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ABSTRACT 
 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. 
Chironomids comprised a large percentage (greater than 24%) in all size classes. Chironomids 
were found in the highest number of individual fish and largest averages in all size classes except 
size class 1. Results indicated that there was not a significant relationship between fish species 
diversity and mussel species diversity (p = 0.4519, t = -0.81536; df = 5). Likewise, the 
relationship between mussel diversity and substrate index values were analyzed by using 
Pearson’s correlation test. Results indicated that there was a significant relationship between 
mussel diversity and substrate index values (p = 0.04766, t = -2.6101; df = 5). The stomachs of 
39 Round Gobies were analyzed using genomic techniques. Of those assessed, two tested 
positive for unionid DNA. The DNA of Alasmidonta marginata was present in the stomachs of 
both individuals. While A. marginata comprised the greatest proportion of the sequence reads 93 
and 99% respecitively, 7% of the sequence reads mapped to Vilosia fabilis for one individual and 
1% mapped to Fusconaia rotunda for the other. Vilosia fabilis is both federally and state 
endangered.  
  



INTRODUCTION 
 The introduction and spread of non-native species is one the most damaging anthropogenic 
impacts on biodiversity today. The Round Goby, Neogobius melanostomus, is a small benthic 
fish native to the Sea of Azov, the Caspian Sea, the Black Sea, and the Sea of Marmara 
(Charlebois et al. 1997). In North America, Round Gobies were first discovered by anglers in the 
Laurentian Great Lakes in 1990 in the St. Clair River at Saran, Ontario where they are assumed 
to have been introduced by ballast waters of freighters (Jude et al. 1992, Charlebois et al. 1997). 
Its introduction in the United States has already greatly disrupted aquatic systems in the Great 
Lakes region, with substantial ecological and economic impacts on fisheries. Native fish 
communities in this region have been irreparably harmed by the introductions, both accidental 
and intentional, of exotic species (Jude et al. 1995). Infamous piscine invaders such as Sea 
Lampreys (Petromyzon marinus), Alewives (Alosa pseudoharengus), and Rainbow Smelt 
(Osmerus mordax) have had cascading detrimental effects on the native biota of the Great Lakes 
region (Fuller et al. 1999, Jude et al. 1995). The most recent round of aquatic invaders that have 
impacted the integrity of the Great Lakes are mainly Pontio-Caspian natives including two 
bivalve species: the Zebra Mussel (Dressnia polymorpha), the Quagga Mussel (Dressnia 
bugenis), and several piscine species including the Tubenose Goby (Proterorhinus marmoratus), 
and the Round Goby (Neogobius melanostomus). Of the recent fish introductions, Round Gobies 
are the most prolific and widespread. The first Round Goby was found in Pennsylvania (PA) 
during a trawl in Lake Erie by the PA Fish and Boat Commission in 1996 (Stauffer et al. 2016a). 
A decade later, Round Gobies are now the dominant benthic fish in many of the tributary streams 
in the Pennsylvanian waters of Lake Erie.  
 The ability of the Round Goby to adapt to a variety of habitats and environmental 
conditions poses a large threat to native fishes and macroinvertebrate communities. Research 
implicates them in the extirpation of the mottled sculpin (Cottus bairdi) and the eastern sand 
darter (Ammocrypta pellucida), and the decline of the Johnny (Etheostoma nigrum) and Iowa 
darters (Etheostoma exile) (Jansen and Jude 2001, Dubs and Corkum 1996, Stauffer et al. 
2016a). In New York tributaries to Lake Erie where Round Gobies are now found, native darters 
(Etheostomatinii) are absent (Reid and Mandrak 2008). Research indicates that Round Gobies 
disperse widely in streams where they are introduced, and that their introduction elicits diet and 
habitat shifts in native darters (Gray et al. 1999, 2005; Stauffer et al. 2016). 
 Aquatic invasive species have typically been documented and observed after their 
colonization of particular systems. For example, when the Round Goby was first observed in the 
tributaries of Lake Erie, it was already the dominant benthic fish. At this time, we are in the 
unique scientific situation of having observed the very first invasion front of the Round Goby in 
French Creek via our recent prior research (with support from PA SeaGrant to coinvestigator 
Stauffer). The new presence of Round Gobies in the French Creek area represents an expansion 
of the Round Goby from the Great Lakes Watershed into the headwaters of the Mississippi River 
watershed – the largest river basin in the United States. Given the previous research conducted 
(by our and our research groups) in this region, we have extensive background data on aquatic 
community structure and water quality, long-term before the arrival of this exotic species. 
Therefore, the discovery of the Round Goby invasion into the French Creek watershed, PA in 
August 2016 affords us the unprecedented opportunity to conduct innovative research to quantify 
physical, chemical, and biological changes in the French Creek ecosystem associated with the 
dispersal of the Round Goby. We aim to trace its speed of dispersal and impacts on aquatic 
communities.  



 Due to its unique and rich biodiversity and outstanding water quality, French Creek is 
identified as a globally significant watershed. We expect that the Round Goby will disperse 
rapidly downstream through the stream/river network, changing both aquatic life and water 
quality. The fact that we have background data before the invasion, and have quantified the 
invasion front, affords us the unprecedented opportunity to trace the Round Goby’s speed and 
pattern of dispersal; and to quantify its impacts on aquatic communities and food chains. The 
main objective of this study was to determine how the invasive Round Goby affects the unique 
and diverse aquatic communities in the French Creek Watershed.  
 The discovery of Round Gobies in the French Creek watershed, which is located in the 
Upper Allegheny River basin (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 and amphipods are primary food items for stream-dwelling Round Gobies (Phillips 
et al., 2003; Copp et al/, 2008 Stauffer et al., 2016; Pennuto et al., 2010). 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 
(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. 
 

METHODS 
 



 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 grouping as Phillips et al., 2003 for Round Gobies 
in Pennsylvanian 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.  
 Data were collected at eight locations (2 sites with round gobies present; 6 sites without 
Round Gobies) throughout the French Creek watershed from July through September of 2017. 
These sites were chosen based on accessibility and exploratory surveys. The site located in 
LeBouef Creek was at 41.909378, -79.986292 (Moore Road). In French Creek, site locations 
were at 41.908119, -79.896937 (Route 97), 41.902636, -79.885662 (South Branch of French 
Creek), 41.902478, -79.972964 (Flatts Road), 41.893676, -79.989660 (French Creek Road), 
41.860152, -79.993280 (Mystic Road), 41.771697, -80.1084469 (Venango), and 41.693969, -
80.161017(Saegertown). Sample survey methods for mussels were developed using basic survey 
principles outlined by the U.S. Fish and Wildlife Service (USFWS 2005). A team of researchers 
sampled mussels by establishing 10m by 20m quadrats using rebar and nylon rope. The number 
of quadrats used at each site was dependent on the width of the stream. For sites 20m to 39m 
wide, one quadrat was implemented. For sites that were 40m to 79m wide, two quadrats were 
implemented. These larger quadrats were then subdivided into (50) 2m by 2m sub-quadrats using 
lengths of nylon rope and 20cm galvanized nails. A sub-sample of five sub-quadrats were 
sampled in a diagonal fashion across the streambed, so that a variety of habitats and flow 
regimes were sampled.  
 Two surveyors snorkeled each 2m-by-2m square with no time-restriction. Surface debris 
were disturbed, and surveyors excavated substrate until they reached clay, collecting freshwater 
mussels as they went. All mussels collected were placed in mesh laundry bags carried by each 
surveyor. Once the sub-quadrat was completely excavated, freshwater mussels were brought to 
the stream bank and were placed in marked bins for processing. Freshwater mussels were 
identified to species level, a length measurement taken, and all mussels were marked with color 
coded tags before being returned to their respective sub-quadrats.  



 Additionally, to document the physical parameters at each site, we determined substrate 
composition at all stations. Substrates were collected using a plastic ring with a known area of 
201cm. This plastic ring was placed on the stream bed and substrate was removed from within 
the ring until a clay layer was reached. Once a clay layer had been reached, a depth measurement 
was taken so a total volume of each sample could be determined. Samples were taken from each 
2m x 2m square sampled at each site. All excavated material was collected in individually 
marked containers and transported back to the lab to be analyzed.  
 Substrate samples were placed in 20cm x 20cm x 5cm metal trays and placed in a Fisher 
Scientific Isotemp oven at 76º C to dry. As soon as samples were dried, they were individually 
separated through a series of nested U.S.A. standard testing sieves. Sieve sizes, in descending 
order, were: 16mm, 12.7mm, 8mm, 4mm, 3.35mm, 2.38mm, 2mm, 1.68mm, 1.4mm, 1.19mm, 
1mm, 500µm, 250µm. After samples had been sieved, each particle size class was weighed on a 
digital scale and the weight was recorded in grams. Once each size class had been weighed, the 
weights were totaled. Raw data for substrate particle size classes were documented in Clark 
(2018). 
 Substrate utilized by mussels at each site was determined to examine the relationship 
between substrate composition and mussel occupancy. Surface substrate index values were 
quantified using a 25cm x 25cm acrylic sheet marked with a grid of 25, 5 cm x 5cm squares. 
Surveyors’ randomly selected three points in each sub-quadrate sampled during the study and 
placed flags at these positions. The center of the acrylic board was positioned over the flag’s 
location, and the number of 5 cm x 5 cm squares covered by each rock was recorded (Gray and 
Stauffer 1998; Gray et al. 2005). Twenty-five categories of rock sizes were possible (R) and each 
category was a unique number of squares that a given rock occupied (Gray and Stauffer 1998; 
Gray et al. 2005). Given this sampling method, the surface substrate size in a 25cm x 25cm area 
around each flag was quantified (Gray and Stauffer 1998; Gray et al. 2005). The substrate index 
value (I) was determined by the sum of the number of rocks (n) observed in each category 
multiplied by the category squared; 𝐼𝐼 = ∑𝑛𝑛𝑅𝑅2 (Gray and Stauffer 1998; Gray et al. 2005). 
Therefore, the index values range from 25 to 625 and increases with substrate size (Gray and 
Stauffer 1998; Gray et al. 2005).  
 The number of host species and mussel species for each site were ranked using Brillion 
Diversity indices to compare these communities across the sample sites. Diversity values were 
based on 21 mussel species, 65 fish species, and 2 salamander species across the eight sample 
sites. Substrate index values were based on 45 substrate samples (5 per quadrat) across the eight 
sample sites. During the duration of the study, no freshwater mussel species were observed at the 
South Branch of French Creek site. This site was removed from the analysis as it was acting as 
an outlier. The relationship between mussel diversity and host availability was analyzed using 
Pearson’s correlation test. 
 USGS developed a degenerate primer set targeting the mitochondrial cytochrome c oxidase 
I gene (COI) based on the consensus sequence of 25 species of unionids inhabiting French 
Creek. This primer set covers a region of the COI gene ~300 base pairs in length. Genomic DNA 
was extracted from stomach samples with the Zymo Research ZymoBIOMICSTM 96 MagBead 
DNA Kit (San Diego, CA) following the manufacturer’s protocols. Next-generation sequencing 
was performed on the Illumina MiSeq platform to observe species-specific sequences and 
determine the diet of the Round Goby and darters. Bioinformatics were performed using the 
CLC Genomics Workbench v20.0.4 with reads annotated and relative abundance determined 
using a curated, custom reference library.  



 
RESULTS AND DISCUSSION 

 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; Fig. 1). 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. 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 
LeBoeuf Creek. While Round Gobies are not only directly consuming native mussels, but these 
mussels may also 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 of unionids that 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. Additional laboratory studies by Kyle et al. (in preparation) 
documented that in artificial streams Round Goby consumed unionid mussels. 
 Results indicated that there was not a significant relationship between fish species diversity 
and mussel species diversity (p = 0.4519, t = -0.81536; df = 5) (Fig. 2). Likewise, the 
relationship between mussel diversity and substrate index values were analyzed by using 
Pearson’s correlation test. Results indicated that there was a significant relationship between 
mussel diversity and substrate index values (p = 0.04766, t = -2.6101; df = 5) (Fig. 3).  
 Population estimates for all species across the sample sites were calculated using the Jolly-
Serber model in R (Jolly 1965; Seber 1965; R Core Team 2020; Wickham et al. 2020; Ogle 
2021). Population estimates were based on 1731 mussels comprised of 21 different species. 
Population estimates and survival rates are reported for each species across all sample sites in 
tables 1-7. Population estimates, and survival rates could not be estimated for species that had 
less than 10 observations. These species are denoted with an asterisk and the true values for 
number of extant marks and number of individuals observed are reported. During the sampling 
duration, no mussels were observed at the south branch of French Creek sample site. 
 The stomachs of 39 Round Gobies were analyzed. Of those assessed, two tested positive 
for unionid DNA. The DNA of Alasmidonta marginata was present in the stomachs of both 
individuals. While A. marginata comprised the greatest proportion of the sequence reads 93 and 
99% respecitively, 7% of the sequence reads mapped to Vilosia fabilis for one individual and 1% 
mapped to Fusconaia rotunda for the other. Vilosia fabilis is both federally and state endangered. 
Additionally, fives darter individuals tested positive for unionid DNA with A. marginata 
comprised the greatest proportion of the sequence reads. 
 
Potential Applications, Benefits, and Impacts 
 These baseline data of freshwater mussel abundances and distributions prior to the invasion 
of the round goby in French Creek set the stage for continuing studies. We were fortunate to 
have known the exact location for round goby presence and invasion front, which allowed us to 
collect these data. This information, coupled with the prior work done on French Creek mussels 
(Smith & Crabtree 2009; Smith & Crabtree 2010), will allow future resource managers to 
understand how this invasion and future management actions will affect the freshwater mussel 
populations of French Creek. These baseline data will be essential to any future management 
actions as they will provide invaluable insight on the system prior to the invasion and will 
provide managers with: 1-Insight for establishing priority areas and planning; 2-Insight on where 
the system started; 3- The ability to assess change over time; 4- The ability to maintain 
accountability; 5- The ability to promote stakeholder participation serving as a catalyst for 
discussion; 6- A justification for policy makers and donors.  
 The data collected during the study will become more valuable to researchers as more 
developments occur. Researchers will have the ability to look back at this data and mine 
information that was unavailable when the study was conducted. For example, as advancements 
in length-specific growth age estimating techniques occur, we could gain a better understanding 
of population age structure of mussel beds in French Creek at the time of collection and look at 
how this age structure changes over time. Further, these data can be expanded upon when 
looking at what factors or combination of factors limit available mussel habitat.  
 While the mussel diversity in North America is the greatest in the world, (300 recognized 
species) this group of organisms are being subjected to a multitude of different threats that are 
driving them ever closer towards extinction. While species of mussels have been negatively 



impacted by human alteration to most stream systems in North America, many species of 
mussels in French Creek are thriving (Smith and Crabtree, 2010). The introduction of this non-
native species to the French Creek watershed poses a major threat to both native fish and mussel 
species alike. Mussels are particularly vulnerable as the round goby threatens them both directly 
through consumption of juveniles and indirectly through displacement of their fish host species 
(Krakowiak and Pennuto, 2008; Pennuto et al., 2010; Kornis et al., 2012; Wilson et al., 2014; 
Stauffer et al., 2016, Mikl et al., 2017). This work, along with all previous works in the greater 
watershed, will allow us to better understand the consequences of the introduction of the round 
goby. If we are able to understand the round goby’s impact on freshwater mussels and other 
aquatic macroinvertebrates in French Creek, we will be able to enhance conservation and 
management efforts in other systems of similar size and diversity. 
 
Data Management 
 All fish data are catalogued into the Pennsylvania State University Fish Museum. 
Macroinvertebrate and mussel data are available in Kyle Clark’s thesis. Data are stored in the 
computers at Rock Springs and in J.R. Stauffer, Jr.’s office and can be accessed by request. 
 
 
 
 



 

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. 
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Amphipoda Gammaridae 0.06% 1.6 6 0.43% 1 3 1.02% 1.6 6 3.30% 2.75 4 
Cladocera  Daphnia  -   -   -  0.01% 4 1 0.58% 4 1  -   -   -  
Coleoptera n/a  -   -   -   -   -   -   -   -   -  0.30% 1 1 
  Dysticidae  -   -   -   -   -   -   -   -   -  1.20% 2 2 

  
Elmidae 
(adult)  -   -   -  0.14% 1 1 0.14% 1 1 1.20% 4 1 

  
Elmidae 
(larva) 0.38% 1.5 4 0.57% 2 2 3.49% 2 12 0.60% 1 2 

  Haliplidae  -   -   -  0.14% 1 1  -   -   -     -   -  
  Psphenidae  -   -   -  0.43% 3 1 0.14% 1 1 0.30% 1 1 
  Pspheridae  -   -   -   -   -   -  0.14% 1 1  -   -   -  
Diptera n/a  -   -   -   -   -   -   -   -   -   -   -   -  

  
Ceratopgonid
ae 0.06% 1 1  -   -   -   -   -   -   -   -   -  



  Chironmidae 
24.92

% 11.8 33 
75.68

% 13.21 41 
60.17

% 11.8 35 
29.43

% 5.16 19 
  Simuliidae  -   -   -  0.14% 1 1  -   -   -   -   -   -  
  Tipulidae  -   -   -   -   -   -  0.15% 1 1  -   -   -  
Ephemeropt
era n/a 0.19% 1 3 1.29% 1.8 5 1.31% 1.5 6 3.00% 1.6 6 
  Ephemeridae  -   -   -   -   -   -  1.02% 3.5 2 0.30% 1 1 

  
Heptageniida
e 0.06% 1 1 1.00% 1.75 4 1.60% 1.83 6 1.50% 1.25 4 

  
Polymitarcyi
dae  -   -   -  0.14% 1 1  -   -   -   -   -   -  

Fish eggs n/a  -   -   -  0.72% 5 1  -   -   -   -   -   -  

Gastropoda n/a  -   -   -   -   -   -  2.03% 3.5 4 
12.31

% 4.5 9 
 
 
 
Table 1 Continued 
 
 

Hemiptera Corixidae  -   -   -   -   -   -  0.44% 3 1 0.90% 1.5 2 
Hydracarina  Arrenuridea 0.13% 1 2 1.72% 1.3 9 0.73% 5 1 0.30% 1 1 
Isopoda  Asellus  -   -   -  1.00% 2.3 2 2.33% 4 4 0.30% 1 1 
Megaloptera  Sialidae  -   -   -   -   -   -  0.15% 1 1  -   -   -  
Odonata n/a 0.06% 1 1  -   -   -   -   -   -  0.30% 1 1 
  Gomphidae 0.06% 1 1  -   -   -   -   -   -   -   -   -  
Plecoptera n/a  -   -   -   -   -   -   -   -   -  0.30% 1 1 
  Caniidae  -   -   -  0.14% 1 1  -   -   -   -   -   -  
  Chloropermidae  -   -   -   -   -   -   -   -   -  0.60% 2 1 
Trichoptera n/a 0.25% 1.3 3 0.29% 1 2 0.87% 1.2 5 2.70% 2.25 4 
  Brachycentridae  -   -   -   -   -   -   -   -   -  0.30% 1 1 
  Helicopsychidae 0.13% 2 1  -   -   -   -   -   -   -   -   -  
  Hydropsychidae 0.25% 1.3 3 0.43% 1 3 1.02% 1.75 4 1.20% 1 4 



  Hydroptilidae 0.76% 1.5 8 5.15% 3.27 11 4.94% 2.43 14 2.70% 2.25 4 
  Leptoceridae 0.13% 1 2 0.14% 1 1  -   -   -  0.60% 2 1 
  Polxcentropodidae  -   -   -   -   -   -   -   -   -  0.60% 1 2 
Unionoida Unionidae 71.19% 32.9 34 9.30% 5.41 12 14.10% 5.2 20 7.81% 3.25 8 
Veneroida Sphaeriidae 0.19% 1 3 0.14% 1 1 2.33% 1.7 9 25.23% 4.42 19 
Terrestrial 
Insect n/a  -   -   -  0.14% 1 1 0.58% 1.33 3 1.50% 1.25 4 
Unidentified Insects 0.57% 1.125 7 0.57% 1 4 0.58% 1 4 1.20% 1.33 3 



Table 2. Mussel population estimates for all species present at the Moore Road sample site (LAT AND LONG). M̂ is the number of 
extant marks in the population, N̂ is the estimated population size, and φ is the estimated survival rate of individuals who were 
handled. Species that had less than ten observations are denoted by an asterisk. Population estimates and survival rates could not be 
calculated for these species. The true observed values are reported in this chart.  
 
  

Species M̂ M̂ SE N̂ N̂ SE φ φ SE 

Alasmidonta marginata* 13.0 - 13.0 - 0.67 0.19 

Lasmigona costata* 3.0 - 3.0 - - - 

Pyganodon grandis* 2.0 - 2.0 - - - 

Actinonaias ligamentina 7.0 1.6 12.6 3.6 1.17 0.19 

Villosa iris* 5.0 - 5.0 - - - 

Villosa fabalis* 1.0 - 1.0 - - - 

Epioblasma triquetra* 1.0 - 1.0 - - - 

Elliptio dilatata* 7.0 - 7.0 - - - 

Amblema plicata* 2.0 - 2.0 - - - 



Table 3. Mussel population estimates for all species present at the Route 97 sample site (LAT AND LONG). M̂ is the number of 
extant marks in the population, N̂ is the estimated population size, and φ is the estimated survival rate of individuals who were 
handled. Species that had less than ten observations are denoted by an asterisk. Population estimates and survival rates could not be 
calculated for these species. The observed values are reported. 
 
  

Species M̂ M̂ SE N̂ N̂ SE φ φ SE 

Ligumia recta* 1.0 - 1.0 - - - 

Alasmidonta marginata* 1.0 - 1.0 - - - 

Ptychobranchus fasciolaris 10.8 1.5 11.9 1.7 0.99 0.14 

Actinonaias ligamentina* 1.0 - 1.0 - - - 

Epioblasma triquetra* 4.0 - 4.0 - - - 

Elliptio dilatata* 2.0 - 2.0 - - - 

Lampsilis fasciola* 1.0 NA 1.0 - - - 



Table 4. Mussel population estimates for all species present at the French Creek Road sample site (LAT AND LONG). M̂ is the 
number of extant marks in the population, N̂ is the estimated population size, and φ is the estimated survival rate of individuals who 
were handled. Species that had less than ten observations are denoted by an asterisk. Population estimates and survival rates could not 
be calculated for these species. The observed values are reported. 

 M̂ M̂ SE N̂ N̂ SE φ φ SE 

Ligumia recta* 2.0 - 2.0 - - - 

Cardium Spp. 5.2 0.60 6.2 0.90 1.0 0.08 

Pleurobema clava* 1.0 - 1.0 - - - 

Lasmigona compressa* 1.0 - 1.0 - - - 

Anodontoides ferussacianus* 1.0 - 1.0 - - - 

Lasmigona costata* 1.0 - 1.0 - - - 

Pyganodon grandis*  1.0 - 1.0 - - - 

Ptychobranchus fasciolaris* 10.0 0.0 16.0 0.0 0.63 0.12 

Actinonaias ligamentina 13.1 0.30 26.2 1.2 0.82 0.10 

Quadrula cylindrica cylindrica* 3.0 - 3.0 - - - 

Villosa iris 11.0 1.6 15.4 2.4 0.92 .016 

Villosa fabalis* 4.0 - 4.0 - - - 

Pleurobema sintoxia* 3.0 - 3.0 - - - 



 

 

  

Epioblasma triquetra* 5.0 - 5.0 - - - 

Elliptio dilatata* 4.0 - 4.0 - - - 

Lampsilis fasciola* 4.0 - 4.0 - - - 



Table 5. Mussel population estimates for all species present at the Flatts Road sample site M̂ is the number of extant marks in the 
population, N̂ is the estimated population size, and φ is the estimated survival rate of individuals who were handled. Species that had 
less than ten observations are denoted by an asterisk. Population estimates and survival rates could not be calculated for these species. 
The observed values are reported. 
 

Species M̂ M̂ SE N̂ N̂ SE φ φ SE 

Pleurobema clava* 1.0 - 1.0 - - - 

Alasmidonta marginata* 1.0 - 1.0 - - - 

Ptychobranchus fasciolaris* 2.0 - 2.0 - - - 

Actinonaias ligamentina* 3.0 - 3.0 - - - 

Villosa iris* 1.0 - 1.0 - - - 

Lampsilis fasciola* 1.0 - 1.0 - - - 



Table 6. Mussel population estimates for all species present at the French Creek Venango sample site. M̂ is the number of extant 
marks in the population, N̂ is the estimated population size, and φ is the estimated survival rate of individuals who were handled. 
Species that had less than ten observations are denoted by an asterisk. Population estimates and survival rates could not be calculated 
for these species. 

  
Species M̂ M̂ SE N̂ N̂ SE φ φ SE 

Ligumia recta* 3.0 - 3.0 - - - 

Cardium Spp.* 3.0 - 3.0 - - - 

Pleurobema clava* 2.0 - 2.0 - - - 

Alasmidonta marginata* 5.0 - 5.0 - - - 

Lampsilis siliquoidea* 9.0 - 9.0 - - - 

Lasmigona costata 2.2 0.60 6.60 2.9 1.1 0.20 

Ptychobranchus fasciolaris 207.5 1.7 294.3 4.1 0.95 0.02 

Actinonaias ligamentina 201.4 2.5 258.7 4.6 1.19 NA 

Epioblasma torulosa rangiana* 13.0 - 13.0 - - - 

Quadrula cylindrica cylindrical* 1.0 - 1.0 - - - 

Villosa iris* 58.0 - 58.0 - - - 

Pleurobema sintoxia* 1.0 - 1.0 - - - 

Elliptio dilatata 102.3 3.6 178.7 8.4 0.85 0.04 



Table 7. Mussel population estimates for all species present at the Mystic Road sample site (LAT AND LONG). M̂ is the number of 
extant marks in the population, N̂ is the estimated population size, and φ is the estimated survival rate of individuals who were 
handled. Species that had less than ten observations are denoted by an asterisk. Population estimates and survival rates could not be 
calculated for these species. 

 
 
 

M̂ M̂ SE N̂ N̂ SE φ φ SE 

Ligumia recta  10.0 - 10.0 - - - 

Cardium Spp. 9.5 1.0 12.7 1.5 0.86 0.14 

Pleurobema clava 6.4 0.90 8.5 1.4 1.6 NA? 

Alasmidonta marginata* 2.0 - 2.0 - - - 

Lampsilis siliquoidea* 1.0 - 1.0 - - - 

Lasmigona costata* 6.0 - 6.0 - - - 

Ptychobranchus fasciolaris 30.7 1.7 48.4 3.6 0.70 0.08 

Fusconaia subrotunda* 1.0 - 1.0 - - - 

Actinonaias ligamentina 125.2 2.2 167.0 3.8 0.85 0.03 

Epioblasma torulosa rangiana* 7.0 - 7.0 - - - 

Quadrula cylindrica cylindrical* 2.0 - 2.0 - - - 

Villosa iris 39.0 4.9 55.7 7.1 0.38 0.07 

Villosa fabalis* 13.0 - 13.0 - - - 

Pleurobema sintoxia* 4.0 - 4.0 - - - 



 

 
 
 
 
 
 

 
  

Epioblasma triquetra* 7.0 - 7.0 - - - 

Elliptio dilatata 27.8 2.4 37.0 3.8 0.77 0.10 

Amblema plicata* 4.0 - 4.0 - - - 

Lampsilis fasciola* 7.0 - 7.0 - - - 



Table 8. Mussel population estimates for all species present at the Brake Shoe Road sample site (LAT AND LONG). M̂ is the number 
of extant marks in the population, N̂ is the estimated population size, and φ is the estimated survival rate of individuals who were 
handled. Species that had less than ten observations are denoted by an asterisk. Population estimates and survival rates could not be 
calculated for these species. The observed values are reported in this chart.   
 
 

 

  

Species M̂ M̂ SE N̂ N̂ SE φ φ SE 

Ligumia recta* 3.0 - 3.0 - - - 

Cardium Spp.* 3.0 - 3.0 - - - 

Pleurobema clava* 2.0 - 2.0 - - - 

Alasmidonta marginata* 5.0 - 5.0 - - - 

Lampsilis siliquoidea* 9.0 - 9.0 - - - 

Lasmigona costata 2.2 0.60 6.60 2.9 1.1 0.20 

Ptychobranchus fasciolaris 207.5 1.7 294.3 4.1 0.95 0.02 

Actinonaias ligamentina 201.4 2.5 258.7 4.6 1.19 NA 

Epioblasma torulosa rangiana* 13.0 - 13.0 - - - 

Quadrula cylindrica cylindrical* 1.0 - 1.0 - - - 

Villosa iris* 58.0 - 58.0 - - - 

Pleurobema sintoxia* 1.0 - 1.0 - - - 

Elliptio dilatata 102.3 3.6 178.7 8.4 0.85 0.04 



 

 

 
Figure 1: Consumption of unionid mussels by Round Gobies collected by length classes and standard errors bars (1 s.d. of the mean). 
Length classes are as follows: 1) 30-44mm; 2) 45-59mm; 3)60-74mm; 4)>75mm. There is a significant difference (p<0.05; F = 10.89, 
df = 81) from length class 1 to all other length classes.  
 
  



 
Figure 2. Relationship of Brillouins Diversity Indicies of mussels and fish collected. 

  



 

 
 

Figure 3. Relationship between Brillouins Diversity Index a mussels collected versus substrate index. 

  



 

 
Figure 4. CT scans of Round Gobies showing that they consumed mussels. 


