Round Gobies in the French
Creek watershed. This opportunity gives valuable insight to putative consequences of Round Goby on
the native fauna.
4.0 Methods
Diet Analysis
We collected fishes in four locations throughout the French Creek watershed where Round Gobies
were known to occur during the summer months in 2016 and 2017 (Figure 1). Site locations were in
LeBoeuf Creek at 41.909352 -79.986375 and 41.939328, -79.982207. In French Creek, site locations
were 41.902102 -79.985967 and 41.898021 -79.987791. A team of researchers collected fishes by kick
seining (3m x 1m x 9.5mm nylon mesh which does not stretch when pulled tight as the netting is not

knotted but formed into the shape) in a downstream direction. Three researchers would kick and flip rocks
immediately upstream of the seine to drive fishes into the net, where it was immediately hoisted out of the
water. A seine was used rather than electroshocking to prevent potential regurgitation of food items
before dissections took place. Stream reaches were between 100m – 200m and all stream habitats were
sampled (i.e., riffles, runs, pools).
Round Gobies were euthanized in MS-222 and preserved in 10% formalin (IACUC# 46941)
within an hour of collection to prevent further digestion of stomach contents. After two weeks, they were
rinsed and transferred to 70% ethanol. Total length (nose tip to caudal tip length) of each fish was taken,
and stomachs removed for analysis. Contents posterior to the stomach were not included in diet analysis
because they could not be reliably counted and identified (Cordes and Page, 1980). Where partially
digested organisms occurred, head capsules were counted as a single whole organism (especially for
chironomids). Fish that had no identifiable stomach contents or empty stomachs were removed from the
sample. Fish smaller than 30mm were also excluded from the sample because they were too small for
stomach removal and gut identification.
Round Gobies were separated into four size classes (30-44mm; 45-59mm; 60-74mm; > 75mm) for
analysis, which was the same size breakdown as Phillips et al., 2003 for Round Gobies in Pennsylvania
tributaries to Lake Erie. We determined the percentage of taxa, average number of individuals in each
stomach, and total number of fish with that taxa in the stomach. We employed a one-way ANOVA
(p<0.05) to examine the effect of size classes of Round Gobies on consumption of unionids and used a
Tukey test (p<0.05) to identify significant differences. Lastly, we used a linear regression on abundance
of sphaeriids found in the stomach contents versus size class.
Microhabitat Partitioning
Six sites were selected in the French Creek Watershed to be surveyed in 2016 and 2017. An ideal site
would be characterized by a shallow riffle that is deep enough to effectively snorkel (greater than 10 cm).
Site selections were made using a combination of reports from PA DEP and PFBC, previous fish
collections, and ease of access (including stream conditions). Three of the sites were known to have
Round Gobies present and the other 3 sites were assumed to not have Round Gobies present. The
assumption of presence/absence was determined by seining and electrofishing a 100m stretch of the
stream approximately one day before performing the survey.
While performing the snorkel surveys at each site, abiotic microhabitat data was gathered at 5
random places along the starting line, finish line, and along each sub-transect so that each site could be
characterized and compared to each other. This gave me a total of 20 observations of the bottom flow,
maximum flow, depth, and substrate index. Using principal component analysis the abiotic variables
measured at these sites were compared to each other and were found to have no significant differences.
Since the sites were not shown to be significantly different, the data collected at each site was pooled and
differences in habitat choices was compared between sites with Round Gobies present and sites with
Round Gobies absent. No data was collected that could control for between-year differences so
observations from 2016 and 2017 were compared independently.
The following sampling methods were adapted from several studies regarding the microhabitat
partitioning of benthic fishes (Stauffer et al., 1996; van Snik Gray & Stauffer, 1999).
A plot 25 m in length encompassing the entire width of the stream was chosen at each site to be
surveyed. One exception to this was at the Moore Road bridge site because the width was less than 10m.
To compensate, the length was doubled to 50 m, which allowed all available habitats to be surveyed.
The placement of the transect was done using my best judgment to encompass all available habitat
types. Rebar stakes (3/8” diameter x 24”) were driven into the bank at each corner of the sampling site,
the 10 m mark, and the 20 m mark. This broke the sample plot into two 10m subplots and one 5 m subplot
each spanning the width of the stream. A string was tied to each rebar stake and stretched across the
stream above the water to visualize the subplots.

Once the site was delimited, several crew members (2 to 3 depending on the width of the stream)
snorkeled beginning at the downstream subplot. Each time a darter or Round Goby was encountered a
numbered flag would be anchored securely in the exact position of the fish. The following parameters
would be recorded on a 10.16 cm PVC coupler worn around the crew members arm: Flag number,
Species, orientation in the stream bed (upstream, downstream, towards right or left bank), and above or
below a rock or log. At the upstream border of each subplot, the snorkeler would take time to record
information on the PVC coupler onto a waterproof data sheet.
Once the snorkelers completed a subplot, a separate crew would visit every flag and record the
following parameters: flag number, depth, water velocity (bottom and 6/10), substrate composition. The
measured variables were then aggregated into a master data sheet for each site where each flag represents
an individual with all the variables of the observation event. Depth and water velocity were taken using a
bulb type flow meter attached to a graduated stick and measured to the nearest centimeter. In order to
characterize the substrate a 25 x 25 cm piece of Plexiglas was divided into 5 x 5 cm sub quadrats using a
permanent marker. This was then laid directly over the stream bottom and the substrate was characterized
based on the number of 5 x 5 cm squares occupied by different substrate size classes. Once a 5 x 5 square
was deemed occupied by one member of the substrate it is excluded from the rest of the counts. A
substrate index was calculated using the methods established by van Snik & Stauffer (1999) using the
following formula where N=number of squares occupied, x = category of substrate.
25
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1

This index resulted in a score from 25-625. For example, if 1 large boulder took up the entire 25 squares
the score would be (1 x 25) resulting in a score of 625. If the substrate was made up of a mix of stones
and gravel where 2 stones took up 6 squares each and 3 stones took up 3 squares each and the rest of the
squares were made up of gravel, the score would be (2 x 6²) + (3 x 3²) + (4 x 1²) resulting in a score of
103 . If small gravel in which each member of the substrate only occupied 1 or less squares the score
would be (25 x 1²) resulting in score of 25. This index was chosen in order to give clearer distinctions in
the categories when observing differences in the choice of substrate size.
Principal component analysis was used to test for significant differences in species’ habitat
preferences both within sites and across sites based on the presence or absence of the Round Goby.
5.0 Results & Discussion
Since the 2014 discovery in Lake LeBoeuf, the Round Goby expanded its range every year. In the
fall of 2014, technicians from the Pennsylvania Department of Environmental Protection (PA DEP)
sampled extensively in LeBoeuf Creek and were unable to find any Gobies downstream of the bridge at
Moore Rd. south of Waterford, PA (Mueller et al., 2017; Bradshaw-Wilson personal comm.). In the
summer of 2015, we visited LeBoeuf Creek and found Round Gobies well established in all life stages
throughout the remainder of LeBoeuf Creek and discovered 1 large breeding male in French Creek
(Mueller et al., 2017). This was a range expansion of approximately 1 km. In the summer of 2016, Round
Gobies had expanded just 400 m downstream from their 2015 range. In 2017, after extensive sampling
several Round Gobies were found approximately 650 m downstream from their 2016 range and were not
collected in high numbers.
In other lotic systems, Round Gobies average a downstream dispersal rate of approximately 9km/year
(Brownscombe et al., 2012). Since their 2015 arrival to French Creek, the Round Goby has only spread 1
km. The diverse community of benthic fishes may be acting to offer resiliency, or stability, to the French
Creek ecosystem (Ives et al., 2000). Ecological resiliency is the ability for an ecosystem to resist changes
to disturbances (Holling, 1973). It has been shown that species richness can offer ecological resilience to
an ecosystem (Peterson et al., 1998). If a disturbance is greater than the ability for the ecosystem to
withstand there will be a shift in the ecological processes within that ecosystem (Holling, 1986; Chaffin et
al., 2016). For this project I attempt to observe these shifts by comparing the micro-habitat choices of

benthic fishes at sites occupied by the Round Goby to those that are not. If there are no observable shifts
in habitat choices this may be evidence of ecological resiliency.
Diet
Round Goby diet analysis was based on 177 fish; 15 fish were not included in analysis due to
empty stomachs or fully digested organisms that could not be identified. Round Gobies consumed both
benthic aquatic macroinvertebrates, unionid mussels, and sphaeriids (Table 1). Chironomids comprised a
large percentage (greater than 24%) in all size classes (Table 1). Chironomids were found in the highest
number of individual fish and largest averages in all size classes except size class 1. Size class 2 had the
highest percentage (75.68%) (Table 1). Round Gobies in size class 1 (30-44mm) consumed significantly
higher numbers of unionids (p<0.01) compared to all other size classes (Table 1; Figure 2). Thirty-four of
the 44 fish in this size class had unionids in the stomach contents with an average of 32.9 individuals/fish.
Size class 4 had the lowest number of unionid consumed, however, this group had the highest percentage
of sphaeriids and consumption increased with size (Table 1; R2=0.72). Ephemeropterans and
Trichopterans were also consumed, but at much lower percentages to bivalves and chironomids.
When compared to other diet studies of Round Gobies (Kornis et al., 2012; Johnson et al., 2005;
Ray and Corkum, 1997; Stauffer et al., 2016), this is the first to document stomach contents of Round
Gobies in a watershed with such a rich faunal diversity. This is the published report of Round Gobies
eating unionids. Poos et al. (2010) indicated mussel species suspected of endangerment, many of which
are found within LeBoeuf Creek and the main stem of French Creek (Kyle Clark unpublished data).
Rayed Bean mussels are small (mean size 20mm) and have also been suspected of direct consumption
(Poos et al., 2010). In both 2016 and July 2017, collections of all darter species listed above were
identified at the LeBoeuf Creek. While Round Gobies are not only directly consuming native mussels,
these mussels may be under additional pressure if their host fish populations decline as a result of
competition with Round Gobies (Poos et al., 2010; Chotkowski and Marsden, 1999; French et al., 2001;
Lauer et al., 2004; Kornis et al., 2012;). The identification of unionid mussel to species from stomachs of
Round Gobies was impossible under a dissection scope; therefore genetic analysis on stomach contents
would give valuable insight into which species of mussel are being consumed directly.
In a laboratory study, Ray and Corkum (1997) determined that gut length and capacity of Round
Gobies affected the number of zebra mussels consumed. They determined that because all guts were not
100% filled, smaller gobies may hold more zebra mussels. This is also a possibility in the current study,
where size class 1 had a significant more unionids than any of the other size classes. In addition,
increased consumption of sphaeriids as Round Goby size increases is probably attributed to larger gape
size and ability to physically fit larger bivalves into their mouths. Ray and Corkum (1997) also found a
significant positive relationship between gape size and standard length of Round Gobies. The glochidia
consumed of unionids were much smaller than sphaeriids, which supports consumption of small glochidia
in size class 1 and highest consumption of sphaeriids in size class 4. Furthermore, it is not uncommon
that chironomids comprised such a large portion of diets for all size classes. In Pennsylvanian tributaries
to Lake Erie, Phillips et al., 2004 showed that chironomids were the most important food item for all size
classes while breadth of food items changed. Stauffer et al., 2016 also found a positive electivity index for
Round Goby consumption of chironomids in Elk Creek (Lake Erie, Pennsylvania). In lotic systems
worldwide, chironomids are typically abundant prey items that may account for half the number of
macroinvertebrates present (Martin 1984; Alford and Beckett, 2007; Hlohowskyj and White, 1983).
Chironomids are also a small prey item with mature larvae ranging from 2 to 30mm (Merritt et al., 2008)
making them easy prey for many insectivorous fishes, including Round Gobies.
Another threat to unionids in French Creek are introductions of dressenid mussels (Zebra or
Quagga mussels). Zebra mussels are known to exist in the watershed, particularly Edinboro Lake where
they were first documented in 2000 (PA DEP 2000). Zebra Mussels have been collected in French Creek
as well, although not in large numbers, rather individuals thought to have washed down from parent

populations (Smith and Crabtree, 2010). Due to French Creek’s shallow and rapid flow in many areas, it
is projected that Zebra Mussels may never establish in many of the stream portions of the watershed
(Smith and Crabtree, 2010), but lakes and ponds are a continued risk. With the potential spread of both
Zebra Mussels and Round Gobies, native unionid mussels continue to be a high conservation priority in
the area.

Table 1: Stomach contents of Round Gobies collected from four locations during 2016 and 2017. Fish are separated into four size classes for
analysis. Percentage of each taxa consumed, average number of individual taxa found within stomach and number of fish with each taxa were
determined.
Size Class
1

Size
Class 2
4559mm
n = 46

30-44mm
n = 44

Taxa
Consumed
Amphipoda
Cladocera
Coleoptera

Diptera

Ephemeroptera

Fish eggs
Gastropoda

Gammaridae
Daphnia
n/a
Dysticidae
Elmidae (adult)
Elmidae (larva)
Haliplidae
Psphenidae
Pspheridae
n/a
Ceratopgonidae
Chironmidae
Simuliidae
Tipulidae
n/a
Ephemeridae
Heptageniidae
Polymitarcyidae
n/a
n/a

Percent

Average

# Fish With
Taxa in
Stomach

0.06%
0.38%
0.06%
24.92%
0.19%
0.06%
-

1.6
1.5
1
11.8
1
1
-

6
4
1
33
3
1
-

Percent
0.43%
0.01%
0.14%
0.57%
0.14%
0.43%
75.68%
0.14%
1.29%
1.00%
0.14%
0.72%
-

Size
Class 3
6074mm
n = 50

Size
Class 4
≥75mm

Average

# Fish
With
Taxa in
Stomach

Percent

Average

# Fish
With
Taxa in
Stomach

1
4
1
2
1
3
13.21
1
1.8
1.75
1
5
-

3
1
1
2
1
1
41
1
5
4
1
1
-

1.02%
0.58%
0.14%
3.49%
0.14%
0.14%
60.17%
0.15%
1.31%
1.02%
1.60%
2.03%

1.6
4
1
2
1
1
11.8
1
1.5
3.5
1.83
3.5

6
1
1
12
1
1
35
1
6
2
6
4

Percent

Average

# Fish
With
Taxa in
Stomach

3.30%
0.30%
1.20%
1.20%
0.60%

2.75
1
2
4
1
1
5.16
1.6
1
1.25
4.5

4
1
2
1
2
1
19
6
1
4
9

0.30%
29.43%
3.00%
0.30%
1.50%
12.31%

Table 1 Continued

Hemiptera
Hydracarina
Isopoda
Megaloptera
Odonata
Plecoptera

Trichoptera

Corixidae
Arrenuridea
Asellus
Sialidae
n/a
Gomphidae
n/a
Caniidae
Chloropermidae
n/a
Brachycentridae
Helicopsychidae
Hydropsychidae
Hydroptilidae
Leptoceridae
Polxcentropodidae
Unionidae
Sphaeriidae

Unionoida
Veneroida
Terrestrial
Insect
n/a
Unidentified Insects

0.13%
0.06%
0.06%
0.25%
0.13%
0.25%
0.76%
0.13%
71.19%
0.19%

1
1
1
1.3
2
1.3
1.5
1
32.9
1

2
1
1
3
1
3
8
2
34
3

1.72%
1.00%
0.14%
0.29%
0.43%
5.15%
0.14%
9.30%
0.14%

1.3
2.3
1
1
1
3.27
1
5.41
1

9
2
1
2
3
11
1
12
1

0.44%
0.73%
2.33%
0.15%
0.87%
1.02%
4.94%
14.10%
2.33%

3
5
4
1
1.2
1.75
2.43
5.2
1.7

1
1
4
1
5
4
14
20
9

0.90%
0.30%
0.30%
0.30%
0.30%
0.60%
2.70%
0.30%
1.20%
2.70%
0.60%
0.60%
7.81%
25.23%

1.5
1
1
1
1
2
2.25
1
1
2.25
2
1
3.25
4.42

2
1
1
1
1
1
4
1
4
4
1
2
8
19

0.57%

1.125

7

0.14%
0.57%

1
1

1
4

0.58%
0.58%

1.33
1

3
4

1.50%
1.20%

1.25
1.33

4
3

Microhabitat Partitioning
Across the six sites that were snorkel surveyed, Round Gobies were observed at three. Etheostoma
zonale and Etheostoma blennioides were consistently observed at high numbers across all sites. When
comparing sites where Round Gobies were present with those where they are absent, statistically
significant shifts (p<0.0001) in micro-habitat choices were observed in Etheostoma zonale (Fig 1) and
Etheostoma blennioides (Fig 2). These shifts in choices were driven most heavily by bottom and
maximum water velocity. Round Gobies were observed in micro-habitats that had an average water
velocity of 0.04 m/s. At sites that were devoid of gobies E. zonale was found in an average water velocity
of 0.32 m/s, at sites that gobies were present E. zonale was found in an average water velocity of 0.19
m/s. Etheostoma blennioides was observed to inhabit average water velocities of 0.30 m/s at sites where
gobies were absent, compared with average of 0.16 m/s where gobies were present. Round Gobies on
average inhabit much slower water than darters at uninvaded sites (0.04 m/s versus 0.31 m/s) When
Round Gobies are present both E. zonale and E. blennioides shift to slower water. This shift to slower
water may be due to the exclusion of certain darters from the extremely slow water by the Round Goby.
Species such as Etheostoma variatum, a large darter, may be shifted to faster water which in turn excludes
E. zonale and E. blennioides from their preferred micro-habitat.

Figure 1 - PCA plot of habitat choices of Etheostoma zonale at sites that are devoid of Neogobius
melanostomus shown in pink, and habitat choices of E. zonale at sites that are occupied by N.

melanostomus shown in blue. Principal component 1 accounted for 30.43% of the variance and was
most heavily influenced by bottom water velocity and maximum water velocity. Principal
component 2 accounted for 16.80% of the variance and was most heavily influenced by substrate
composition and position in the stream.

Figure 2 - PCA plot of habitat choices of Etheostoma blennioides at sites that are devoid of
Neogobius melanostomus shown in pink, and habitat choices of E. blennioides at sites that are
occupied by N. melanostomus shown in green. Principal component 1 accounted for 38.23% of the
variance and was most heavily influenced by bottom water velocity and maximum water velocity.
Principal component 2 accounted for 16.05% of the variance and was most heavily influenced by
substrate composition and position in the stream.
6.0 Conclusions
This research was critical as a first of many, and acted as a baseline study, in determining the
impacts of Round Gobies in a watershed outside of the Lake Erie basin in Pennsylvania. Before any
management can take place, it was imperative to determine the distribution, rate of range expansion and
impacts to native fauna. The best management action for Round Goby invasion by far is prevention for
new introductions, however, it is inevitable that their range will expand throughout the watershed and into
the Allegheny and Ohio Rivers. This research serves as an important guide for Round Goby introduction
in a highly diverse stream system, the first documented case of unionid mussel consumption and
reinforces negative consequences to other benthic fauna, particularly darters.

7.0 Future Research
The current study has prompted new research with regard to the impacts of Round Gobies in French
Creek. We are now conducting genetic analysis on stomach contents of Round Gobies to determine
which species of mussels are being consumed. In addition, artificial streams located at Penn State being
used determine whether Round Gobies can be used as a suitable host for any native mussels. Lastly, work
is being conducted on whether Round Gobies are using larval drift as a means for range expansion.
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9.0 Appendix A: Metrics
 Undergraduate and Graduate Student Support:
o Allegheny College Undergraduate Students
 Hannah Eisemann; Graduated May 2017 with B.S. in Environmental Science;
Currently a M.S. student at James Madison University for Biology (focus on
Freshwater Ecology)
 Allyson Wood; Anticipated Graduation May 2019 with B.S. in Environmental
Science; future plans include Graduate School
 Ivy Ryan; Anticipated Graduation May 2019 with a B.S. in Environmental
Science
 Samantha Williams; Anticipated Graduation December 2020 with a B.S. in
Environmental Science; future plans include Environmental Education &
Environmental Film-making
o Penn State Undergraduate Students
 Drew Bucha – Prospective PSU Undergraduate Student
 Cameron Cody – Prospective PSU Undergraduate Student
 Zachary Scrobola – Undergraduate student in Wildlife and Fisheries Science
working in Stauffer Lab; future plans include a M.S. degree in Fisheries Science.


Faculty and Staff Support:
 Casey Bradshaw-Wilson, Ph.D.; Allegheny College; 0.08 FTE (1 month)
 Jay Stauffer, Jr., Ph.D.; Penn State University; 0.08 FTE (1 month)
 Josh Wisor, M.S.; Penn State University; 0.08 FTE (1 month)
 Sara Mueller, M.S.; Penn State University 0.04 FTE (2 weeks)
 Kyle Clark 0.08 (1 months)



Publications:

o

BRADSHAW-WILSON C., STAUFFER JR., J., WISOR, J., CLARK, K. AND S.
MUELLER. 2018. Documentation of Freshwater Mussels (Unionidae) in the Diet of
Round Gobies (Neogobius melanostomus) within the French Creek Watershed,
Pennsylvania. American Midland Naturalist. In press.

o

MUELLER, S., J. STAUFFER, J. WISOR and C. BRADSHAW-WILSON. 2017.
Expansion of the invasive Round Goby (Neogobius melanostomus) into Allegheny River
tributaries: LeBoeuf and French creeks in Pennsylvania. J Pa Acad Sci., 91(2): 105-

o

WISOR, J. 2018. The invasion of the Round Goby (Neogobius melanostomus) and its
effect on the habitat partitioning of benthic fishes in French Creek. A Thesis in Wildlife
and Fisheries Science (master’s thesis). The Pennsylvania State University.

o

Please see list of public presentations and titles under section “Public and Professional
Presentations”



Volunteer Hours:


Allegheny College Undergraduate Students



Number of Students: 2; Number of Hours: 40/person



Public and professional presentations, and attendees:
 URSCA: Allegheny College Undergraduate Research
 Determining the Presence and Possible Effects of Round Gobies
(Neogobius melanostomus) in the French Creek Watershed on Native
Benthic Fishes
 Presenters (Oral): Hannah Eisemann, Allyson Wood & C. BradshawWilson
 Allegheny College; September 2016; 50 Attendees
 RSC Annual Symposium
 Determining the Presence and Possible Effects of Round Gobies
(Neogobius melanostomus) in the French Creek Watershed on Native
Benthic Fishes
 Presenters (Oral): Hannah Eisemann, Allyson Wood & C. BradshawWilson
 Erie, PA; November 2016; ~100 Attendees
 Sigma Xi
 Determining the Presence and Possible Effects of Round Gobies
(Neogobius melanostomus) in the French Creek Watershed on Native
Benthic Fishes
 Presenters (Oral): Hannah Eisemann, Allyson Wood & C. BradshawWilson
 Penn State Behrend; Erie, PA; April 2016; ~300 attendees
 Binational Great Lakes AIS Forum
 Status of Round Gobies within the French Creek Watershed and
Potential Impacts to Native Fauna
 Presenter (Oral): C. Bradshaw-Wilson
 Erie, PA; June 2016; Attendees: ~150
 Pennsylvania American Fishery Society: 2018 Spring Technical Meeting
 Determination of Diet Overlap Among Round Gobies and Native
Benthic Fishes in the French Creek Watershed
 Presenters (Poster) : Ivy Ryan & C. Bradshaw-Wilson
 Williamsport, PA; February 2018; Attendees: ~200
 Upper Mid-west Invasive Species Conference
 Range Expansion and Diet of Round Gobies in Streams of Northwestern
PA
 Presenter (Oral): C. Bradshaw-Wilson
 Rochester, MN; October 2018; Attendees: ~1000



Project Collaborators: Include a list of any collaborators other than the PI and Co-PI
institutions.
o Kyle Clark, M.S.; Penn State University
o Sara Mueller, Ph.D. Candidate.; Penn State University

9.1 Appendix B: Impact and/or Accomplishment Statement(s)
 Impact statements
o The Nature Conservancy has recognized the French Creek watershed as “one of
America’s last great places,” based on its species richness, abundance and relatively
unaltered habitat throughout history. Round Gobies pose a threat to native mussels, both
directly through consumption of glochidia and indirectly through host decline.
Understanding the consequences of the introduction of the Round Goby on unionids is
critical to enhancing conservation and management efforts.
o With the newfound invasion of the Round Goby in French Creek we should become
increasingly aware of the potential harm these fish can cause. While the biodiversity of
French Creek is at risk, this alone can sometimes be difficult to motivate the public (or
those in a position to make a difference) to act. Our findings give both agencies and
educators tools to use in education and outreach to help prevent further introductions.
o We have shown that the Round Goby can persist and spread in French Creek which has a
diverse fish community to buffer the incoming invasion. As Round Gobies continue to
move downstream, other drainages including the Allegheny, Ohio and Mississippi River
are also threatened by Round Gobies. This project helped us to understand range
expansion time frames, early impacts to native fauna and behavior of fishes in the
presence of Round Gobies. These findings are all critical when implementing any type of
management and prevention tactics for new introductions.


Accomplishment statements
o This research had produced publications that are of national and international
significance, especially in the field of aquatic invasion biology. We have also educated
not only northwestern Pennsylvania about the implications of Round Goby invasion
throughout French Creek, but provided significant data to act as a baseline for further
Round Goby movement into other watersheds. The study further provided information
that we used to secure additional funding (see above).
o The upper Allegheny River, including French Creek is the northeastern limit to the
Mississippi River (via the Ohio River). Its diverse fauna was derived from the Atlantic
Slope drainages via stream captures with the Susquehanna River, the Great Lakes
drainages via glacier meltwater, and the Mississippi River via the old Teays River
system. As such it harbors the most diverse fish and mussel fauna in northeastern North
America. Many of these species are listed as threatened or endangered at the state or
federal level. In addition, many of these species, although they occur elsewhere in the
Mississippi River drainage, have fragmented range; as such there is no connectivity
among the populations. As such these faunas are unique and vulnerable to the impacts of
introduced species sensu the Round Goby.

9.2 Addendum To Match Funds
o One month salary for C. Bradshaw-Wilson was added in the final invoice for match
funds. This work was completed in late summer and early fall 2018 to finalize data
collection and analysis for the current project.

