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Feeding Ecology of Invasive Catfishes in Chesapeake Bay Subestuaries
JoseplD. Schmitt
Academic Abstract

Blue Catfishictalurus furcatusare native to tributaries of the Mississippi River but are now invasive in
several Atlantic slope drainages. This includes subestuaries of the Chesapeake Bay, where their feeding
ecology and potgial impact on native species was largely unknown. We collected stomach contents
from 16,110 Blue Catfish at 698 sites in three large subestuaries of the Che&mpe@lamnes, York,
Rappahannock riversCumulative prey curves revealed that sample sa®sufficient for diet

description, though 1,0001500 stomachs were needed per river. Blue Catfish are opportunistic
generalists that feed on a broad array of plant and animal material. Logistic regression models reveal that
Blue Catfish undergo signif@mt ontogenetic diet shifts to piscivory at larger siBg®(01) though the
lengths at which these shifts occur varies by river systemi(800 mm total length; TL). Over 60% of

Blue Catfish stomachs contained other invasive species, priradlglla verticillata and Asian clams
Corbicula flumineaCanonical Correspondence Analysis (CCA) revealed that salinity and season
explained the most variation in Blue Catfish diet, while Generalized Additive Models (GAMS)
demonstrated that there is considerapkgistemporal and lengiased variation in predation of species

of concern. Species of concern include American Shad, American Eel, and river herring, which are
imperiled, and blue crab, which support valuable fisheries in Chesapeake Bay. PredationicdirAme
Shad, American Eel, and river herring was rare (max predicted occurrence in Blue Catfish diets = 8%),
while blue crab was much more common in the diet (max predicted ocair28%0). Predation of
American $iad and river herring peaks in freshwateras in April, while predation of blue crab peaks in
brackish areas in October. Predation of all species of concern is highest for large catfishQ@0@nm

TL). Field and laboratorbpased estimates of consumption rate revealed that Blue Catfish fetlar

rates as Channel Catfittalurus punctatusand daily ration is estimated to b&% bodyweight per day
during warm temperatures, while peak feeding (maximum daily ration) can approach 10% bodyweight
per day. While consumption of imperiled sigscis rare, Blue Catfish could still have negative impacts on
these species due to dense catfish populations.



Feeding Ecology of Invasive Catfishes in Chesapeake Bay Subestuaries
Joseph D. Schmitt
General Audience Abstract

Native to the Mississippi River basin, Blue Catfistalurus furcatusare the largest catfish species in

North America they can exceed 100 Ibs and live for over 30 years. They were stocked in Chesapeake
Bay as a sportfish 40 years ago and are now caorsidievasive. We performed a series of experiments to
describe how invasive Blue Catfish fit in the food web, including diet and swign rate analyses.

Most of the Blue Catfish population is comprisespportunistic generalists that feed on a divarsay

of plant and animal material. We experimentally demonstrated that Blue Catfish tend to feed on whatever
species are locally abundant. The most common prey were other species considered invasive in
Chesapeake Bay; primarily Asian clams &hdlrilla verticillata, which is an invasive aquatic plant. Blue
Catfish also eat other types of vegetation, clams, snails, crabs, fish, small invertebrates, mammals, birds,
reptiles, and amphibians. Consumption of imperiled native fishes (like American Shad, Anaaslica

and river herring) was uncommon while consumption of the commersiaiable blue crab was

common, especially in brackish areas during the autumn. Blue Catfish consumption rates were similar to
a closely related species, the channel catfish, Rreddatfish can consume an estimatéds2o of their

body weight per day during the summer months, and up to 10% of their body weight per day during times
of peak feeding. While consumption of imperiled species is rare, Blue Catfish could still haveenegati
impacts on these speciasedto dense catfish populations
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Important Note to Readers

The Blue C#ish invasionis a highly controversial topic in eastern Virginia (Schmitt et al. 2017)
and has received a great deal of media publicity during this project (Springston 2015, Carman
2017). Because of this, it is imperative that our research is published as quickbgiddepso

that the best available information is available to managers and policymakers.

Because of this, each chapter of this dissertation is designed to be-algtenohanuscript to

save time during thpublication process. This results in some refduncy and lack of forntng
consistency betweearhapters. Redundancy will be especially evident in the introductions of each
chapter, since | will cover much of the sab@ekground information on Blue Catfish in
Chesapeake Bay

The formatting and styleiWalso vary from chapter to chapter, especially with regard to figures,
tables, and references since chapters have different target journals. Style within thiedaatty o

chapter will also varydepending othe requirements afach target journal. Fexample, in
Chapter 1 0 RdpitakzedGhaotighdutsdhadhere with journal guidelinedfarine

and Coastal Fisheries: Dynamics, Management, and Ecosystem Sevdméel e | ower cas e
cat f i s hmChapter 2targegalirndl is€nvironmeral Biology of Fishes More

inconsistencies will be apparent in Chapters 3 and 4 sincaldmyave different target journals
(Biological InvasionsaandTransactions of the American Fisheries Sogisggpectively). The

introduction and conclusion chapgewill follow AFS formattingguidelines, thus wilbe

consistent with Chapters 1 and 4.

| apologize for any inconvenience this may cause,| apgreciate your gigence

Vii



Chapter lintroduction
Invasive species are a global probléminvasive species have long been recognized as having
negative ecological and economic impacts (Elton 1958; Simberloff 1996; Sakai et al. 2001).
Invasive species in the United States cause an estimated $100 bi#immimmic damages per
year, while global losses exceed $1 trillion per year (Pimental et al. 2005). Next to habitat
degradation, invasive species are often cited as the second greatest threat to global biodiversity,
and have resulted in hundreds of exiimes worldwide (Sakai et al. 2001; Mack et al. 2000;
Light and Marchetti 2007). Successful invasions often lead to a homogenization of flora and
fauna, which may wultimately yield a dAglobal b
and Beisel 2007; Mogland Mount 2007). With time, invasive species are expected to become
problematic throughout all ecosystems, as increasing global trade and humaty mclelases
the likelihood of introductiongSakai et al. 2001). The U.S. government recognized thgedanh
invasive species nearly two decades ago, and implemented Executive Order #13112, which
directed sever al agencies to Aprevent the int
control, and to minimize the economic, ecological, and human hegittts that invasive

species causeo (Fel86gr al Register 64:6183

The Chesapeake Bay is the largest estuary in the United States and has a long history of invasion.
It currently supports reproducing populations of nearly 150 nonnative aquatic spetigsng

27 nonnative fishes (Ruiz and Reid 2007). Habitat degradation and invasive species may
contribute to native species declines within the estuary (Boesch et al. 2001; Orth et al. 2006),
which is problematic as the Chesapeake Bay supports numesioeisefs that are economically
valuable to the region. Many fisheries have waned in recent years (DeWar et al. 2009), including

the collapse of the oyster fishery (Rotschild et al. 1994), the decline of blue crab harvest (Lipcius



et al. 2002), and the closes of the American $iadAlosa sapidissimaAlewife A.

pseudoharengysind Blueback ErringA. aestivalidisheries (Onley et al. 2003; Limburg and
Waldman 2009; Bethony et al. 2013). While failing Chesapeake Bay fisheries have largely been
attributed toBay-wide nutrient enrichment and its associated effects on seagrass and dissolved
oxygen (Kemp et al. 2005; Orth et al. 2006), increases in the abundance of nonnative, predatory
fish may also be contributing to these declines (MacAvoy et al. 2000; Braatn2€05; Jiao et

al. 2009; Schloesser et al. 2011).

Nonrnative catfish st ocdé& Buingithe 19Y0s and 1980s, 8lGesCattish d a |
Ictalurus furcatuswvere introduced into the Chesapeake Bay watershed to create new recreational
fisheries(Jenkins and Burkhead 1994), a time when many fisheries had collapsed or were on the
brink of collapse (Rothschild et al. 1994; Richards and Rago 1999). The Department of Game
and Inland Fisheries@tked hundreds of thousands of Blue Catlisgerlingsin the early and
mid-1970s, starting with the James and Rappahannock Rivers (Orth et al. 2017). More stockings
continued over several years, expanding to the Pamunkey River and later to the Mattaponi River.
It is important to note th&lue Catfishwerete s econd Ainvasiveo | ctal u
channel catfistctalurus punctatusvere stocked sometime during the 1800s (Jenkins and

Burkhead 1994). Anecdotal information suggests that the population grew slowly and catfish
harvesters noticed littlafference in catfish speciestchcompositionBlue Catfishpopulations

became welkstablished during the 1990s (Bob Greerpeesonal communicatignand by the
early 2000s dense populations existed in all
Populations have expanded further &hge Catfishnow inhabit the Potomac, Patuxent, Elk, and
Nanticoke river systems in MarylanBlue Catfishhave also been captured in the Susquehanna

Flats area of the northern Chesapeake Bay (Aguilar et al. 2017).



Blue Catfishare a large, longived species that can live for over 25 years and weigh in excess of

50 kg (Graham 1999). They are native to theddisippi River and its tributaries, and

populations extend southward into Mexico and Central America (Graham Bd®8)Catfish

have been widely introduced into many water bodies along the Atlantic and Pacific coasts, and

are now found in 29 states (Gramd999),buar e onl y ¢ on s itldee€Chesapeakei nv a s
watershed (Schloesser et al. 201RB)ue Catfishpopulations expanded after introduction, and
thespeciets s now very common (Greenléiamddim20ly.dlsey taved al r i
expaneéd into brackish areas and have been captured in salinities as high pst21

(unpublished datgcited in Fabrizio et al. 20)./Blue Catfishroutinely inhabit brackish waters

in their native range, thus further range expansion within the ChesapéilikéyitPerry 1969;

Schloessr et al. 2011), particularly the less saline waters of the upper ChesapeakB&Bay

Catfishnow support expanding commercial fisheries and trophy recreational fisheries in several

of these rivers (Greenlee and Lim 2011; Oithle2017).

Flathead @tfish Pylodictis olivaruswere introduced to the James River sometime during the
1960s or 1970s, though no official record exists (Jenkins and Burkhead 1994). They are now
established in the James, Potomac, and Susquehanna dsdifexdens and Burkhead 1994;

Brown et al. 2005; Orrell et al. 2005). We also captured several juvenile and mature individuals
(N=22) from the York River, where Flathea@ifish had not yet been documented (Schmitt et

al. 2017). Both catfish species arellaequipped for foraging in the muddy, highoductivity

rivers of their native range, as they possess advanced olfactory, gustatory, electroreceptory, and
mechanoreceptory systems (Graham 1999; Jackson 1999). This may partially explain their
success inhe present day Chesapeake Bay, which has been transformed into a turbid; nutrient

rich system by agricultural runoff and other anthropogenic disturbances (Boesch et al. 2001).



Moreover,Blue Catfishthrive in estuarine habitats in their native range, siscthe Mississippi

River estuary in Louisiana (Baltz and Jones 2003).

While diet studies are limited in their native ranBkie Catfishare omnivores that consume
vegetation, mollusks, insects, and crustaceans, with larger individuals shifting to pi¢Eidds

et al. 2002; Eggletoand Schramm 2004). Conversely, Flatheatfi€h are almost exclusively
piscivorous, even at small sizes (Jackson 1999; Herndon and Waters 2002; Pine et al. 2005).
Their piscivorous nature has also earned them a reputatioteag@rous invasive (Fuller et al.
1999), and foodveb simulation models have projected up to 50% declines in nativieidistass
after Flathead @Xfish become established (Pine et al. 2007). Both catfish speciethaait i
brackish waters, though Flatlte@afish seem to prefer lower salinity areas, wilae Catfish
routinely inhabit estuarine waters (Bringolf et al. 2005; Schloesser et al. 2011). The diverse food
habits of these two nemative catfishes have the potential to impact a multitude of itagear
commerciallyvaluable nave species including Americarh&d, river herring, blue crab
Callinectes sapidysand Anerican Eel Anguilla rostrata While Blue Catfishand Flathead

Catfish have baein the watershed for decadesgional diet informatio for these species is

limited (Schmitt et al. 2017).

Feeding ecology of invasive speaes:-ood web structure is often altered following an invasion,
which can lead to changes in species assemblages and ecosystem function (Mack et al. 2000;
Clavel et al2010). While invasive species can alter ecosystems in a variety of ways, feeding
strategy is a primary determinant for predicting how an invasive will change a given system
(Brandner et al. 2012; Garvey and Whiles 2017). In summary, apex predatorstaasiue

food webs through tedown control, herbivores can enhance bottgnforces by reducing plant

biomass, and mitrophic level species can generate forces in either direction (Simon and



Townsend 2003). Moreover, omnivegeneralist species are capaof restructuring food webs

using mechanisms that dondét require direct mo
other indirect effects, particularly in botteap controlled systems (van Riel et al. 2006; Garvey

and Whiles 2017)Jnfortunately the Chesapeake Bay is now home to hundreds of exotic

species at a variety of trophic levels, which can complicate speeelsanalysesMooney and

Cleland 2001; Ruiz and Reid 20Q¢onsequently, native species might be affected byltom
forces,bottomup forces, or a combination of the two (Keeler et al. 2006). In essence, catfish

diet analysis will provide evidence of what is being eaten and can provide information on which
native species are most likely to be affected by these invasive siheoiggh herbivory,

predation, or competition.

Feeding strategy analysis can also help predict whether or not an invasive species will have
lasting impacts on an ecosystem (Moyle and Light 1996neralist species are most likely to be
successful longem invaders within degraded or disturbed systems (Clavel et al. 2010), which
has implications within the Chesapeake Bay watershed, as it has a long history of pollution and
anthropogenic disturbance (Boesch et al. 206b). freshwater fish invasions, pigsores are

most likely to cause lonterm ecological changes while omnivore/detritivores are least likely to
do so; however, this is not without exception (Moyle and Light 1996). The situatioBhvéh
Catfishmay be particularly confusing, as they haee» demonstrated to be herbivores,
detritivores, and piscivores within their native range (Edds et al. 2002; Eggleton and Schramm

2004), and literature pertaining to large, invasive fishes within estuaries is limited.

Are Blue Catfismi i n vead&?ilnroductions of nomative fishesare a growing concern for
fisheries managers as they can threaten native aquatic biodiversity and alter food web dynamics

(Jelks et al. 2008). Conversely, many freshwater fish introductions have been demonstrated to



have miniméecological impacts while providing benefits to society (Gozlan 2008). The
attention theBlue Catfishrhas r ecei ved as an fAinvasiveo in Vi
much controversy, as the James River now supports a natioeedignized trophjishery,

which financially supports numerous guides and tackle shops. In ad@hienCatfishsupport

viable commercial fisheries in several of Vir
steadily since t he cikedinSchioes2edd &.2GL1).(TheMSRabBlisHment O ,

of Blue Catfishh n Vi rgi ni ads tidal rivers has had a po
controversy, as many rely on this resource for their livelihood. While some argue that all non

native fish introductino s s houl d be considered Aguilty until
others insist that conclusions pertaining to the impact ofradives should be based on

Aqguanti fiabl e empaproricsabat emendence( Gozdl ant2008)

Defining an ivasive species is not as straightforward as you would think. Definitions of

Ai nvasiveo vary broadly, and definitions are
(Valéry et al. 2008; Heger et al. 2013). The U.S. government defines an invasive apeuie
introduced organism that results in Aharm, ei
human healtho. Moreover, for a species to be
associated with it must outweigh any benefits that it provides (I338). Many ecologists

have adopted a broader definition, and consid
reproducing and expanding geographically from its point of introduction (Lockwood et al. 2013).
Management agencies; however, generally adteean impaebased definition (Simberloff

2003).

For definitions based on impact, further complications arise from differing interpretations or

from inconsistencies in underlying value systems (Russell and Blackburn 2017). Furthermore,



scientific uncerinty regarding impact is often inevitable, opening the door for more debate

(Russell and Blackburn 2017). While intellectual debate is welcomed and often results in
scientific progress, fAdenialismo hasinbeen a p
recent years. Science denialism differs from
scientific evidence, while scientific debate generally focuses on uncertainty associated with

scientific discovery (Russell and Blackburn 2017).

Blue Catfisarrative in Chesapeake Bay. On the other end of the spectrum, society can
overreact to introduced species through diffe
is characterized by panic, sensationalism, and irrational rhetoric (Peretti 1968;1589;

Subramaniam 2001). For example, Verbrugge et al. (2016) reported that numerous metaphors
(egbexpl osive growthodéd) are used in narratives

i nvasive species. Whil e mét apllonnasivenaeas sdi,
expedite change and create a sense of urgency, there is always the risk that these metaphors will
replace science in informing policy (Orth et
6i nvasi veness 06 matonaapcmanagemeantgositionetisatiaretnot necessarily

supported by scientific evidence. Jumping to conclusions without supporting evidence is the

antithesis of the scientific method, and should be avoided.

The narrative surroundirglue Catfishin Chespeake Bay played developed in the press and

social media far ahead of any evidence of impact (Orth et al. 2BILi¢) Catfishhave been
vilified, and most of the mediabs coverage of
alarmist narratives. Newapper s have made wil d @8lueCatiskarel i ke it
the biggest threat t oBlue Gatfish€ dtne of hepgeeatbtse Bay o and

environmental threats the Chesapeake Bay has



supporting evidece. Many more examples of emotiorrktoric and negative language exist.

For exampl e, Har per ( 20 1Blje Catfishare gruesomecreatlrass e an
They grow big and ugly and grey. They croak like pigs. And because they have no scales, they

are especially slimy, even as ofteniscbhrred)alams Ot he
about the feeding ecology and trophispot i on t hi s species. BlBepringts
Catfishl i ve at the top of the food chain and eat
and are ABengal tigers of the Chesapeakeo, wh
moutts € are vawhamewmgrupgets i n tdomonstrasthatynoch Our

of this is hyperbole

There is clearly a disconnect between science and the media, and efforts should be made to
improve communication in the future. Much of the pubdites on the media as their primary
information source, thereffe this lack of communication can dangerous. The public is a key

player in the invasion process and invasive species management (Pasko and Goldberg 2013;
CarballeCardenas 2015), making irsian science both a sociologic and scientific endeavor.

Science communication is inextricably linked to public perception of invasive species risk, and
scientists often fail to communicate clearly
more irtentional efforts to communicate effectively with policy makers, the media, and the

public moving forward (Gozlan et al. 2013).

Invasive species: drivers or passengers of chadg&¥hile the negative impacts of invasives
have been well documented worldwjdee high ceoccurrence of invasive species and
anthropogenic disturbance.g.habitat destruction or degradation) make it difficult to
distinguish which mechanism is driving observed ecosystem changes (MacDougal and

Turkington 2005). Some have suggedtet the success of many invaders is due to their ability



to cope with adverse conditions, and that they are just symptoms of underlying ecological
problems (MacDougal and Turkington 2005; Layman and Allgeier 2011). This theory is
supported by worldwideetlines of specialist species, which have been unable to adapt to
changing conditions (Clavel et al. 2010). Specialists are being replaced by generalist species,
which can adapt to a variety of adverse conditions, and global replacement is occurring at an
alarming rate (McKinney and Lockwood 1999; Olden et al. 2004; Clavel et al. 2010). Successful
generalists typically have broad diets, are tolerant of a variety of environmental conditions,
disperse rapidly, and have high fecundity (McKinney and Lockwo&@)1Blue Catfishhave

been demonstrated to be successful across broad spatial scales and in a variety of habitats;
moreover, they are a highly mobile, migratory catfish that can make seasonal migrations in
excess of 500 km (Graham 199®Blue Catfishhawe generalist food habits within their native

range (Edds et al. 2002; Eggleton and Schramm 2004), and have higher fecundity and larval
hatching success than other Ictalurids (Graham 1999). Considering these attributes, the success
of Blue Catfishwithin the Chesapeake Bay may be due to their ability to adapt to adverse
conditions. If this is the case, it would be prudent to address the underlying cause(s), rather than

simply attempting to control the species (Didham 2007).

Predicting longterm ecological ipacts.0 While the ecological impact of these catfishes is
largely unknown, concern about these species isjugified. In a review of case studies
pertaining to introduced fish species, Moyle and Light (1996) were able make several
generalizations. Fitspiscivores, omnivores, or detritivores are the most likely to be successful
invaders; second, introduced piscivores are more likely to alter the native fish community than
omnivores or detritivores. Additionally, the authors claim that{mg succesand integration

of nonnatives is more likely in aquatic systems that are continually disturbed by anthropogenic



activities. All of these gearalizations are concerning as Flatheadfi€h andBlue Catfishcan

act as detritivores, omnivores, and/or pisoggy and the Chesapeake Bay is far from pristine,
having a long history of anthropogenic disturbance (Graham 1999; Jackson 1999; Kemp et al.
2005). Ultimately, characterizing the trophic role of these nonnative catfish and their position in
the generalisspecialist feeding continuum is of utmost importance for predicting their impact on

food web structure, and will help explain their incredible success in the Chesapeake Bay region.

Research Gaps

Previous studies have provided valuable insight in therfgextology oBlue Catfishin the
Chesapeake Bay, yet have been unable to capture a thorough understandinBlaEhoatfish

diet changes with fish size, time of year, and spatial location. This will be important for assessing
the trophic impact of thispecies, aBlue Catfishare known to exhibit ontogenetic diet shifts

(Edds et al. 2002), and fish assemblages are known to change temporally and spatially within the
Chesapeake Bay (Wagner 1999; Jung and Houde 2003). To date, no studies haveRixplored
Catfishdiet across broad spatiotemporal scales within the Chesapeake Bay. MacAvoy et al.
(2000) used stable isotope analysis to ascertairBtbatCatfishmay be preying upon alosine

species, yet this study was limited by a small sample (N=22) froretoeteh of the

Rappahannock River and prey items were not identified to species. Schloesser et al. (2011)
provides a more thorough description of the food habiBwé Catfishi n Vi r gi ni ads t i
though specimens were only captured in mesohplngons of the James, Rappahannock, and

York drainages, which is problematic becaBsge Catfishinhabit freshwater, tidal freshwater,

and oligohaline portions of these rivers (Greenlee and Lim 2011). Because fish were captured via
trawl, the Schloesset at. (2011) study included only small fish (<590 mm FL), which is

problematic becaudglue Catfishregularly exceed 1000 mm FL. Given these knowledge gaps,

10



there is still a need to assess spatiotemporal andbasasel differences in the food habitBhie

Catfishin Chesapeake Bay tributaries.

Objectives and Products

The current study has provided four major pieces of information. First, we quantified predation
and prey selectivity bglue Catfishand Flathead &fish onAlosaspecies during the spring
spawning migratiofChapter 2)This is important as American Shad, Blueback Herring, and
Alewife once supported major fisheries along the Atlantic coast, yet have reached historic lows
(Limburg and Waldman 2009). Predation bagsn implicated in contributing to these declines
(Savoy and Crecco 2004; Hasselman and Limburg 2012), and stable isotope analysis suggested
thatBlue Catfishwere feeding heavily on them (MacAvoy 2000). Next, we described the diet of
Blue Catfishacross boad spatiotemporal scales and quantified Biwe Catfishdiet varies with
season, salinity, and fish sig@hapter 3) We also estimated the trophic position, diet breadth,
and feeding strategy @&lue Catfishin the Chesapeake Bay using trophic levéhestes,

omnivory indices, diet breadth indices, and predator feeding strategy diagrams. In addition to
providing valuable information about the feeding ecology of these fish, it provides an
understanding of where this species resides along the genrsgpaitsalist continuum, and may
provide insight intdheir remarkablesuccess in the Chesapeake Bay. Next, we constructed
statistical models to explore the major driver8hfe Catfishdiet and quantify predation of

species of concern, including aloes, lue crab, and AmericandE which are species of
managementoncern (Chapter 4Finally, we quantifiedlue Catfishconsumption rates using a
combination of field experiments, laboratory ekments, and regression models (Chapter 5).
These estimates habeen integrated with diet information and biomass estimates to quantify

predation (kg*yt') of imperiled or commerciallyaluable species (Orth et al. 2017).
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Methods Overview

1) Chapter 2Predation and prey selectivity by noative catfish on migrating @éines in an
Atlantic slope estuary

a. Quantify predation of river herring and Ameatin Shad by noenative Blue Catfish and
Flathead @tfish during March, April, and May within freshwater, tidal freshwater,
oligohaline, and mesohaline sections of the JaRnesr.

b. Use cumulative prey curves to assess sample size sufficiency.

c. Use advanced molecular techniques (DNA barcoding) to increase the taxonomic
resolution of unidentifiable, digested fish prey.

d. Quantify prey selectivity by Blue and Flatheaatih bycomparing the percent

occurrence of fish prey in stomachs to the relative abundance of fish prey within the
river.

e. Use logistic regression analysis to predict occurrenédasfiaspecies in the diet as it
varies by month and spatial location.

2) Chapter 3Feeding Ecology oeneralist Consumgra Case Study of Invasive Blue Catfish
Ictalurus furcatusn the Chesapeake Bayirginia, USA

a. Employ a stratified random sampling design to explore patterns of prey consumption
across broad spatiotemporal scalethinithe James, Pamunkey, Mattaponi, and
Rappahannock Rivers.

b. Develop cumulative prey curves to assess sample size sufficiency.

c. Use DNA barcoding to increase the taxonomic resolution for unidentifiable fish prey

d. Use logistic regression analysis to idgnontogenetic shifts to piscivory by comparing
the binary occurrence of fish in the diet versus fish total length for each river.

e. Estimate diet breadth, trbjz level, omnivory index for Blue &fish in each of
Virginiabs ti da lfishtotaMemgths as it wvaries with

3) Chapter 4Modeling the Predation Dynamics of Invasive Blue Catfish in the Chesapeake Bay: A
Special Focus on Imperiled and Commercidbluable Native Biota

a. Use multivariate ordination to s&ss the major drivers @ériation inBlue Catfish diet
(CCA) in Virginiabds tidal rivers

b. Develop statistical models to better understand factors contributing to the consumption of
Aspecimrcerofo,cowhi ch include Amer elaadn Shad,
bluecrab (Generalized Addte Models).
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4) Chapter 5Multiple approachessed toestimatedaily ration andood consumptionates for
invasive Bue Catfishictalurus furcatusn Atlantic Slope tibutaries

a. Use field methods (diel feeding chronologies) to estimate daily ratiohgd
maximum daily ration (&) for Blue Gatfish within the James, Pamunkey, Mattaponi,
and Rappahannock rivers.

b. Use a series of laboratory experiments to quantify hw\@ries with temperature, fish
size, and prey type.

c. Use an empirical regression ded (Palomares and Pauly 1998) to estimate consumptio

to biomass ratios (Q/B) for Blue @iah based on mean annual water temperatures,
growth, mortality, and aspect ratio of the caudal fin.
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Chapter 2Predation and Prey Selectivity by Nonnative Catfish on Migrating Alosines in
an Atlantic Slope Estuary

Introduction

Introduced species arggeowing concern for fisheries managers as they can suppress native
species, alter food web dynamics, and threaten biodiversity (Moyle and Light 1996; Jelks et al.
2008). Many introduced species cause serious declines in the abundance or diversitg of nativ
species, and may cause substantial economic harm (Folkerts 1999). Habitat degradation and
introduced species are major drivers of ecosystem change, yet high correlation between the two
makes it difficult to distinguish which is causing the observed @dw(igacdougall and

Turkington 2005; Light and Marchetti 2007). The question often remains whether an invasive
species was the driver of change, or merely the passenger of{medgted changes such as
pollution, habitat degradation and fragmentation, andimate change (Macdougall and

Turkington 2D05; Light and Marchetti 2007).

Blue Catfishictalurus furcatusand Flathead CatfisRylodictis olivarisare both large, longived
species that can weigh in excess of 50 kg and can live for over 25 yedrartGra99; Jackson
1999). Blue Catfish are native to the Mississippi drainage with populations extending southward
into Mexico and Central America (Graham 1999). Flathead Catfish are native to the Mississippi,
Rio Grande, and Mobile drainages with nativgylations also found in northeastern Mexico

and the Great Lakes region (Jackson 1999). Both catfish species have been widely introduced
outside of their native range, and are now found in several Atlantic and Pacific drainages

(Graham 1999; Jackson 1999).

20



Blue Catfish were introduced into Virginia tributaries of the Chesapeake Bay during the 1970s

and 1980s (Jenkins and Burkhead 1994), a time when many fisheries had collapsed or were on
the brink of collapse (Smith 1985; Rothschild et al. 1994; Richerd€Rago 1999). Blue Catfish
populations have since expanded, and the species now dominates the ichthyofaunal biomass in
certain areas (Greenlee and Lim 2011). They are now found within every major tributary of the
Chesapeake Bay, and have been captursdlimities as high as 14.7 ppt (Schloesser et al. 2011).
Their ability to thrive in brackish habitats has allowed Blue Catfish to spread downriver into
oligohaline and mesohaline areas (Schloesser et al. 2011) where electrofishing capture rates have

beenas high as 6,000 fish/hr (Greenlee and Lim 2011).

Flathead Catfish were originally introduced to the James River, but are now established in the
James, Potomac, and Susquehanna drainages (Jenkins and Burkhead 1994; Brown et al. 2005;
Orrell and WeigR005). We have also captured several juvenile and mature individuals (N=22)
from the York River, where Flathead Catfish had previously been undocumpetsdnal
observatioi). Both catfish species are accustomed to foraging in the muddy rivers of thesr na
range, and are wetldapted to life in the present day Chesapeake Bay, which has been
transformed into a turbid, nutrienth system by agricultural runoff and other anthropogenic

disturbances (Boesch et al. 2001).

Blue Catfish are omnivorous, ofteonsuming vegetation, mollusks, insects, and crustaceans,
with larger individuals shifting to piscivory (Edds et al. 2002; Eggleton and Schramm 2004).

Conversely, Flathead Catfish are almost exclusively piscivorous, even at small sizes (Jackson
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1999; Hendon and Waters 2002; Pine et al. 2005). Flathead Catfish have earned respect and
admiration from anglers and biologists, mostly for their size, strength, and predatory
aggressiveness (Jackson 1999). Their piscivorous nature has also earned themanrapatati
dangerous invasive (Fuller et al. 1999) and fa@b simulation models have projected up to
50% declines in native fish biomass after Flathead Catfish are established (Pine et al. 2007).
Both catfish species can inhabit brackish waters, thoughdddtCatfish seem to prefer lower
salinity areas, while Blue Catfish routinely inhabit estuarine waters (Perry 1969; Bringolf et al.
2005; Schloesser et al. 2011). The diverse food habits of these twmiiom catfishes have the
potential to impact a mtdude of imperiled or commercialyaluable native species including
American Shad\losa sapidissimaAlewife A. pseudoharengu8lueback Herring\. aestivalis

Blue CrabCallinectes sapidysand American EeAnguilla rostrata(Haro et al. 2000; Lipcius

and Stockhausen 2002; Limburg and Waldmen 2009).

A major question has been whether introduced catfish are preying heavily upon depleted
anadromous clupeids including river herring (Blueback Herring and Alewife) and American

Shad which once comprised major fisheries along the Atlantic coast (Hall et al. 2012; Bethoney

et al. 2013). These anadromous clupeids, collectively known as alosines, spend much of their life
at sea, but return to fr esévenasprangtogpavn (Garmans o f
1992). The dramatic declines in the abundance of these species has been observed over recent
years (Limburg and Waldman 2009), and, despite ongoing restoration efforts, these species have
declined to attime lows across muabf their range (Hasselman and Limburg 2012). Several
possible causes have been implicated for observed stock declines, including overfishing, habitat

loss, climate change, barriers to migration, and predation (Hall et al. 2012; Bethoney et al. 2013,
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Brown et al. 2013). While predation is likely only a part of a bigger problem, the presence of

introduced catfish within key migratory pathways may hinder alosine restoration efforts.

Previous studies have provided valuable insight into the feeding ecdi@&ye Catfish within

the Chesapeake Bay, yet have been unable to quantify predation of alosines by introduced

catfish. Stable isotope analysis (MacAvoy et al. 2000) suggested that aarved nutrients

contribute to the diet of Blue Catfish, yet tbisidy was limited by a very small sample from one

location on the Rappahannock River (N = 22). Schloesser et al. (2011) provides a more thorough
description of the food habits of Blue Catfis
limtedtoolgohal i ne and mesohaline portions of Virg
small fish (O 600 mm fork length [FL]). This
much larger (> 1000 mm FL), and larger fish are more likely to be pisciv{olds et al.

2002). Information on Flathead Catfish is scarce within the scientific literature, and there are no
published diet descriptions for this species within the Chesapeake Bay. Moreover, there have

been no targeted efforts to quantify Blue Catbshtirlathead Catfish predation Afosaspecies

during their spring spawning migration in any Atlantic slope drainage.

We focused our research to answer the following specific questions: First, what are Blue Catfish
and Flathead Catfish eating during #peing; do alosines contribute to their diet? Second, are

these nomative catfish selectively feeding on alosines or are they preying on them in proportion
to their relative abundance in the environment? Third, how does alosine predation vary spatially

ard temporally during the spring?
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Methods

Sampling efforts were focused within the James River because it supports dense populations of
large Blue Catfish and Flathead Catfish (Harris and Jones 2008; Greenlee and Lim 2011) and
once supported largdlosamigrations (Aunins and Olney 2009; Hilton et al. 2011). Blue Catfish
and Flathead Catfish were collected in the James River from Maviely, as these months
correspond with the spring spawning movements of Blueback Herring, Alewife, and American
Shad wihin the Chesapeake Bay (Garman andi$éie 1992; Hewitt et al. 2009; Hilton et al.

2011). The majority of sampling was conducted in 2015, though some fish were collected

during the spring of 2014.

Collection of pecimen®d Electrofishing was used to cedtit catfish, as it collects both active

and inactive fish (Bowen 1996). Lefrequency electrofishing is the preferred method for
sampling Blue Catfish, yet it is ineffective until waters warm to 18° C and becomes optimal at
temperatures > 22° C (Justus 498Bodine and Shoup 2010). Water temperatures did not reach
18° C until late May, so high frequency electrofishing (60 hz; 325 volts; 12 amps) was used to
collect catfish during March, April, and most of May. High frequency electrofishing is limited to
shdlow water habitat and is much more time intensive than low frequency electrofishing. Given
this constraint, early spring sampling efforts focused on areas shallow enough for the gear to
work, typically < 2 m deep (Justus 1994). Sampling was slow, anélyusaly one or two fish

were collected up at a time, often hundreds of meters apart. Sampling during these months
occurred in several areas known to contain alosines during their spawning migration. Hundreds
of sites were sampled in ndiwlal freshwatertgilwaters of Bosher Dam and the area near the

Manchester Bridge), tidal freshwater, and three tidal estuarine creeks (Figure 1). The primary
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sampling stretch, where most sampling occurred, extended from the bottom of the fall line in
Richmond to the Dutcbap Conservation Area, Afosaspecies are known to congregate in this
stretch during the spring. This primary sampling stretch was divided into 500 m sections,
numbered, and a random number generator was used to select sampling locations. Additional
sites were located in brackish tributaries of the James River (Herring Creek, Wards Creek, and
Gordon Creek), which are also known to contain alosines during the spring (Figure 1). Herring
Creek, Wards Creek, and Gordon Creek are all either oligohaline ohale®, with recorded
salinities ranging from 1.0 pjpt10.0 ppt. Each major sampling area was sampled, at a minimum,

once per week from Marck'through May 31t

Low-frequency electrofishing was used once water temperatures warmed to 18° C (late May)
allowing us to sample fish in deeper water (> 3 m); however, very few fish were encountered in
deep water and none had prey items present in their stomachs. Upon capture, diet contents were
extracted by sacrificing the fish or with pulsed gastric layadech has been demonstrated to be

very effective for extracting diet contents from Blue Catfish and Flathead Catfish (Waters et al.
2004). Stomach contents were extracted within 30 minutes of capture, and time, water
temperature, tide phase, and coortésavere recorded for each sampling event. Fish total

weight and length were also recorded and diet contents were placed on ice and later frozen. In
the laboratory, prey items were thawed, weighed, counted, and identified to the lowest possible

taxon.

Molecular identification of fish pre§. Partially-digested fish prey that are unrecognizable by

gross morphology represent a major obstacle for diet studies, often resulting in the loss of
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important information (Dunn et al. 2010; Carredartinez et al. 2011). Previous studies have
demonstratethat empty stomachs are common and fish prey are rare within Blue Catfish
stomachs (Schloesser et al. 2011), emphasizing the importance of properly identifying fish
remains when trying to quantify predation of rare species. Further, some species digest at
quicker pace than others, which can lead to erroneous conclusions about the relative importance
of these prey items when digestion has rendered them unidentifiable (Hyslop 1980). Known as
differential digestion, this phenomenon has also been demoddatapact conclusions

pertaining to selectivity and electivity (lvlev 1961). To mediate this potential bias, we utilized
advanced molecular techniques to identify partially digested fish using the methods described in

Moran et al. (2015).

Prior to lyss, samples were defrosted and rinsed with ethanol. Utensils were sterilized using 10%
bleach mixture then rinsed with autoclaved deionized water and allowed to dry. A 10 mm x 10

mm piece of tissue was excised and transferred to a sterilized microcerturlfegesing
sterilized utensils. Next, 180 €L of digest:i
tube along with 20 €L of Proteinase K. Sampl e
lysis. Manual extraction was conducted using prai®tsted in a DNeasy blood & tissue kit

(Qiagen, Hilden, Germany).

Blue and Flathead Catfish prey upon many species of fish, so universal CO1 primers were
selected that would amplify DNA for all fish within the Chesapeake Bay. DNA sequences for the
mitochondrial CO1 gene were amplified using a cocktail of four fish primers (FishF2_t1,

FishR2_t1, VF2_t1, and FR1d_t1) developed for the G®@dgion (lvanova et al. 2007).
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Polymerase chain reaction (PCR) amplifications also followed the protocol of Ivanalva e
(2007), with minor modifications. PCR had a t
10% trehal ose, 2.00 €L of wltrapure water, 1.
(NH4)2SQy4, 20 mM TrisHCI (ph 8.8), 2 mM MgS@ and 0.1% Triton XL00) 0. 6252 ¢ L MgC
(50 mM), 0.125 e¢eL of each primer (0.01 mM ),
Taq DNA Polymerase (New England Biol abs, l psw
template (mean conc. 74 ¢ g/RADLMyCyclerRihfhe was cond
following thermocycline conditions: initial denaturation at 94° C for 2 min, followed by 35

cycles of 94° C for 30 s, 52° C annealing temperature for 40s, 72° C for 1 min, with a final

extension step at 72° C for 10 min. PCR reaction pitsduere sequenced using BigDye

Terminator Cycle Sequencing Kit v 3.1 on an ABI3730 DNA sequencer. Sequencing reactions

were initiated using the C_FishF1t1 or C_FishR1t1 primers of lvanova et al. (2007) and

sequenced samples were analyzed using Bioeditaandequences edited in Sequencher v4.5

(Gene Codes Corporation, Ann Arbor, Michigan). Edited samples were then identified using the
Basic Local Alignment Search Tool (BLAST) from the National Center for Biotechnology

Information website. Possible speciesre determined based on high quintile scores from %

identification, % query cover, and maximum identification score as references.

Selectivity of fish pre§. Selectivity indices compare the relative abundance of prey in the
environment to the frequencoy occurrence in the diet (Chipps and Garvey 2007). Relative fish

prey abundance was assessed on the JamesdRigy April and May of 2015using high
frequency, pulsed DC electrofishing (60 hz; 3

abundance wasstimated at 60 randomly selected locations (30 per month) within the primary
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sampling stretch (see above), utilizing three 120 s electrofishing passes at each site. Many
selectivity studies have used depletion methods to estimate population sizes spegrey, yet

these methods can be inherently biased, often leading to erroneous conclusions (Peterson et al.
2004). A simpler approach is to estimate the relative abundance of each prey species, which is
often more pragmatic (Link 2004). These methodkagsume equal capture probabilities for the
different prey species. This assumption is reasonable as electrofishing has been demonstrated to
be effective for estimating multispecies relative abundance in lotic habitats (Edwards et al.

2003).

Data analyss

Sample size sufficienéy.Cumulative prey curves, or rarefaction curves, were used to assess
whether our sample size was sufficient to describe the food habits of Blue and Flathead Catfish
during the spring. Cumulative prey curves plot the total nurmbenique taxa in the diet vs. the

total number of stomachs analyzed, and sample size is considered sufficient once the curve
reaches an asymptote (Ferry and Calilliet 1996). We computed rarefaction curves and associated
95% confidence intervals with Estite& (version 9.1, R. K. Colwell, Boulder, Colorado), where

the cumulative number of unique prey taxa were plotted against the randomly pooled samples.

This random process was repeated 500 times to generate means and associated confidence
intervals. We usethe slope (B) of the last four subsamples (linearaggon) as an objective

criterionf or sampl e size sufficiency, where sampl e

(Bizzarro et al. 2009; Brown et al. 2012).

Ontogenetic diet shiftd. Blue Catfishoften exhibit dietary ontogenies, shifting from omnivory
to piscivory as they grow (Edds et al. 2002; Eggleton and Schramm 2004). Understanding the
size at which this switch occurs in the James River is important, as smaller fish are unlikely to
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prey upomative fish species. To assess ontogenetic shifts in the diet of Blue Catfish, prey items

were placed into logical ecological groupings (vegetation, invertebrates, mollusks, crustaceans,

fish, and miscellaneous) and catfish were grouped by 100 mm lelag&h Percent weight

indices were used to determine the length at which Blue Catfish switch to piscivory. Logit and

arcsine transformations of %W data failed to satisfy parametric assumptions, so transformations

were abandoned and nonparametric methods wsed (Cortes 1997; Zar 1999; Warton and Hui

2011). KruskalWallis analysis of variance (ANOVA) tests were used to determine if predator

length significantly influenced the percent weight of the major prey categories (Zar 1999). If

significant difference were detecteghposthocTuk ey 6 s mul t i pl e compari sot
to determine the length(s) at which diet shifts occurred (Conover and Iman 1981). Statistical

significance was evaluated at the 95% |l evel (

Diet compositiord Prey imporance was assessed using both single and compound indices.
Gravimetric percent by weight (%W) indices were used to determine which prey items were
nutritionally valuable while percent occurrence (%0) indices were used to determine which prey
items were roumely utilized at the population level (MacDonald and Green 198&npound

indices were also used as they provide a more balanced understanding of the dietary importance
of different prey (Pinkas et al. 1971, Bigg and Perez 1985; Cortes 1997; BrowA@tl. The
traditionally used Index of Relative Importance (IRI) is inherently flawed, as it combines
mathematically dependent measures (Ortaz et al. 2006). Because of this, frequently occurring
prey items are overemphasized while rare prey items areampkasized (Brown et al. 2012).

Given these concerns, we decided to use thegpewific index of relative importance (PSIRI;
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Brown et al. 2012). Percent PSIRI values were used to estimate the difference in the importance

of different food sources. PertePSIRI is defined as:

%FO; x (%PN; + %PW;)
2

%PSIRI; =

Where %F®@i s t he frequency of o0 ciisthe pereentbyenumberof pr ey
prey type i 0o in all st omaitshhe peccennby \ameigintofprgy pr ey

type Ai 0 in all stomachs containing prey type

Spatiotemporal effects. Understanding the spatial variability in predatiorAtdsaspecies will

be important for future control strategies of amative catfish, so [gistic regression analysis was
used to determine whether sampling location or month could predict the occurrence of American
Shad, Blueback Herring, or Alewife in the diet. Logistic regression was used as it does not have
assumptions of normality or homestasticity; furthermore, it is useful for describing

relationships between a dichotomous outcome variable and one or more categorical descriptor
variables (Peng et al. 2002). Logistic regression was performed using a Generalized Linear
Model with a logit ink function and a binary error distribution (Goodnight 1982) which took the

general form of: . p
logit(p ... )= log(l&): B+ B X, +...+B,X,

Alosa

Where piosais the probability of that an individual has an alosine in their stonfiachthe
interceptbi, 2 bbs pre coefficients of spatiotempofaktors (month, spatial location) and, X
X2,  éaXe the variables of spatiotemporal fact@tstistical significance was evaluated at the

95% |l evel (U=0.05).
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Prey selectivityd Many different selectivity indices exist, none of which satisfy all siadis
criteria (Chipps and Garvey 2007). We wused Ch
situations and has previously been used to describe feeding selectivitymdthanFlathead
Catfish in North Carolina ( Baosdattamnadfand Kwak 2
separately for Blue and Flathead Catfish during April and May, and was calculated for individual

prey species as:

Vi Pi
o = /P

> (ri/pj)
j=1

b

where ris the percent occurrence of a fish species in the distthpe proportion of that fish

species available in ¢hsystem, while jand p are those values for all fish species, anid the

number of fish taxa available in the system, based on relative abundance sampling. Percent
occurrence was calculated as the number of Blue Catfish with a given fish taxatontiaeh

divided by the total number of stomachs containing fish. Relative prey abundance, or the

proportion of the available prey field, was calculated as the mean proportion of a fish species per
sampling event (Juanes et al. 2001; Link 2004). Selectrgityes were calculated for individual

prey species using stomachs from catfish captured within the same sampling stretch during the
same time (April and May). The index ranges from 0 to 1, with completely random feeding

occurring at Irh, wheremis the tdal number of prey types found during sampling. Prey items

with Chesson's U values greater than the rand
with Chesson's U values that were |l ess than r
Our selectivity analysis focused @&losaspecies and those species that were consumed by

catfish and were found during relative abundance sampling. Only species found in multiple
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stomachs (N>1) were analyzed, as inclusion of rare prey can be problematic (Confer and Moore

1987).

Results

Stomachcontents were extracted from a total of 2,495 catfish during March, April, and May.
Blue Catfish (N=2,164) were more commonly encountered than Flathead Catfish (N=331),
though Flathead Catfish had a larger average size (Figure 2). High frequency ef@agrofis
enabled the capture of many larger fish, with 30.41% of Blue Catfish (N= 658) and 87.31% of
Flathead Catfish (N= 289) exceeding 600 mm TL. Of the catfish collected, prey items were

found in 1,539 Blue Catfish stomachs (71.12%) and 204 Flathead Gatfishchs (61.63%).

Sample size sufficienéy.Cumulative prey curves for both Blue Catfish and Flathead Catfish
achieved slopes (B) of less than 0.05 (B= 0.02 and B=0.01, respectively), indicating adequate
sample size for diet description (Brown et @12; Figure 3). Sample size requirements were
much greater for Blue Catfish, as they ate a broader array of prey species than Flathead Catfish
(approximately 50 prey taxa vs. 20 prey taxa), and the Blue Catfish prey curve required over

1,000 stomachs t@ach a sufficient asymptote.

Ontogenetic shiftd . Flathead Catfish were exclusively piscivorous, so ontogenetic shifts were
not analyzed. Smaller Blue Catfish relied heavily on vegetation, mollusks, and invertebrates,
while larger fish began to incluaeore fish in their diet (Figure 4). Leng#ipecific analysis
indicated a significant ontogenetic shift-{ test;P<0.01), andoost hodesting indicated a

significant increase i n pisci PdDOyFique4)500 mm
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Diet compositiond Blue Catfish exhibited a broad diet consisting of insects, vegetation,

mollusks, crustaceans, reptiles, amphibians, fish, birds, mammals, cnidarians, and anthropogenic
debris (Table 1). Smaller Blue Catfish mostly consume vegetationpdetribllusks, and other
invertebrates. Blue Catfish > 500 mm TL become more piscivorous, but still feed on crustaceans,
mollusks, and vegetation (Figure 4). It is important to note that while Blue Catfish were far more
abundant than Flathead Catfish, tHaeBCatfish population is largely comprised of small
individuals (O500 mm TL), and the difference

versus larger, piscivorous Blue Catfish (>500 mm TL) was less substantial (Figure 2).

Many species of fish wemnsumed by Blue Catfish (Table 2), yet only a few species were
consumed regularly. When looking at the population as a whole, Gizzard8hesbma
cepedianumvere the dominant fish prey consumed by Blue Catfish in terms of %W and %0
(Figure 5). Alosinesvere found in 4.46% of Blue Catfish stomachs during the spring; however,
this was mostly Hickory Shatllosa mediocriswhich was found in 1.17% of Blue Catfish
stomachs. American Shad, Alewife, and Blueback Herring were all found in less than 1% of
Blue Catfish stomachs. Blue Catfish also preyed upon American Eel, White Merohe
americanalLepoms species, and members of Cyprinidae and Ictaluridae (Figure 5). While
DNA barcoding did enable us to identify some 27 species of fish consumed by Blul Catfis
(Table 2), unidentifiable fish bones were still routinely encountered in catfish stomachs during
the spring (Figure 4). When looking at larger, piscivorous Blue Catfish (>500 mm TL), fish were
consumed more frequently, and Gizzard Shad (33.92%) and Rérite (7.73%) were the

dominant prey consumed in terms of percent occurrence (Table 2). Hickory Shad were the most
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commonly consumedlosaspecies for large Blue Catfish in terms of percent occurrence
(4.99%), followed by Blueback Herring (2.99%), Alew{f249%) and American Shad (0.35%;

Table 2).

Unlike Blue Catfish, even small Flathead Catfish were exclusively piscivorous, feeding on
several species of fish (Table 3). Flathead Catfish preyed heavily on Gizzard Shad, White Perch,
andalosines, which werfound in 16.67% of stomachs (Figure 5). While Blue Catfish consumed
mostly Hickory Shad, Flathead Catfish consumed mostly Blueback Herring, which were found in
9.31% of stomachs (Figure 4). American Shad and Alewife were found in 1.47% and 2.94% of

Flathead Catfish stomachs, respectively.

In terms of relative importance, fish prey were generally more important to Flathead Catfish than
to Blue Catfish (Figure 6). Here, we compared piscivorous Blue Catfish (>500 mm TL), to
Flathead Catfish, which were euslvely piscivorous. For Blue Catfish, Gizzard Shad were the
most important fish prey consumed (PSIRI= 10.19%), while Flathead Catfish relied on Gizzard
Shad, White Perch, amdlosaspecies; primarily Blueback Herring. Percent relative importance

for all four alosine species was 13.46% for Flathead Catfish and only 0.56% for Blue Catfish
(Figure 6), further indicating major differences in the utilization of alosine prey by Blue Catfish

versus Flathead Catfish.

Spatiotemporal analysi. Blue Catfish were sapled at hundreds of sites within five distinct
sampling areas: netidal freshwater, tidal freshwater, Herring Creek, Wards Creek, and Gordon

Creek. Due to numerous rapids and hazardous river conditions, fish fretidaldineshwater
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locations were sam@tl at dozens of sites in the pool below Bosher Dam and the pool near the
Manchester Bridge (Figure 1). Spatial analysis showed a significantly higher occurrénagseof
predation (& 10% occurrence) in thesdremther eas,
tailwaters of Bosher DaniP&0.01; Figure 7). Occurrence Afosaspecies in the diets of Blue

Catfish within Herring Creek, Wards Creek, Gordon Creek, and tidal fresh areas was generally
less than 5% (Figure 7)emporally,Alosapredation was not observed in March, peaked in

April, and declined in May. This likely corresponded with the puls&la$aspecies through our
sample locations, which is driven by a variety of abiotic factors (Tyus 1974; Kissil 1974).
Flathead Catfish weronly regularly encountered in tidal freshwater andtital freshwater

areas and, while mowslosapredation (31.82% vs 15.93%) occurred in4tidal freshwater than

in tidal freshwater, the difference was not signific&t@.08; Figure 7). While a fewlathead

Catfish (N=3) were encountered in oligohaline creeks (Herring Creek and Wards Creek), none of

these fish preyed on alosines.

Temporal analysis revealed significant difference&losapredation during the spring (Figure

8). Alosapredation peadd in April and continued into May, while #dosapredation was

observed in March. This trend generally corresponded with the relative abundéheseof
species in the environment, which was highly

8).

Selectivity of Fish Pre§. In April, no conclusive selectivity patterns for Blue Catfish were
detected (Figure 9). There was positive selectivity of cyprinids and White perch, though 95%

confidence intervals overlapped with neutral feeding. In May, Batésb selectively fed on
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Hickory Shad, which were commonly encountered during our relative abundance sampling
(Figure 9). Blue Catfish also showed selective feeding patterdddsa spp (all four species
pooled), river herring, and White Perch, butsta@atterns were inconclusive as 95% confidence
intervals overlapped with neutral feeding. Selectivity of American Shad by Blue Catfish was not
assessed, as American Shad were only found in one Blue Catfish stomach, and inclusion of

extremely rare prey cdme problematic in selectivity studies (Confer and Moore 1987).

In April, Flathead Catfish selectively preyed on American Shad (Figure 9). Flathead Catfish also
demonstrated inconclusive selective feeding of White Perch, as 95% confidence intervals
overlapped with neutral feeding (Figure 9). In May, Flathead Catfish selectively preyddsan
species, Channel Catfish, Cyprinids, and American Shad (Figure 9). There was inconclusive
selectivity of river herring and White Perch, as, again, 95% confideter®ais overlapped ith

neutral feeding (Figure 9).

Discussion

Blue Catfish and Flathead Catfish had differing food habits during the spring. Blue Catfish had
diverse, omnivorous diets indicative of a generalist feeding strategy, while Flathead Catfish fed
solely on piscine prey. Differences in food habits were further emphasized by the results from
our cumulative prey curve analysis. While cumulative prey curves for both species reached
sufficient asymptotes (B<0.05), sample size requirements for BlusiCattre much greater,

and the curve did not reach an asymptote until nearly 1,000 stomachs. It is logical that an
opportunistic omnivore would have greater sample size requirements than a piscivore, as they
consume a much broader array of prey speciedeWWtudies on Blue Catfish diet have been

published with extremely limited replicatioa.¢.MacAvoy et al. 2000; N=22), we recommend
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the inclusion of cumulative prey curves to assess sample size sufficiency, as inadequate

replication can lead to erroneoaonclusions (Ferry and Cailliet 1996).

Predation of alosines by Flathead Catfish was concernifgpaaspecies were found in up to

30% of stomachs in certain areas. The prinrddogaspecies consumed by Flathead Catfish was
Blueback Herring, which we found in nearly 10% of stomachs, and they also consumed
American Shad and Alewife, to a lesser degree. Even small Flathead Catfish were piscivorous;
this is likely mediated by their huge gape, which is one of the largest of any North American
freshwaterspecies (Slaughter and Jacobsen 2008). Because of their voracious feeding habits,
Flathead Catfish are already considered to be one of the most ecologically harmful introduced
species in the United States (Fuller et al. 1999), and several studies haveadynp

demonstrated declines in native fish populations following Flathead Catfish introduction (Guier

et al. 1984, Ashley and Buff 1988, Thomas 1995, Kwak et al. 2006).

Alternatively, Blue Catfish consumed invertebrates, mollusks, crustaceans, amphibptiles,

birds, mammals, anthropogenic waste (including condoms, feminine products, and raw sewage),
and nearly 30 taxa of fishlosaspecies were only occasionally encountered in Blue Catfish
stomachs, and these were primarily Hickory
Blue Catfish dietary ontogenies revealed a significant shift to piscivory at 500 mm TL, yet even
largeBlue Catfish rarely consumed alosines. Alewife and Blueback Herring were found in less
than 3% of #fApiscivorouso (>500 mm TL) Bl ue
found in less than 0.50% of stomachs. Blue Catfish have incredibly diversendides\a

selective feeding patterns emerged, thus we would classify them as opportunistic omnivores.
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This hypothesis could explain the low occurrence of depleted alosines in Blue Catfish stomachs.
If this is the case, futur&losapredation by Blue Catfishoeild still be a problem, as it is likely to

increase if alosines begin to recover.

High sitespecific variability in the relative abundance of prey yielded broad 95% confidence
limits, so few conclusive selectivity patterns emerged. Blue Catfish exhilmtselectivity

patterns in April, yet began to selectively feed on Hickory Shad in May. The Hickory Shad we
observed in May had already spawned and may have been weakened from rigors of
reproduction. While otheilosaspecies would be weakened by thevapas well, Hickory Shad
were the most abundant alosine encountered, which further supports the hypothesis that Blue
Catfish are opportunistic feeders. Moreover, observed predation of Hickory Shad may actually
be scavenging, aslosaspecies are susceptito high levels of postpawn mortality (Durbin et

al. 1979) and Blue Catfish are known to scavenge (Graham 1999).

Flathead Catfish displayed several selectivity patterns. Flathead Catfish selectively consumed
American Shad during April and May, thougtgain, we were unable to discern predation events
from scavenging events. It is well known; however, that Flathead Catfish prefer live prey and are
less prone to scavenging than other North American Ictalurids (Jackson 1999), thus scavenging
is unlikely. We encountered several American Shad in the stomachs of Flathead Catfish, while
American Shad were rarely encountered during our relative abundance sampling. Our selectivity
analysis assumes equal capture probability for each prey species, which cowldl&agtic, as
American Shad are largmdied, strong swimming fish that generally swim deeper in the water

column than otheflosaspecies (Waldman 2013), which may make them less susceptible to
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electrofishing gear. If this is the case, selectivity of Acaar Shad by Flathead Catfish may be
overstated, yet Flathead Catfish still consumed American Shad more frequently than Blue
Catfish. Flathead Catfish also selectively preyed on Cyprinids, mostly Common Carp, and

Channel Catfish, neither of which are natte the James River (Jenkins and Burkhead 1994).

Consumption of alosines was rare in estuarine creeks, but increased further upstream in tidal
freshwater and nehdal freshwater areas. The James River from Bosher Dam to the bottom of
fall line is full of boulders, rapids, and remnants of old bridges and dams. This complex structure
offers numerous ambush points for catfish, and alosine predation was significantly higher here.
Alosine predation was particularly high in the tailwaters of Bosher Dam. Adagvbdam

originally constructed in 1823, Bosher Dam is found just west of Richmond, VA, and currently
serves no major purpose. While a vertical slot fishway was constructed in 1999, it appears that
this dam is may be an obstacle to anadromous fish passagjesines were consumed more

often here, and were found in approximately 10% of Blue Catfish stomachs and 32% of Flathead
Catfish stomachs. Seasonalyosapredation peaked in April and declined in May, while no
Alosapredation was observed in Marchivén this evidence, targeted removal efforts should be
focused during early April through the end of May. While removal ofindigenous catfish

from big rivers is probably futile for population control (Bonvechio et al. 2011) and is likely to

be met withopposition from special interest groups (Weller and Geihsler 1999), it could still
help mitigate alosine predation in areas that
efforts should focus on structures that act as barriers to alosine omgeshlosapredation was

highest in these areas. We realize that fAbarr
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more research will be necessary to identify these critical areas within the Chesapeake Bay if

removal programs are to be attempted.

Whil e Blue Catfish do not appear to be fAapex
al. 2000), introduced generalists are quite capable of replacing native species through biotic
homogenization, a process that can cause major changes in comstiucityre and ecosystem

function (Olden et al. 2004). Generalists are so capable of replacing natives, in fact, that
ecologists often call them Awinnero species (
sparked renewed interest in the charazation of generalist species worldwide (Aradjo et al.

2011, Bolnick et al. 2011, Clavel et al. 2011, Loxdale et al. 2011). Ecological resistance to

invasion is often directly proportional to native species richness, as more native species reduce

the avaiéble niche space through competition (Lockwood et al. 2013). The incredibly

omnivorous nature of Blue Catfish may make them immune to competition, as they can survive
onabundantresourcesgq detri tus or vegetation)emudhl at heac
competition either, as Vi-bodiedcompdiiter sgecied,avith r i ver
the exception of the BowfiAmia calvaand Longnose Gdrepisosteus osseustriped Bass

Morone saxatilignay also compete with namative catfish, altough the majority of the

popul ation is only present in the tidal fresh
thus limiting the temporal overlap between these species (Walter and Austin2et33r

bowfin nor longnose gar offer much coetpion for invading catfish. Bowfin specialize in

swampy, backwater habitat and only rarely occupy brackish waters (Jenkins and Burkhead

1994), while longnose gar feed on smaller fish like silversides (Atheriniopsidae) and are

generally unable to prey dish that exceed 200 mm TL (Tyler et al. 1994). This means that
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large nonnative catfish are likely the only resident fish capable of consumingl@00nm adult

Gizzard Shad that dominate the biomass of the James River (Garman and Mitchell 1989).
Predatiorcan also limit the success of invasives (Lockwood et al. 2013), but native fish species
are unable to prey on anything but the smallest Blue Catfish or Flathead Catfish, though these
catfish are susceptible to avian predation (Glass and Watts 2009¢rf-bdth catfish species

have locking defensive pectoral and dorsal spines, and defensive spines have been demonstrated
to prevent ingestion of catfish by predators (Bosher et al. 2006). These factors, along with others,

have likely played a role in thestessofnomat i ve catfish in Virginiad¢

While the problems associated with introduced species are well documented, many freshwater

fish introductions have minimal ecological impacts with great societal benefits (Gozlan 2008).

The attentioB| ue Catfi sh have received as an fiinvasi
center of much controversy, as the James River now supports a natienatiyized trophy

fishery which financially supports numerous local guides and tackle shopslitiomdBlue

Catfish support viable commercial fisheries i
been increasing steadily since the early 2000
Catfish in Virgini adaisgeffectdrad has resuled in disagreermenthaa d a

some detest the fish, citing ecosystem changes since introduction, while others rely on this

resource for their livelihood. While some argue that all fish introductions should be considered
Aguil tyeuntiinilnopcreont 0 ( Si mberl off 2007), others
ofnronnati ves should be based on fnapuast af e mdhtes @
(Gozlan 2008). While we have shown that Blue Catfish do not routinely consigraging

adult alosines during the spring, there are still concerns about the predation of juveniles as they

41



emigrate out of the rivers in the fall. Moreover, there are still concerns about impacts on native
White CatfishAmeiurus catuswhich have declingsubstantially since the introduction of Blue
Catfish (Tuckey and Fabrizio 2010) and Blue Crab, which are one of the most commercially

valuable species in the Chesapeake Bay (Sharov et al. 2003).

Many factors have been implicated in the declin@lotaspecies along the Atlantic coast
(Bethoney et al. 2013), but can predation rea
causality, there was a significant statistical relationship between Striped Bass relative abundance
and increasing mortalityf Blueback Herring and American Shad in the Connecticut River,

causing scientists to suspect that predation was a major driver of observed declines (Savoy and
Crecco 2004). Striped Bass, a large piscivore that is sympatric with Alewife, Blueback Herring,
and American Shad, is known to travel well above the salt wedge in large rivers to gorge on

these species during the spring (Savoy and Crecco 2004; Davis and Schultz 2009). Moreover, the
Atlantic population of Striped Bass population has recovered tchietaric levels (Hartman

and Margraf 2003), and has been implicated in contributing to-eedstalosine declines (Davis

and Schultz 2009). Our results demonstrate that Flathead Catfish routinely consume American
Shad and Blueback Herring; therefore, tbenbined predation pressure of Flathead Catfish and
Striped Bass may have a significant impact on migrating alosines in rivers where-theguco
Interestingly,Alosaspecies were found in 4% Flathead Catfish stomachs, which is similar to
percent ocurrence of river herring in the spring diets of Striped Bass in tidal freshwater portions

o

of the Chesapeake Bay (a 29%; Walter and Aust
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While this study demonstrates that Flathead Catfish have are likely to have a greater per capita
impact onalosines than Blue Catfish, Blue Catfish may exert a greater overall effect due to

larger population sizes, though population estimates will be needed for these comparisons to be
made. Blue Catfish are generally more abundant than Flathead Catfish, tie@jhe Catfish
population is largely comprised of small, apiscivorous individuals. Lengtfrequency

histograms from this study indicate that differences in the relative abundance of Flathead Catfish,
which are piscivorousoabusmaBl uesei €asfi sbhraus
substantial. This may mean that Flathead Catfish, at least within the freshwater and tidal
freshwater portions of the James River, are having a greater impact on native fish species than

previously anticipated.

Al osine populations crashed | ong before catfi s
(Bethoney et al. 2013), thus it is unlikely that catfish are major contributors to these declines.
Virginiads tidal river s i eyaldrobléne ingludidgrdegraded by a
spawning habit, obstacles to fish passage, and increasing predation by piscivores (ASMFC 2012;
Brown et al. 2013; Bethoney et al. 2014). Moreover, bycatch of river herring and American Shad
within offshore fisheries may lextreme, and is believed to be hindering restoration efforts for

these species (Bethoney et al. 2013; Hasselman et al. 2016). Striped Bass stocks have also
increased substantially since the 1980s (Richards and Rago 1999); therefore, we also recommend
revis ting the spring diets of striped bass in V

may be driven by the composite effect of increasing native aneatre predator biomass.
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While this study provides valuable insight into interactionsvbeh introduced catfish akdosa
species, there is still a need to describe the diets of Blue and Flathead Catfish across broad
spatiotemporal scales within the Chesapeake Bay. Further, we cannot quantify poteiation
consumption without credible estates of population size and length structure for both catfish
species, though estimates of Blue Catfish density (number/hectare) have been made in Powell
Creek, an oligohaline tributary of the James Rip@rgonal communicatigraron Bunch,

Virginia Department of Game and Inland Fisheries). Further, Flathead Catfish density estimates
have been made within the tidal freshwater portion of the James Rérsofial communication
Jason Emmel, Virginia Tech). Flathead Catfish populations should be momltosety, as

future expansion is inevitable within the York River, and piscivorous Flathead Catfish are known

to cause major declines in native fish biomass.

This study provides the first published diet description for introduced Flathead Catfish wathin th
Chesapeake Bay; this is particularly important as Flathead Catfish afenveth as a

dangerous invaders (Fuller et al. 1999) and future expansion of the species is likely (Brown et al.
2005). This study also represents the first focused descriptadnsifie predation by nemative

catfish during the spring, a time during which marine nutrient input Aktosaspecies
restructures the food web within Virginiads
alosine predation have widespread irogiions, as Blue and Flathead Catfish have been

introduced into many Atlantic slope drainages from Pennsylvania to Florida (Graham 1999;
Jackson 1999), and many of these rivers support spawning populations of alosines (Schmidt et al.
2003; Ray and RobbirZ016). While riverspecific estimates of alosine predation by introduced

catfish will be useful in the future, estimates from this study can be applied to other Atlantic
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slope rivers in the interim. Findings from this study will be useful in the consinucti
ecosystem models and subsequent ecosyiséa®md management recommendations (Pauly et al.
2000; Harvey et al. 2003), which will be useful for the future management ohdigenous

Blue and Flathead Catfish in Atlantic drainages.
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Tables and Figures

Table 1 Percent by number, percent by weight, and percent occurrence for prey consum

Blue Catfish (N= 1,539) from the James River during March, April, and May.

Prey %N %W %0
Amphibia
Ranidae
Ranaspp 0.08% <0.01% 0.08%
Amphipoda
Leptocheirus plumulosu 2.91% <0.01% 0.25%
Gammaridae 3.49% 0.13% 2.01%
Annelida 0.37% <0.01% 0.21%
Anthropogenic Debris 1.89% 0.63% 1.48%
Aquatic Vegetation 16.53% 4.69% 16.53%
Aves
Unidentified bird remains 0.12% 0.04%  0.12%
Cnidaria
Ulmaridae
Aurelia auris 0.08% 0.02%  0.08%
Decapoda
Panopeidae
Panopeus herbsti 0.86% 0.01% 0.21%
Rithropanpeus harrisii 2.95% 0.07% 0.57%
Cambaridae
Orconectes limosu: 1.76% 0.11%  0.70%
Procambaruspp. 0.78% 0.23% 0.70%
Palaemonidae
Palaemonetes pugit 0.04% <0.01% 0.04%
Portunidae
Callinectes sapidus 1.56% 0.33% 1.48%
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Diplopoda
Fish*
Insecta
Coleoptera
Hemiptera
Megaloptera
Trichoptera
Odonata
Ephemeroptera
Plecoptera
Isopoda
Cyathura polita
Mammalia
Cricetidae
Ondatra zibethicus
Unidentified mammal remain
Mollusca
Unionidae
Anodontaspp.

Unionid mussel
Cyrenidae
Corbicula fluminea
Mactridae
Rangiaspp.
Dreissenidae
Mytilopsis leucophaeatz
Unidentified Dreissenic
Tellinidae

Macoma spp.

0.12%

30.11%

0.33%
0.08%
0.29%
0.37%
2.50%
0.08%

0.98%

1.07%

0.04%

0.25%

0.25%

5.82%

11.28%

0.21%

1.93%

0.08%

0.49%

<0.01%

92.05%

<0.01%
<0.01%
0.01%
<0.01%
0.03%
<0.01%

<0.01%

<0.01%

0.10%

0.05%

0.03%

0.04%

0.34%

<0.01%

0.01%

<0.01%

0.01%

0.04%

23.34%

0.33%
0.08%
0.16%
0.12%
0.94%
0.04%

0.29%

0.16%

0.04%

0.25%

0.04%

0.57%

3.08%

0.12%

0.29%

0.04%

0.16%
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Sphaeriidae 0.66% 0.01% 0.25%
Viviparidae 0.12% <0.01% 0.08%
Balanidae

Balanusspp. 1.35% 0.01%  0.08%

Sediment and Detritus 8.08% 1.07% 3.53%

IAnthropogenic debris included fish hooks, plastic worms, candy, chicken bones, corn, peanuts, condoms, feminine
products, and raw sewage.

*See Table 2.
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Table 2 Percent by number, percent by weight, and percent occurrence for fish prey consumed
Catfish (N=1,539) from the James River during March, April, and May.

Prey %N %W %0
Achiridae

Trinectes maculatus  0.27% 0.02% 0.18%
Anguillidae
Anguilla rostrata  6.68% 0.42% 6.33%
Atherinopsidae
Menidia menidia  0.41% 0.02% 0.18%
Catostomidae
Moxostomaspp. 0.14% 0.16% 0.18%
Centrarchidae
Lepomis macrochirus  0.27% 0.12% 0.35%
Lepomis gibbosus  0.27% 0.15% 0.35%
Lepomis microlophus  0.27% 0.23% 0.35%
Lepomisspp. 1.50% 0.44% 1.41%

Clupeidae
All Alosa 9.54% 15.37% 10.37%
Alosa aestivalis  3.13% 2.78% 2.99%
Alosa medocris  2.72% 8.29% 4.99%
Alosa pseudoharengu  2.04% 2.25% 2.46%
Alosa sapidissime  0.27% 0.48% 0.35%
Dorosoma cepedianur  34.88% 66.95% 33.92%
Cyprinidae
Cyprinus carpio  0.54% 2.52% 0.70%
Hybognathus regius  2.86% 0.12% 1.58%
Nocomis micropogor  0.14% 0.02% 0.18%
Notropis hudsonius  0.95% 0.10% 1.05%
Cyprinusspp. 3.41% 0.11% 0.70%
Ictaluridae
Pylodictis olivaris  0.14% 0.00% 0.18%
Ictalurus punctatus  0.14% 0.03% 0.18%
Ictalurus furcatus  2.04% 2.11% 2.64%

Ameiurus catus  0.27% 0.19% 0.35%
Lepisosteidae
Lepisosteus osset  0.14% 0.56% 0.18%

Moronidae
Morone saxatilis  0.14% 0.05% 0.18%
Morone americana 7.77% 3.62% 7.73%
Percidae
Etheostoma flabellare  0.41% 0.00% 0.18%
Etheostoma olmstec  0.41% 0.10% 0.53%
Perca flavescens 0.41% 0.05% 0.35%
Petromyzontidae

Petromyzon marinus  0.14% 0.43% 0.18%
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Table 3. Percent by number, percent by weight, and percent occurrepoeyfconsumed
by Flathead Catfish from the James River during March, April, and May (N=204).
Prey %N %W %0

Anguillidae
Anguilla rostrata 0.31% 0.09% 0.49%

Clupeidae
All Alosa 24.00% 23.55% 16.67%
Alosa aestivalis  15.08% 10.58% 9.31%
Alosa medocris 0.31% 1.13% 0.49%
Alosa pseudoharengu 2.77% 3.05% 2.94%
Alosa sapidissime 0.92% 3.86% 1.47%
Dorosoma cepedianur  24.92% 48.80% 32.84%

Cyprinidae
Cyprinus carpio 0.62% 6.51% 0.98%
Cyprinusspp. 11.38% 0.70% 4.90%
Percidae
Etheostoma flabellare 2.15% 0.07% 0.49%
Ictaluridae

Pylodictis olivaris 0.31% 0.82% 0.49%
Ictalurus punctatus 1.23% 1.65% 0.98%
Centrarchidae
Lepomisspp. 0.92% 0.33% 1.47%
Moronidae
Morone saxatilis 0.62% 1.55% 0.98%
Morone americana 9.54% 2.35% 26.47%
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Figure 1. Map of major sampling areas (within rectangles) from the James River near Richmond,
Virginia. The top panel includes ndaidal freshwatesampling areas just west of Richmond: Bosher
Dam and Manchester Pool. The bottom panel includes tidal sampling areas southeast of Richmc
freshwater (primary sampling area), Herring Creek, Wards Creek, and Gordon Creek
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Figure 2.Length frequency distribution for the 2,495 catfish that were collec
from the James River during March, April, and May. This included 2,164 B
Catfish and 331 Flathead Catfish
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Figure 3. Cumulative prey curves and associated 95% confidence interval
based on stomach data from Flathead Catfish (N= 204; top panel) and BlL
Catfish (N=1,539; bottom panel) collected from the James River during M
April, and May. The last four epaints for both slopes (B) reached asympto
indicating sufficient sampling for diet description (B<0.05).
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Figure 4.Percent by weight of the major prey groups by 100 mm leng
class for Blue Catfish collected in the James River during Ma&vatil,

and May. Blue Catfish begin to include significantly more fish in thei
diet at 500 mm TL P<00lkeyds HSD
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Figure 5. Percent weight (%W) and percent occurrence (%0) for fish prey

consumed by Fl athead Catfi sh

(top

500 mm TL; bottom panel) from the James River, VA, during March, April,

and May. #AAIl osi n Amedcan Shad,|Blueback HeAihgeam

Hickory Shad grouped together into a single category.
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Figure 6. Relative Importance (%PSIRI) of fish prey consumed by Blue Catfish and
Flathead Catfish in the James River during March, April, and May.l osi ne s ¢
Alewife, American Shad, Blueback Herring, and Hickory Shad grouped together int

single category.
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