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Abstract

Planktivorous Bighead Carp Hypophthalmichthys nobilis and Silver Carp H. molitrix are two invasive species that
pose a severe threat to native aquatic biota. Efforts have been made to inhibit Bighead Carp and Silver Carp expan-
sion into the Great Lakes through hydrologically connected systems, but understanding their expansion to and from
hydrologically disconnected systems could further reduce this risk. We assessed the origin of 23 Bighead Carg and 1
Silver Carp captured from Chicago Urban Fishing Program ponds using otolith chemistry. Otolith core 'O and
8'3C of captured Bighead Carp did not overlap with ranges of otolith '°0 and 8'3C from Bighead Carp and Silver
Carp from the Illinois River but was consistent with otolith 5'30 and 5'*C of Bighead Carp obtained from aquacul-
ture facilities. Likewise, otolith core Sr:Ca of 19 captured Bighead Carp was higher than the range of otolith Sr:Ca
from Illinois River Bighead Carp and Silver Carp. Due to inferred timing of introduction (likely age-0 or age-1 fish),
these Bighead Carp may have been released incidentally via stocking sport fish shipments contaminated with the carp.
Contrastingly, otolith chemistry results suggest that the captured Silver Carp originated from the Illinois River,
although timing of introduction of this fish could not be inferred. Overall, our results indicate that nearly all fish ana-
lyzed did not originate from rivers within the Mississippi River basin and were instead likely introduced through
stocking contaminated shipments of fish. Even though Chicago Urban Fishing Program ponds now pose a minimal
threat for Bighead Carp and Silver Carp expansion into Lake Michigan, sustained urban pond monitoring and
nonnative fish removal may limit or eliminate this alternative invasion pathway. Additionally, continued vigilance in
understanding the origin of stocked fish and culture environment (e.g., polyculture) could decrease the likelihood of
future invasive species introductions through contaminated sport fish stockings.

While nonnative species have been invading native 50,000 invasive species have been introduced within the
ecosystems for millennia, globalization has increased the United States alone, costing US$120 billion annually in
number of biological invasions (Hulme 2009). Approximately —environmental damages and control efforts (Pimentel et al.

*Corresponding author: seth.love@illinois.gov
Received June 18, 2018; accepted November 30, 2018

417


mailto:

418

2005). Biological invasions also represent the second
greatest threat to imperiled species (Wilcove et al. 1998)
because invasive species can outcompete native species for
resources (Schrank et al. 2003; Irons et al. 2007), reduce
native populations through predation (Albins and Hixon
2008), or alter native community structure (Solomon et al.
2016). Thus, understanding invasive species expansion
and preventing new introductions are necessary to con-
serve native ecosystems and curtail economic losses (Leung
et al. 2002).

Two invasive species that pose a severe threat to native
aquatic biota within the United States are planktivorous
Bighead Carp Hypophthalmichthys nobilis and Silver Carp
H. molitrix. Following introduction into the United States
in the 1970s (Henderson 1976), Bighead Carp and Silver
Carp escaped confinement and began spreading through-
out the Mississippi River basin (Sampson et al. 2009).
Range expansion of Bighead Carp and Silver Carp has
caused great concern amongst Mississippi River basin fish-
eries managers because they are highly fecund (Schrank
and Guy 2002; Williamson and Garvey 2005), exhibit
rapid growth rates (Williamson and Garvey 2005), and
can rapidly disperse (DeGrandchamp et al. 2008). Fur-
thermore, Bighead Carp and Silver Carp are voracious
planktivores capable of consuming 20% of their body
weight per day (Kolar et al. 2007) allowing them to out-
compete native adult and juvenile planktivores for food
(Pendleton et al. 2017; Love et al. 2018). Consequently,
established populations of Bighead Carp and Silver Carp
have negatively impacted native aquatic ecosystems within
the Mississippi River basin (Solomon et al. 2016; DeBoer
et al. 2018).

Bighead Carp and Silver Carp were first reported
within the Illinois River, a tributary of the Mississippi
River, in 1986 (river kilometer [rkm] from the confluence
of the Mississippi River 160.9) and 1998 (rkm 204.4),
respectively (USGS 2018). Following initial detection, Big-
head Carp and Silver Carp exhibited upstream migration
within the Illinois River, and the current population front
is 71.8 rkm downstream from Lake Michigan (ACRCC
2016). A direct hydrological connection between Lake
Michigan and the Illinois River through the Chicago Area
Waterway System (Figure 1) has made the prevention of
Bighead Carp and Silver Carp expansion into the Great
Lakes a management priority (Cooke and Hill 2010).

Various management strategies have been implemented
to deter Bighead Carp and Silver Carp expansion into
Lake Michigan (ACRCC 2016). Deterrents include the
activation of an electric fish barrier 60 rkm downstream
from Lake Michigan (in the Chicago Sanitary and Ship
Canal) in 2002 (Dettmers et al. 2005; Figure 1) and the
implementation of a contracted harvest program upstream
from the Starved Rock Lock and Dam on the Illinois
River (rkm 371.8) in 2010 (ACRCC 2016). Furthermore,
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routine electrofishing, gill-netting, and seining surveys
above and below the electric fish barrier have been con-
ducted to monitor the current population front and deter-
mine whether upstream expansion has occurred (ACRCC
2016). Although these efforts seek to prevent and monitor
their upstream expansion through the Illinois and Des
Plaines rivers, Bighead Carp and Silver Carp could enter
Lake Michigan through alternative invasion pathways
such as transplantation from urban ponds in the Chicago
metropolitan area.

In 1985 the Illinois Department of Natural Resources
(IDNR) initiated the Chicago Urban Fishing Program
and routinely stocks selected ponds in the Chicago, Illi-
nois, metropolitan area with catchable-sized sport fish
(e.g., Channel Catfish Ictalurus punctatus, Bullheads
Ameiurus spp., and hybrid sunfish Lepomis spp.; IDNR
1996). Following a report of large koi carp, a variant of
Common Carp Cyprinus carpio, in one of those urban
fishing ponds (Flatfoot Lake) the IDNR response assess-
ment removed 14 large (>21.8 kg) Bighead Carp in 2011.
As a result of capturing Bighead Carp in Flatfoot Lake,
the IDNR expanded Bighead Carp and Silver Carp sam-
pling to all other Chicago Urban Fishing Program ponds
and has cumulatively removed 34 Bighead Carp from
these ponds since 2011 (Figure 1; Table 1). Additionally,
nine other Bighead Carp and one Silver Carp have been
removed through nonconventional means (e.g., fish Kkills,
snagging, and rotenone rehabilitation). While managers
are unaware of how these Bighead Carp and Silver Carp
were introduced, they speculate that these fish were intro-
duced either (1) accidentally by bait bucket transfers from
nearby rivers with established populations (e.g., Illinois
River), (2) incidentally during sport fish stockings by
means of contaminated shipments, (3) intentionally by
humans, or (4) through a combination of these means.
Understanding the origin of urban pond Bighead Carp
and Silver Carp could help prevent further urban pond
introductions and reduce the risk of urban pond Bighead
Carp and Silver Carp being transferred into Lake
Michigan.

Fish origin has traditionally been determined through
the application of physical markers (e.g., fin clips; Guy
et al. 1996) or the insertion of identifiable tags (e.g., PIT
and coded wire tags; Jenkins and Smith 1990; Johnson
1990). Physical markers and identifiable tags are useful for
identifying hatchery individuals from wild individuals but
do not provide geographical information pertaining to
wild fish origin. Fish otoliths, on the other hand, incorpo-
rate the chemical elements from the surrounding environ-
ment during their formation and remain metabolically
inert during a fish’s life (Campana and Thorrold 2001).
Thus, trace element concentrations and stable isotope
ratios of some chemical elements present in fish otoliths
are strongly correlated with the elemental concentrations
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FIGURE 1. Location of IDNR Chicago Urban Fishing Program ponds sampled for Bighead Carp and Silver Carp. Graduated symbol size indicates
the number of Bighead Carp and Silver Carp captured with the largest circle indicating 20 individuals and squares indicating none were captured.

Fish passage barriers are displayed as a gray lightning bolt (electric fish barrier) or gray arrow (lock and dam).
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TABLE 1. Locations and number (n) of Bighead Carp and Silver Carp captured in Chicago Urban Fishing Program ponds. Conventional IDNR
sampling (electrofishing and netting) and nonconventional collection methods are listed, along with the amount of sampling effort where appropriate.
The number in parentheses behind collection method indicates the number of Bighead Carp and Silver Carp captured.

Minutes of Meters of  Bighead Carp  Silver Carp

Location electrofishing net (n) (n) Collection method
Cermak Quarry 60 0
Columbus Park 48 160 3 Winterkill
Commissioners 30 160

Park
Community Park 30 160 1 Citizen snagging
Douglas Park 48 322
Flatfoot Lake 780 4,345 20 IDNR sampling
Garfield Park 216 160 3 IDNR sampling (2),

summerkilll (1)
Gompers Park 18 0
Humboldt Park 138 805 9 IDNR sampling (8),
winterkill (1)

Jackson Park 258 2,897
Joe’s Pond 30 483 1 IDNR sampling
Lake Owens 60 483
Lake 60 483

Shermerville
Lincoln Park 0 0 3 Rotenone rehabilitation

South
Marquette Park 78 644
McKinley Park 60 483
Riis Park 12 0
Schiller Pond 120 0 3 IDNR sampling
Sherman Park 60 483 1 Winterkill
Washington Park 90 483
Totals 2,196 12,553 43 1
of water the fish inhabits (Pracheil et al. 2014). This METHODS

allows otolith chemistry to provide insight into the envi-
ronmental life history of an individual fish (Pracheil et al.
2014). Otolith chemistry has been used to identify sources
and natal habitats of introduced fish species including
Lake Trout Salvelinus namaycush, Largemouth Bass
Micropterus salmoides, Bluegill Lepomis macrochirus, and
Common Carp (Munro et al. 2005; Whitledge et al. 2007,
Crook et al. 2013). More specifically, Norman and Whi-
tledge (2015) characterized relationships between water
and otolith chemistry for Bighead Carp and Silver Carp
and used otolith stable oxygen and carbon isotope (5'%0,
8'3C) and strontium : calcium (Sr:Ca) ratios to assess
natal environments of these species in the Illinois River.
We assessed the probable origin of Bighead Carp and Sil-
ver Carp removed from urban ponds by comparing their
otolith chemistry (8'%0, 8'3C, and Sr:Ca ratios) with oto-
lith chemistry data from Bighead Carp previously col-
lected from an aquaculture facility and Bighead Carp and
Silver Carp from the Illinois River.

A electrofishing boat using pulsed DC and/or trammel
and gill nets ranging from 89 to 108 mm bar mesh were
used to monitor urban ponds for Bighead Carp and Silver
Carp. Both electrofishing and netting were conducted so
that most, if not all, of the waterbody was sampled. Some
fish were also collected via summerkill and winterkill
assessment, rotenone application, or snagging by citizens.
Lapilli otoliths were removed from Bighead Carp and Sil-
ver Carp using nonmetallic forceps, rinsed with distilled
water to remove adhering tissue, and stored dry in poly-
ethylene microcentrifuge tubes until their preparation for
stable isotope and elemental analysis. One lapillus from
each fish was used for stable oxygen and carbon isotope
analysis. Otoliths were embedded in Epo-fix epoxy, sec-
tioned in the transverse plane using an ISOMET low-
speed saw, sanded using silicon carbide sandpaper (800
and 1,000 grit) to achieve a 0.7-mm section centered on
the otolith primordium, and polished with lapping film.
Sectioned otoliths were affixed to glass microscope slides
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using double-sided tape. A 250-ug subsample of CaCOs
powder was drilled from the core of each otolith (centered
on the primordium) using a New Wave Research micro-
mill and placed in a Labco Exetainer vial. A stable oxy-
gen and carbon isotope analysis of otolith subsamples was
conducted using a ThermoFinnigan Delta V isotope ratio
mass spectrometer interfaced with a Gas Bench II carbon-
ate analyzer at the Southern Illinois University Mass
Spectrometry Facility. All measurements are reported in
standard delta notation relative to the Vienna Pee Dee
Belemnite standard: §8'0 or §"°C (%0) = [(Rgampie/Rstan-
dard) — 1] x 1,000; where R represents '®0:'°0 or
13C:12C. Analytical precision estimated from the analysis
of laboratory standards was 0.09%0 for 8'*0 and 0.07%
for 5'°C.

The second lapillus from each fish was used for Sr:Ca
analysis. Otolith embedding, sectioning, and polishing
were as described for stable oxygen isotope analysis,
except that the target thickness of the sectioned otolith for
Sr:Ca analysis was 0.5 mm. Polished sections were
mounted on acid-washed glass microscope slides using
double-sided tape, ultrasonically cleaned for 5 min in
ultrapure water, dried for 24 h under a class 100 laminar
flow hood, and stored in acid-washed polypropylene petri
dishes within a sealed container until analysis. Otoliths
were analyzed for strontium and calcium concentrations
using a Perkin-Elmer DRC II inductively coupled plasma
mass spectrometer paired with a CETAC Technologies
LSX-213 laser ablation system. The laser ablated a tran-
sect extending from one side of the otolith primordium to
the edge of the opposite side of the otolith (beam diame-
ter = 25 pum, scan rate = 5 um/s, laser pulse rate = 20 Hz,
laser energy level = 75%). Isotopes assayed included **Ca
and °Sr. Each sample analysis was preceded by a 30-s
gas blank measurement. A calcium carbonate standard
(MACS-3; U.S. Geological Survey) was analyzed every
12-15 samples to enable quantification and correction of
possible instrumental drift. Correction for gas blank and
drift effects and conversion of raw isotopic counts to ele-
mental concentrations (pg/g) were performed using a
Microsoft Excel macro (GeoPro) developed by CETAC
Technologies. Strontium concentrations were converted to
molar Sr:Ca ratios (umol/mol) using calcium as an inter-
nal standard and the stoichiometric concentration of cal-
cium in aragonite.

Potential sources of individual Bighead Carp and Silver
Carp from urban ponds were inferred by comparing oto-
lith core §'%0, 8'°C, and Sr:Ca of urban pond fish with
otolith 8'®0, §'°C, and Sr:Ca of previously captured Big-
head Carp and Silver Carp from the Illinois River (Nor-
man and Whitledge 2015). The Illinois River is the nearest
waterbody that has established, self-sustaining populations
of Bighead Carp and Silver Carp and thus represented a
plausible source of urban pond fish. Other rivers within
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the established U.S. ranges of Bighead Carp and Silver
Carp (including the Mississippi, Missouri, Ohio, and
Wabash rivers) were also assessed as potential sources of
urban pond fish by comparing published water chemistry
data (and, by extension, expected otolith chemistry values
for Bighead Carp and Silver Carp) for these rivers with
Illinois River water chemistry data (Coplen and Kendall
2000; Zeigler and Whitledge 2011; Norman and Whitledge
2015; Laughlin et al. 2016). Otolith core 8'%0 and §'°C
were also compared with otolith §'30 and §'*C of juvenile
and adult Bighead Carp (197-953 mm TL) obtained
from aquaculture ponds in the south-central USA (G. W.
Whitledge, unpublished data). The probable timing of
introduction of individual fish was assessed by associating
locations of abrupt shifts in otolith Sr:Ca along laser abla-
tion transects (indicative of fish movement between waters
with different Sr:Ca ratios) with distance from the otolith
primordium. Individual fish were inferred to have poten-
tially been introduced into the pond in which they were
collected at age 0 or age 1 if their otolith Sr:Ca declined
to values expected for Chicago urban ponds within
approximately 300-350 um of the otolith primordium.
This distance threshold was used because the reported oto-
lith radius of age-0 Bighead Carp collected during late fall
was 325 + 29 um (mean + SE) (Norman and Whitledge
2015). Probable fish introduction into ponds at larger sizes
and/or older ages would have been inferred from shifts in
otolith Sr:Ca to values expected for Chicago urban ponds
at locations along laser ablation transects that were closer
to the otolith edge; however, this was never observed
among the 24 fish analyzed.

RESULTS

Overall, 2,196 min of electrofishing and 12,553 m of
gill net were used to monitor 19 urban ponds, and one
pond was assessed by rotenone rehabilitation (Table 1).
Twenty-four lapilli otoliths were used for Sr:Ca analysis,
and 16 were used for stable isotope analysis due to
difficulties locating both otoliths during extraction. Otolith
5'%0 values of Bighead Carp captured from Chicago
urban fishing ponds did not overlap with those of Bighead
Carp and Silver Carp from the Illinois River but were
consistent with aquaculture-reared Bighead Carp (Figure 2).
Similarly, otolith core Sr:Ca of 19 out of 23 Bighead Carp
from urban ponds were higher than the otolith Sr:Ca
range for Bighead Carp and Silver Carp from the Illinois
River (Figure 3). However, otolith core 5'%0, 8'°C, and
Sr:Ca of the Silver Carp removed from Sherman Park
Pond fell within the ranges of otolith 8'%0, 8'°C, and
Sr:Ca for Bighead Carp and Silver Carp from the Illinois
River (Figures 2, 3).

Otoliths from 19 of 23 Bighead Carp analyzed (83%)
exhibited a decline in Sr:Ca from high values in the otolith
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FIGURE 2. Otolith core 8'%0 and §'*C for Bighead Carp (n = 15, open
diamonds) and Silver Carp (n =1, open circle) captured in Chicago
Urban Fishing Program ponds, otolith '%0 and §'*C of Bighead Carp
reared in aquaculture ponds (n = 9, open triangles), and otolith core 5'*0
and 8'°C of Bighead Carp and Silver Carp from the Illinois River
(n = 237, plus symbols).

core (750-1,900 pmol/mol; within 50-150 um of the otolith
primordium) to lower values (range, 400-650 pmol/mol)
toward the otolith edge (mean, 618 pumol/mol; within
50 um of the otolith edge) (Figure 4). Mean otolith edge
Sr:Ca of 618 pmol/mol was consistent with expected oto-
lith Sr:Ca for resident fish in Chicago urban ponds based
on Sr:Ca of water samples taken from these sites during
2010-2012 (range, 1.5-1.8 mmol/mol) and a regression
relating water Sr:Ca and Bighead Carp and Silver Carp
otolith Sr:Ca (Norman and Whitledge 2015). Otolith
Sr:Ca for the Silver Carp collected in Sherman Park Pond
remained between 550 and 650 umol/mol throughout the
laser ablation transect.

DISCUSSION

Otolith chemistry helped determine the potential origins
of invasive Bighead Carp and Silver Carp in hydrologi-
cally disconnected urban ponds in the Chicago metropoli-
tan area. Otolith 8'%0 is strongly correlated to 8'80 of
ambient water (Dufour et al. 2005; Ashford and Jones
2007; Norman and Whitledge 2015). Thus, large-scale
geographic differences in precipitation 5'%0 and corre-
sponding differences in surface water 8'%0 between the
south-central USA (where aquaculture facilities with Big-
head Carp existed) and the north-central USA (Kendall

FIGURE 3. Boxplot showing range, interquartile range, and median
otolith core Sr:Ca for Bighead Carp (BHC) and Silver Carp (SVC)
captured from Chicago Urban Fishing Program ponds (n = 24) and for
resident Bighead Carp and Silver Carp from the Illinois River (IL River
Carp) (n = 82: Norman and Whitledge 2015).
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FIGURE 4. Otolith Sr:Ca along laser ablation transects from the

otolith primordium to the otolith edge for four Bighead Carp (each
represented by a different line) captured in Chicago Urban Fishing
Program ponds.

and Coplen 2001) were likely responsible for the observed
differences in otolith 8'%0 of Illinois River Bighead Carp
and Silver Carp compared with aquaculture-reared
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Bighead Carp. The substantial difference between otolith
8'%0 of aquaculture-reared Bighead Carp and Illinois
River Bighead Carp and Silver Carp, coupled with differ-
ences between otolith core 5'%0 of urban pond Bighead
Carp and Illinois River fish, suggests that urban pond Big-
head Carp likely did not originate from the Illinois River.
Mismatch between otolith core Sr:Ca of most of the urban
pond Bighead Carp and otolith Sr:Ca of Illinois River
Bighead Carp and Silver Carp provided further evidence
that the Illinois River was probably not the source of
these fish. In contrast to otolith §'%0, otolith §'3C is
influenced by §'*C of both dissolved inorganic carbon in
ambient water and metabolically derived carbon (Solomon
et al. 2006). This may explain why §'*C was more vari-
able among urban pond and aquaculture-reared Bighead
Carp sampled in this study (Figure 2). Thus, otolith §'*C
does not appear to be useful for distinguishing between
aquaculture-origin and wild Bighead Carp in our study
area. Overall, these results raise questions on how and
when these Bighead Carp were introduced to these urban
ponds, especially if they did not originate from the nearby
[llinois River.

Other rivers within the Mississippi River basin or
aquaculture facilities where Bighead Carp were present
may have served as a source for urban pond fish in Chi-
cago. However, available water 8'%0 data from the Mis-
sissippi  (maximum  8'*0, —4.75%c; mean, —7.5%o),
Missouri (maximum 5180, —6.2%0; mean, —9.4%0), Ohio
(maximum §'%0, —5.82%0; mean, —6.85%c), and Wabash
(maximum 5180, —5.56%0; mean, —6.0%0) rivers indicate
that none of these rivers have water 8'30 values that are
higher (i.e., less negative) than that of the Illinois River
(maximum 8'%0, —4.22%.; mean, —5.52%0) (Coplen and
Kendall 2000; Zeigler and Whitledge 2011; Norman and
Whitledge 2015; Laughlin et al. 2016; Whitledge, unpub-
lished data). Thus, none of these rivers would be
expected to yield otolith core 8'0 values consistent with
those of urban pond Bighead Carp and are therefore not
likely the source. However, otolith core §'%0 of urban
pond Bighead Carp was consistent with otolith core §'*0
of Bighead Carp raised in aquaculture pond facilities.
Thus, aquaculture facilitates appear to have been the
source of evaluated urban pond Bighead Carp. In con-
trast, the Sherman Park Pond Silver Carp had otolith
core 8'%0, 8'3C and Sr:Ca values consistent with those
of resident fish in the Illinois River. These results, cou-
pled with the fact that the Illinois River is the nearest
river to the Chicago metropolitan area having an estab-
lished Silver Carp population, suggest that this fish may
have been transported from the Illinois River and intro-
duced into Sherman Park Pond.

Inferred timing of urban pond Bighead Carp introduc-
tion lends additional support to the aquaculture origin
hypothesis. Based on previously published data relating
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lapillus radius to TL of Bighead Carp <150 mm (Norman
and Whitledge 2015), abrupt drops in Sr:Ca within 150 pm
of the otolith primordium for most of the urban pond Big-
head Carp suggests these fish may have been transferred
into ponds at a relatively small size (<100 mm TL) likely
during age 0 or age 1 rather than at older ages. These
results indicate that captured Bighead Carp spent their
early life in water(s) with higher Sr:Ca and the remainder
of their lives as residents of water(s) with Sr:Ca consistent
with that of the urban ponds. Relatively consistent Sr:Ca
values across the sectioned otolith of the Sherman Park
Pond Silver Carp indicated similarity of water Sr:Ca among
locations occupied during its lifetime. Thus, no inferences
regarding the timing of introduction into Sherman Park
Pond or its potential mode of introduction could be estab-
lished (e.g., accidental bait bucket release at a young age or
intentional introduction at a larger size and older age).

Because of their likely aquaculture origin and introduc-
tion at a relatively small size and young age, we hypothe-
size that the Bighead Carp analyzed in this study were
incidentally introduced into Chicago Urban Fishing Pro-
gram ponds during sport fish stocking. Chicago Urban
Fishing Program ponds have been stocked with catchable-
sized Channel Catfish (IDNR 2010), in some cases from
out-of-state production facilities (Vic Santucci, Illinois
Department of Natural Resources, personal communica-
tion). Some of these stockings took place during a time
when Channel Catfish and Bighead Carp polyculture was
common in the United States (i.e., during the early years
of the urban pond fishing program) (Kolar et al. 2007).
Contemporary game fish stocking shipments are probably
less likely to be contaminated with Bighead Carp and Sil-
ver Carp because both are now a federally listed injurious
species (Lacey Act 2004; Spacapan et al. 2016), and the
state of Illinois has banned their live transport (Fish and
Aquatic Life Code 2003). While contaminated sport fish
stocking shipments appear to be the source of Bighead
Carp in Chicago Urban Fishing Program Ponds, we
acknowledge that these fish could have been transported via
bait buckets (e.g., from a contaminated bait pond) because
bait ponds and aquaculture ponds may share similar chemi-
cal signatures. Nevertheless, continued monitoring of and
removal from past and present Chicago Urban Fishing
Program Ponds may limit or eliminate this alternative inva-
sion pathway for these and other invasive species.

Although identifying sources of introduced fishes is
often difficult or impossible, our results further demon-
strate the utility of otolith chemistry for determining
potential sources of nonnative fish species. Our results also
provided insight regarding the probable sources of Big-
head Carp and Silver Carp in Chicago Urban Fishing
Program Ponds and suggest that both previous stocking
events that used contaminated shipments (Bighead Carp)
and transport from the nearby Illinois River (Silver Carp)
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were introduction pathways for these species. Removal of
Bighead Carp and Silver Carp from urban ponds in Chi-
cago likely aided in reducing the probability of their range
expansion into Lake Michigan either through potential
overflow events during extreme high water (which, to our
knowledge, has never occurred) or by human transfer.
Monitoring these ponds in response to public sightings
and removal of captured individuals should continue, and
managers should be vigilant over other alternative inva-
sion pathways (e.g., illegal fish importation and sales:
ACRCC 2016). Furthermore, fisheries managers from
other Great Lakes basin states should monitor ponds that
may have been stocked with populations of game fish
contaminated with the carps and, if found, remove the
nonnative fish. Such efforts should help reduce the
probability of urban ponds serving as alternative invasion
pathways for Bighead Carp and Silver Carp.
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