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Executive Summary

Bighead carp, silver carp, and their hybrids, collectively referred to as Asian carp, are
invasive fishes that have become abundant in the Illinois Waterway. Several agencies are
monitoring and attempting to control populations of these fish, but the distribution of different
life stages of Asian carp, the extent of Asian carp reproduction in this system, and the
effectiveness of various sampling gears for capturing both juvenile and adult Asian carp are not
adequately known. We have been examining patterns of larval fish abundance, evaluating
catches of Asian carp and other fishes with a variety of sampling gears, and testing new gears
and combination systems to assist with monitoring and control efforts. Sampling is occurring
seasonally at 11 sites throughout the Illinois Waterway and at additional sites in Illinois River
tributaries.

Larval fish monitoring revealed substantially higher numbers of Asian carp larvae in the
[llinois River during 2014 than in previous years of sampling. Large numbers of Asian carp
larvae were observed in the LaGrange and Peoria Pools, but none were observed upstream of the
Peoria Pool. Asian carp appear to have had multiple spawning events in 2014, as indicated by
the timing of larval occurrences. These occurrences of Asian carp larvae coincided with three
distinct rises in the hydrograph that occurred between mid-June and mid-July, as well as water
temperatures continuously above 23°C. The continued presence of small numbers of Asian carp
larvae from mid-July to early August suggests that additional, although less prolific spawning
activity continued to occur during the summer in 2014. Additional ichthyoplankton sampling
occurred in four tributaries of the Illinois River during 2014. Processing and identification of
tributary samples is ongoing and results will be reported once available.

The presence of large numbers of juvenile Asian carp in 2014 allowed for the assessment
of sampling gears for targeting this life stage. Pulsed-DC electrofishing monitoring captured
juvenile silver carp in the LaGrange and Peoria Pools, but none were observed in the Starved
Rock or Marseilles Pools. Subsequent evaluation with all sampling gears captured large
numbers of juveniles in the LaGrange Pool, but only a few in the Peoria Pool. Mini-fyke nets
captured the highest numbers of juvenile silver carp, followed by beach seines, purse seines,
pulsed-DC electrofishing, and cast nets. Gill nets failed to capture any juvenile Asian carp.

Gear types targeting juvenile Asian carp were also found to capture different size distributions of
these fish. Beach seines captured the smallest juvenile silver carp, whereas purse seines captured
the largest average sizes. Cast nets, electrofishing, and mini-fyke nets captured intermediate
average sizes. Pulsed-DC electrofishing captured adult silver carp at both upstream and
downstream sites in all tributary rivers. No juvenile Asian carp were captured in tributaries
during 2014. Higher numbers of male than female silver carp were observed in all tributary
rivers. Silver carp GSI’s were highest in tributaries in June, and declined thereafter, although it
is uncertain if any spawning actually occurred in tributaries during 2014.



Evaluation of unconventional sampling gears during 2014 included experiments testing
the effectiveness of driving Asian carp into surface-to-bottom gill nets and deployment of Great
Lakes trap (pound) nets in Illinois River backwaters. Drives using pulsed-DC electrofishing
captured more total fish than control sets or drives using traditional pounding methods. Catch
rates of silver carp were highest in electrofishing treatments, which were nearly four times higher
than control sets, but similar to traditional pounding treatments. Bighead carp catch rates were
highest in traditional pounding treatments, but these were not significantly different than control
or electrofishing treatments. A majority of all fishes, and specifically silver carp, were captured
in smaller mesh panels, particularly the 6.4 cm mesh size. Bighead carp were more vulnerable to
larger mesh sizes. Very large numbers of Asian carp were captured in pound nets set in
backwater habitats. Pound nets consistently captured higher numbers of fishes, including Asian
carp, than concurrently set hoop nets or fyke nets. Pound nets captured larger sizes of bighead
carp than other entrapment gears, although sizes of silver carp did not differ among gear types.
To achieve equivalent catches of Asian carp as pound nets, considerable numbers of fyke nets or
hoop nets would be required, entailing a considerably higher amount of labor hours than pound
nets. Pound nets therefore appear to be a very cost-effective tool for capturing Asian carp in
backwater habitats. Continued monitoring will be necessary to further evaluate the potential for
Asian carp to reproduce in the upper Illinois River, examine relationships between
environmental variables and Asian carp reproduction and recruitment, determine the most
effective gears for sampling intermediate sizes (100 — 400 mm) of Asian carp, and further
examine unconventional sampling gears and combination systems.



Introduction

Bighead carp (Hypophthalmichthys nobilis) and silver carp (H. molitrix), together
referred to as Asian carp, were introduced into the United States in the 1970s and have since
spread throughout the Mississippi River basin. Reproducing populations now exist in the
Mississippi, Missouri, Ohio, Wabash, and Illinois River watersheds (Tucker et al. 1996, Fuller et
al. 1999). In some areas where Asian Carp have invaded, their population sizes have increased
exponentially (Chick and Pegg 2001, Irons et al. 2007, Sass et al. 2010), causing considerable
concern about the impact these species may have on native fish communities. Due to their
ability to efficiently filter large volumes of water, Asian carp may deplete plankton densities and
alter zooplankton community composition (Spataru and Gophen 1985, Burke et al. 1986, Xie and
Yang 2000, Lu et al. 2002, Sass et al. 2014), potentially competing with native planktivores for
food resources (Schrank et al. 2003, Sampson et al. 2009). Introductions of Asian carp outside
of North America have negatively affected other filter-feeding fishes and led to declines in fish
diversity (Spataru and Gophen 1985, De longh and Van Zon 1993, Sugunan 1997). Recent
evidence also indicates that Asian carp may be negatively affecting native fishes in the Illinois
River (Irons et al. 2007).

The establishment of Asian carp in the Illinois River has caused additional concern due to
the connection between this system and the Great Lakes via the Chicago Area Waterways
System (CAWS), which includes the Chicago Sanitary and Ship Canal (CSSC) and the Cal-Sag
Channel. Ecological modeling has suggested that Asian carp could potentially become
established in the Great Lakes if allowed to continue their expansion (Kolar and Lodge 2002,
Chen et al. 2007, Herborg et al. 2007, Kocovsky et al. 2012). The effects that Asian carp might
have on Great Lakes food webs are uncertain, but their invasion of this system could threaten the
commercial and recreational fishing industries of several states, tribes, and provinces. Due in
part to these concerns, the U.S. Army Corps of Engineers has constructed a series of electric
barriers on the CSSC near Romeoville, IL, in hopes of preventing the spread of invasive species
such as Asian carp between the Mississippi River basin and the Great Lakes. The potential
threat posed by Asian carp and concerns about the effectiveness of the electric barriers have also
prompted debate about permanent hydrologic separation of these two basins (Rasmussen et al.
2011). However, continued uncertainty regarding the presence of Asian carp within the CAWS
presents a substantial impediment to informed decision-making.

Multi-agency sampling and removal efforts are ongoing in the Illinois River and in the
CAWS to monitor and control the spread of Asian carp. Asian carp have been collected in close
proximity downstream of the electric barrier, and a single bighead carp was captured upstream of
the barrier in 2010. However, environmental DNA technology (eDNA; Ficetola et al. 2008) has
indicated that species-specific DNA from Asian carp may be present at several locations
upstream of the electric barrier (Jerde et al. 2011, Jerde et al. 2013). These findings have raised
numerous questions about alternative vectors for Asian carp DNA and the subsequent limitations
in inference and interpretation of eDNA results, as well as the ability of traditional sampling
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programs to detect live Asian carp if they are indeed present in the CAWS (Darling and Mahon
2011). Because extensive sampling efforts have only been able to capture a single Asian carp
where eDNA monitoring has suggested their presence above the electric barrier, some agencies
have expressed concern that Asian carp DNA may be entering the system through alternative
pathways (Merkes et al. 2014). Conversely, because Asian carp densities are likely very low if
they are in fact present in the CAWS, and because the unique conditions found within the CAWS
present numerous challenges to effective sampling with traditional fisheries gears, the probability
of detecting live Asian carp in the CAWS may be marginal even at very high levels of sampling
effort.

Determining methods to enhance existing monitoring programs, evaluating the
effectiveness of various sampling gears to capture different life stages of Asian carp,
investigating appropriate levels of sampling effort required to detect Asian carp, and testing new
approaches for detecting Asian carp will help to alleviate these concerns and strengthen the
ability of managers to effectively monitor and control these species. Monitoring for larval Asian
carp is also needed to determine the timing and spatial extent of Asian carp reproduction in the
Illinois Waterway. Reproduction and recruitment are known to be highly variable among years
in the lower Illinois River (DeGrandchamp et al. 2007, Irons et al. 2011), but a system-wide
assessment is needed to determine if reproduction occurs in upstream reaches, and to evaluate
relationships among environmental variables and recruitment of young Asian carp. Larval fish
monitoring will aid in evaluating the potential for these species to further expand their range in
this system. Evaluating the effectiveness of various sampling gears for capturing Asian carp, and
determining the amount of effort required to detect Asian carp when they are present at low
densities, is needed to strengthen monitoring and control efforts. Additionally, testing new
techniques for detecting the presence of Asian carp (Great Lakes trap nets, surface-to-bottom gill
nets) is warranted in order to expand the set of tools available to managers, which will allow for
customization of monitoring efforts. This report summarizes observations of larval fish
abundance, Asian carp distribution, and the relative efficiency of various sampling gears for
capturing Asian carp based on extensive sampling conducted throughout the Illinois Waterway
during 2010-2014, focusing on results from 2014.



Study Area

The Illinois Waterway consists of the waterbodies that today form a continuous link
between Lake Michigan and the Mississippi River (Figure 1). This network of waterbodies
includes the Chicago Area Waterway System (CAWS), Des Plaines River, and the Illinois River.
The Illinois Waterway is separated into a series of pools by 7 major navigation dams (Figure 1).
These dams regulate water levels to maintain a 2.7-m deep commercial navigation channel. Two
additional lock and dam structures control the flow of water from Lake Michigan into the
CAWS.

Figure 1. Map of the Illinois Waterway and major tributaries that were sampled for Asian carp,
showing the location of navigation dams, the electric barrier on the Chicago Sanitary and Ship
Canal (CSSC), and sites sampled as part of this study. Navigation dams are represented by
squares; sampling sites on the main channel and backwaters of the Illinois Waterway are
represented by circles; sampling sites in tributaries are represented by triangles.
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The CAWS consists of a network of natural, man-made, and modified waterways that
drain the Chicago region of northeast Illinois, southeast Wisconsin, and northwest Indiana
(Figure 2). This system has been extensively modified to provide for commercial navigation and
to direct wastewater away from Lake Michigan towards the Illinois River. Water now flows
from Lake Michigan into the CAWS through control structures at Wilmette Pumping Station, the
Chicago River Lock and Dam, and T.J. O’Brien Lock and Dam (Figure 2). The majority of the
volume of flow within the system, however, is from treated wastewater and storm water
discharges. Flow from the entire system eventually passes through the lower Chicago Sanitary
and Ship Canal (CSSC), where the mean daily discharge (2004-2010) of all water sources
combined is 84.8 m*/s (USGS gage 5536890; Lemont, IL). The CAWS joins the lower Des
Plaines River near Joliet, IL, where the navigable portion of the Des Plaines River continues
downstream for another 27 km before merging into the Illinois River.

Figure 2. Map of the Chicago Area Waterways System (CAWS), showing the location of
navigation dams, the electric barrier on the Chicago Sanitary and Ship Canal (CSSC), and sites
sampled as part of this study. Navigation dams are represented by squares; sampling sites are
represented by circles.



The Illinois River is formed by the confluence of the Des Plaines and Kankakee Rivers
near Channahon, IL, and flows for approximately 440 km before joining the Mississippi River
near Grafton, IL (Figure 1). The Illinois River drains an area of over 75,000 km?, resulting in a
mean daily discharge of 735.7 m’/s in the lower reaches (USGS gage 5586100; Valley City, IL).
Major tributaries of the Illinois River include the Fox, Vermillion, Mackinaw, Spoon, Sangamon,
and LaMoine Rivers. The upper Illinois River flows primarily westward through a geologically
young channel and is characterized by a relatively narrow floodplain, steeper gradient (= 20
cm/km), and rocky substrates. Near Hennepin, IL, the river turns southward and enters the pre-
glacial Mississippi River valley, where it has a broad floodplain, lower gradient (= 2 cm/km),
and extensive fine sediment deposits (Delong 2005). Numerous backwater lakes occur within
the middle and lower Illinois River floodplain, although most of these lakes have been
extensively altered by levees, drainage practices, and sedimentation (Mills et al. 1966, Bhowmik
and Demissie 1989).

In this study, 11 sampling sites on the main channel and backwaters of the Illinois
Waterway were used for data collection (Table 1). Sites were selected in the middle Illinois
River (LaGrange and Peoria Pools), the upper Illinois / Des Plaines River (Starved Rock,
Marseilles, Dresden Island, and Brandon Road Pools), and in the CAWS. Sites were chosen to
encompass the longitudinal gradient of the Illinois Waterway, sample across a gradient of Asian
carp densities, offer a variety of habitat types for testing sampling gears, and for consistency of
access. Both backwater (n=2) and main channel (n=2) sites were chosen in the LaGrange Pool in
order to compare abundance of larval and juvenile Asian carp among these habitats. The Hanson
Material Service gravel pit at Morris was the primary location of sampling in the Marseilles
Pool. Sites in all other pools were located on the main channel of the Illinois Waterway,
although contiguous off-channel areas were also used for sampling with some gear types at some
locations. Sampling was also conducted in four tributaries of the Illinois River (Mackinaw,
Spoon, Sangamon, and Salt Fork of the Sangamon River). Each tributary was sampled near its
confluence with the Illinois River and at an upstream location below the first impoundment on
each river (Figure 1).



Table 1. List of sampling sites on the main channel and backwaters of the Illinois Waterway that were used for collecting data on
various project components during 2014. River km is measured as distance upstream of the Mississippi River. Navigation pools are
classified according to the nearest downstream navigation dam.

Project Component

Larval Gear Unconventional

| | - Fish  Evaluations Gear
Site River km Waterbody Navigation Pool Development
Lily Lake 133.6  Illinois River backwater LaGrange X X X
Matanzas Lake 186.7  Illinois River backwater LaGrange X X
Havana 193.1 Illinois River LaGrange X X X
Peoria L&D 251.1 Illinois River LaGrange X X
Henry 305.8 Illinois River Peoria X X X
Ottawa 386.2  Illinois River Starved Rock X X X
Morris 423.2  Illinois River backwater Marseilles X X X
[-55 / Treat’s Island 447.4  Des Plaines River Dresden Island X
Lockport L&D 466.7  Des Plaines River / CSSC Brandon Road X
Western Ave. 515.0  CSSC Lockport X
O’Brien L&D 518.2  Calumet / Little Calumet River  Lockport X




Larval Fish Monitoring
Background

Bighead carp and silver carp are highly fecund, with individual females capable of
producing hundreds of thousands of eggs (Kolar et al. 2007, Williamson and Garvey 2005,
DeGrandchamp et al. 2007). Rising water levels during periods of appropriate temperature are
thought to stimulate spawning activity (Verigin et al. 1978, Schrank et al. 2001, Duan et al. 2009,
Lohmeyer and Garvey 2009), although recent evidence suggests that Asian carp may exhibit
more flexibility in their spawning requirements than previously assumed (Deters et al. 2012,
Coulter et al. 2013). Asian carp eggs are semibuoyant and drift in river currents for
approximately a day before hatching (Soin and Sukhanova 1972, Chapman 2006). Larvae settle
in backwaters, creeks, and flooded areas outside of the main channel, which serve as nursery
areas (Abdusamadov 1987, Pegg et al. 2002, Kolar et al. 2007). Larval and juvenile Asian carp
have previously been collected in the Alton, LaGrange, and Peoria Pools of the Illinois River
(DeGrandchamp et al. 2007, Irons et al. 2011, Butler et al. 2014), but the potential for Asian carp
reproduction further upstream in the Illinois Waterway is unknown. Asian carp are also known
to be present in several tributaries of the Illinois River, but the potential for these tributary rivers
to serve as spawning locations or sources of recruitment has not previously been assessed.
Additionally, recruitment in the Illinois River appears to be highly variable among years (Irons et
al. 2011), possibly due to variation in discharge (Hoff et al. 2011). Assessing the timing and
spatial distribution of the ichthyoplankton drift and evaluating factors affecting Asian carp
reproduction and recruitment in different sections of the Illinois Waterway and its tributaries will
help to improve our understanding of Asian carp population dynamics and potentially aid in
development of management strategies targeting early life stages.

Methods

Larval fish sampling occurred at 11 sites throughout the Illinois Waterway (Table 1).
Additional sampling was conducted in four tributaries of the Illinois River (Mackinaw, Spoon,
Sangamon, and Salt Fork of the Sangamon Rivers), at downstream sites near the confluence of
each tributary with the Illinois River. Sampling occurred at a minimum of bi-weekly intervals
from April through October, although more frequent sampling took place during periods when
Asian carp spawning activity had been observed or when larval fish or eggs were considered
likely to be present. Four larval fish samples were collected at each mainstem and backwater site
on each sampling date. Sampling transects were located on each side of the river channel,
parallel to the bank, at both upstream and downstream locations within each study site. At
tributary sites, three samples were collected on each sampling date, one near each bank and
another in the center of the channel. All samples were collected using a 0.5 m-diameter
ichthyoplankton push net with 500 um mesh. To obtain each sample, the net was pushed
upstream using an aluminum frame mounted to the front of the boat, with the boat speed adjusted
to obtain 1.0 — 1.5 m/s water velocity through the net. Flow was measured using a flow meter



mounted in the center of the net mouth and was used to calculate the volume of water sampled.
Fish eggs and larvae were collected in a meshed tube at the tail end of the net, transferred to
sample jars, and preserved in 90% ethanol. The presence of any eggs was noted and all eggs
were retained for future analyses. Larval fish were identified to the lowest possible taxonomic
unit in the laboratory. Larval fish densities were calculated as the number of individuals per m’
of water sampled.

Results

During five years of sampling, 2,694 larval fish samples were collected from main
channel and backwater sites of the Illinois Waterway, capturing over 86,000 individual larval
fish (Table 2). In all years, Clupeids, primarily gizzard shad (Dorosoma cepedianum), were the
most numerous larval fish taxa captured, although Cyprinids (excluding Asian carp), Sciaenids,
Catostomids, and Centrarchids were also abundant in larval fish samples. During 2014, large
numbers of Asian carp larvae were observed in the LaGrange (n = 2,573) and Peoria (n = 2,658)
Pools, but none were observed upstream of the Peoria Pool. The numbers of Asian carp larvae
observed in 2014 were substantially higher than in previous years of ichthyoplankton sampling
(Table 2), suggesting that Asian carp reproductive output was much higher in 2014 than in 2010
—2013. Over 19,000 potential Asian carp eggs have also been tentatively identified from Illinois
River samples from 2014. Subsamples of potential Asian carp eggs have been sent to the
USFWS Whitney Genetics Lab for genetic confirmation and results of egg collections will be
reported once questions regarding egg identification have been clarified. Sampling in tributaries
collected an additional 185 ichthyoplankton samples in 2014, capturing over 4,700 larval fish
and over 1,800 eggs. Processing and identification of these samples is ongoing.

Table 2. Dates, effort, and number of larval fish captured during ichthyoplankton sampling
activities at main channel and backwater sites of the Illinois Waterway during 2010 — 2014.

Year Sampling Dates # Samples # Larval Fish # Asian Carp Larvae
2010 Jun 3 — Oct 2 240 2,050 78

2011 Apr 27 — Oct 13 560 7,677 2

2012 May 1 — Oct 19 722 28,274 490

2013 April 30 — Oct 9 614 30,101 327

2014 April 30 — Sep 29 558 18,572 5,231

Asian carp appear to have had multiple spawning events in 2014, as indicated by the
timing of larval occurrences (Figure 3). The first observations of significant numbers of Asian
carp larvae occurred at multiple sites in the LaGrange Pool on June 18. None were collected at
these same sites during the week of June 23. However, at that time, high densities of Asian carp
larvae appeared in the Peoria Pool. During the following week (June 30 — July 4), large numbers
of Asian carp larvae were again collected from main channel sites in the LaGrange Pool, and
then large numbers of Asian carp larvae appeared in LaGrange Pool backwater sites during the
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Figure 3. Mean density (number / m’; note logarithmic scale) of Asian carp larvae collected from
sites in the LaGrange (Lily Lake, Matanzas Lake, Havana, Peoria L&D) and Peoria Pools
(Henry) of the Illinois River during 2014 (top panel), and mean daily gage height and water
temperature of the Illinois River during this time (bottom panel). Gage height and temperature
data were obtained from USGS hydrograph 5586300 at Florence, IL.



week of July 7. These occurrences of Asian carp larvae coincided with a prolonged rise in the
hydrograph that occurred between mid-June and mid-July, as well as water temperatures
continuously above 23°C (Figure 3). The continued presence of small numbers of Asian carp
larvae from mid-July to early August in both the LaGrange and Peoria Pools suggests that
additional, although less prolific spawning activity continued to occur during the summer in
2014. Few larval fish of any taxa were collected after August.

Discussion

Over five years of extensive sampling, Asian carp eggs and larvae have only been
collected from the lower Illinois River (LaGrange and Peoria Pools). No Asian carp eggs,
larvae, or juveniles have been identified from upstream of the Starved Rock Lock and Dam.
However, silver carp spawning activity has been observed by Illinois DNR personnel in the
upper Marseilles Pool, and numerous silver carp captured from the Marseilles and Starved Rock
Pools during 2013 and 2014 have exhibited spawning patches, providing additional evidence that
spawning activity may be occurring in these navigation pools. Asian carp eggs and larvae
generally drift in the water column for considerable distances before larvae are mature enough to
migrate to nursery areas (Soin and Sukhanova 1972, Krykhtin and Gorbach 1981, Chapman
2006), so the absence of eggs or larvae in samples from upstream pools may indicate that they
are being rapidly transported downstream of the Starved Rock Dam following spawning events,
limiting the amount of time they would be present and detectable in the water column of these
reaches. Alternatively, conditions may not be suitable throughout the Starved Rock and/or
Marseilles Pool to maintain eggs in suspension, leading to settling and mortality within these
pools. Identifying the potential for different segments of the Illinois River to transport eggs and
larvae under different discharge conditions (e.g., Garcia et al. 2013) would be useful for
identifying where eggs and larvae collected in the lower Illinois River originated, and for
understanding how quickly eggs produced in the upper Illinois River would be moved into
downstream pools. Even if spawning occurs in these pools, if eggs are transported downstream
prior to hatching and the lower river is therefore the only source of recruits into upper Illinois
River pools, then restricting upstream movement of Asian carp past locks and dams could
eliminate Asian carp from the upper Illinois River. However, large numbers of Asian carp larvae
coupled with successful recruitment to the juvenile life stages have only been observed in one of
the past five years (see Gear Evaluation section). Caution must therefore be exercised when
attempting to infer spatial patterns in Asian carp recruitment from this limited pool of data, as
different distributions of early life stages could be observed in future years. Continued larval
fish and juvenile Asian carp monitoring will be critical for evaluating the potential for Asian carp
reproduction and recruitment in the upper Illinois Waterway.

The substantial numbers of Asian carp larvae captured in 2014 contrasts with the pattern
of little to no reproductive output observed in previous years of sampling. Asian carp
reproduction and recruitment have previously been observed to be highly variable among years
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in the Illinois River (DeGrandchamp et al. 2007, Irons et al. 2011) and elsewhere in North
America (Schrank et al. 2001, Lohmeyer and Garvey 2009), but few assessments of factors
contributing to interannual reproductive variation have been performed. Previous analyses have
suggested that recruitment in the Illinois River is related to the magnitude and variability of July
river discharge (Hoff et al. 2011, Irons et al. 2011). However, DeGrandchamp et al. (2007)
suggested that flow alone was insufficient to explain variation in year-class strength, arguing that
some combination of maternal condition and environmental factors is likely necessary for
successful reproduction. The majority of Asian carp eggs and larvae present in 2014 were
collected during a period of high water temperatures (> 23°C), and a prolonged rise in water
levels. This observation is generally consistent with other studies that have found spawning
linked to a rising hydrograph at temperatures above 18°C (Schrank et al. 2001,Lohmeyer and
Garvey 2009, Deters et al. 2012). However, small numbers of Asian carp larvae were collected
through August 2014, following a large decline in water levels over several weeks. Asian carp
eggs and larvae have also been collected during periods of stable or declining hydrographs in
other systems (Deters et al. 2012, Coulter et al. 2013). Asian carp may be capable of multiple
spawning events within a single year (Schrank and Guy 2002, Papoulias et al. 2006), and
although reproductive output is almost certainly enhanced by rising water levels, spawning
activity does not appear to be entirely dependent on increasing discharge. However, egg or
larval densities appear to be considerably lower during periods of falling water, and the
contribution of these limited spawning events to eventual recruitment is uncertain. Additionally,
high and increasing discharges within the reported temperature range were observed in previous
years when little to no Asian carp larvae were collected, so the conditions that contribute to
successful Asian carp reproduction appear to be more complex than currently understood. Now
that multiple years of ichthyoplankton sampling data is available, relationships between
environmental variables (discharge, temperature, turbidity, etc.) and patterns of Asian carp
reproduction can begin to be examined. However, as only one year of high larval Asian carp
abundance has been observed, inferences must be appropriately limited until additional years of
data, encompassing a wider range of reproductive output, have been collected.
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Gear Evaluations
Background

A variety of sampling gears are being employed by various agencies to capture Asian
carp, but the relative efficiency of each of these gears, and the amount of effort required to detect
Asian carp when they are present in low densities, has not been evaluated. Different sampling
gears may vary widely in their ability to capture fish in proportion to their abundance (i.e.,
catchability), and may select for different sizes of fish (Hubert 1996, Bayley and Austen 2002,
Hubert and Fabrizio 2007, Neumann and Allen 2007). Estimation of catchability requires
estimates of fish density, knowledge of the spatial distribution of fishes, and the sampled area
into consideration (Bayley and Austen 2002, Hubert and Fabrizio 2007). Such determinations
are therefore extremely difficult to obtain. However, evaluating the ability of a sampling gear to
capture fish relative to other sampling gears, either in terms of total catch or catch per unit effort
expended, and evaluating size selectivity, is less problematic (Casselman et al. 1990, Lapointe et
al. 2006, Neumann and Allen 2007). Evaluating the ability of various methods to capture both
juvenile and adult Asian carp will allow managers to customize monitoring regimes and more
effectively determine relative abundances of Asian carp.

Gear evaluation sampling is also useful for characterizing the distribution of different life
stages of Asian carp and other fishes within the Illinois Waterway. Asian carp are known to be
less abundant in upstream pools that are closer to the electric dispersal barrier (Butler et al.
2014). Assessing the relative abundance, size distribution, and condition of Asian carp within
each pool of the Illinois Waterway will provide valuable information about the demographics of
these populations and the potential for these fish to continue to expand their numbers and spatial
distribution within this system. Asian carp are also present in many Illinois River tributaries.
Evaluating the abundance and size structure of Asian carp in these rivers will provide a more
complete understanding of Asian carp populations in the Illinois River drainage as a whole and
will help in determining if these tributaries serve as population sources or sinks. Understanding
variation in abundance of other fish taxa across the Illinois Waterway may also provide insight
into factors that influence the distribution of fishes with life histories similar to Asian carp, and
may provide useful data for evaluating the effects of Asian carp on native fish assemblages.

Evaluation of sampling gears in previous years of this study was only possible for adult
Asian carp, as juvenile Asian carp were scarce or absent from the Illinois Waterway during 2011
—2013. However, during 2014, Asian carp appear to have successfully reproduced, as large
numbers of larvae were observed during early sampling (see Larval Fish Monitoring section),
and large numbers of juvenile Asian carp were subsequently observed in the lower Illinois River.
Sampling activities during 2014 therefore focused on evaluation of sampling gears for juvenile
life stages. Identification of the most effective gears for sampling juvenile Asian carp is
particularly important for establishing monitoring programs to evaluate recruitment patterns,
which is critical for understanding the life history of these fishes in the Illinois Waterway.
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Determining which pools of the Illinois Waterway contribute to Asian carp recruitment may be
valuable for designing control strategies to limit further expansion of these species and for
reducing abundances of Asian carp closer to the electric dispersal barriers. Results of this study
will therefore help improve Asian carp monitoring and control efforts in the Illinois River and
the CAWS, and will contribute to a better understanding of the biology of these invasive species
in North America.

Methods

Sampling during 2014 was conducted at seven sites located in the LaGrange, Peoria,
Starved Rock, and Marseilles Pools of the Illinois River (Table 1). Sampling at two sites (Lily
Lake and Morris) occurred in both backwater and main channel locations. Following the
detection of larval Asian carp by ichthyoplankton sampling, pulsed-DC electrofishing was
conducted at all sites biweekly during July and August in order to determine the extent of
juvenile Asian carp occurrence. Additional evaluation using all juvenile sampling gears (Table
3) then occurred during summer and fall at sites where juvenile Asian carp were found to be
present (LaGrange and Peoria Pools). Additional sampling using all gear types also occurred in
the Marseilles Pool, although no juvenile Asian carp were detected there during 2014. All
captured fish were identified to species, and measured for total length and weight. Subsamples
of juvenile Asian carp were retained for later diet and age analysis.

Table 3. List of sampling gears used during 2014 to evaluate the effectiveness of each gear for
capturing juvenile Asian carp.

Gear / Method Effort per site-visit
Pulsed-DC electrofishing 4 x 15 minute transects
Small mesh gill net — floating 4 x 4 hour sets
Mini-fyke net 8 net-nights

Small mesh purse seine 4 hauls

Beach seine 4 hauls

Cast net 4 throws
Hydroacoustics 2 x 15 minute transects

During 2014, four tributaries of the Illinois River (Spoon, Sangamon, Salt Fork of the
Sangamon, and Mackinaw Rivers) were also sampled for Asian carp to assess relative
abundance, demographics, and potential presence of juveniles in these waterbodies. Each
tributary was sampled near its confluence with the Illinois River and at an upstream location
below the first impoundment on each river (Figure 1). Pulsed-DC electrofishing (15 minutes on
each site-visit) was conducted monthly at each site from April to October. All captured Asian
carp were measured for total length and weight. Sex and reproductive condition were assessed,
and postcleithra were removed for age analysis.
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Results

Pulsed-DC electrofishing monitoring was conducted in the LaGrange, Peoria, Starved
Rock, and Marseilles Pools during July and August 2014, capturing 3,730 juvenile Asian carp.
Juvenile silver carp were captured in the LaGrange (n = 3,694) and Peoria (n = 36) Pools, but
none were captured or observed in the Starved Rock or Marseilles Pools. Subsequent evaluation
using all sampling gears resulted in the capture of 101,191 fish, including 67,882 juvenile silver
carp (Table 4). The vast majority of these were captured in the LaGrange Pool (n = 67,869),
with only small numbers being captured in the Peoria Pool (n = 12). No juvenile Asian carp
were captured or observed by gear evaluation sampling in the Marseilles Pool. Most juvenile
silver carp were captured during sampling in late July or early August (n = 67,714), with
substantially lower numbers being collected during late September (n = 167), despite equivalent
sampling effort. Mini-fyke nets captured the highest numbers of juvenile silver carp (n = 56,054,
average = 637.0 per net-night), and appeared to be the most consistent gear type, capturing large
numbers of silver carp at nearly every site (Table 4). Beach seines (n= 7,211, average = 163.9
per haul), purse seines (n = 4,063, average = 92.3 per haul), electrofishing (n =419, average =
9.5 per 15-minute transect), and cast nets (n = 135, average = 3.1 per throw) were also effective
at capturing smaller numbers of juvenile silver carp, although these gears had highly variable
catches among sites. Gill nets failed to capture any juvenile Asian carp.

Gear types targeting juvenile Asian carp were also found to capture different size
distributions of these fish (Figure 4). Beach seines captured the smallest juvenile silver carp
(mean = 38.0 mm), and captured the highest proportion of silver carp in the 20-29 mm size range
(38% of catch). Purse seines captured the largest average sizes of juvenile silver carp (mean =
52.5 mm), likely because they rarely captured any silver carp smaller than 40 mm. Cast nets
(mean = 40.6 mm), pulsed-DC electrofishing (mean = 48.1 mm), and mini-fyke nets (mean =
48.6 mm) produced intermediate average sizes (Figure 4). Electrofishing, although primarily
capturing 30 — 60 mm silver carp, was the only gear type that consistently captured juvenile
silver carp larger than 90 mm.

During 2014, a total of 796 Asian carp (6 bighead carp, 790 silver carp) were captured
during 12.25 hours of pulsed-DC electrofishing in tributary rivers. Silver carp were captured at
both upstream and downstream sites in all tributaries. Bighead carp were only captured in the
Sangamon (n = 3) and the Salt Fork of the Sangamon River (n = 3). The highest catch-per-unit-
effort of Asian carp was obtained in the Mackinaw River (mean + SE = 65 + 19 per hour),
whereas the lowest was from the Spoon River (48 = 13 per hour). Only adult Asian carp (440 —
880 mm) were captured by electrofishing in tributaries. No juvenile Asian carp were captured or
observed with this gear type in tributary rivers during 2014. Higher numbers of male than
female silver carp were observed in all tributary rivers (Figure 5). The highest silver carp
gonadosomatic indices (GSI) were observed in June and GSI declined considerably, particularly
for female fish, after July (Figure 6).
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Table 4. Total numbers of juvenile silver carp (< 161 mm) captured with each sampling gear from each site in the Illinois Waterway

during 2014.
Gear

Small-Mesh ~ Mini-Fyke = Small-Mesh Purse Cast
Site Pool Electrofishing Gill Nets Nets Seines Beach Seines Nets
Lily Lake - Main Channel LaGrange 378 0 3064 1505 6836 1
Lily Lake - Backwater LaGrange 33 0 2568 2351 119 125
Matanzas Lake LaGrange 0 0 1434 200 3 0
Havana LaGrange 8 0 48977 5 253 9
Henry Peoria 0 0 11 1 0 0
Morris - Main Channel Marseilles 0 0 0 0 0 0
Morris - Material Service Pit  Marseilles 0 0 0 0 0 0
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Figure 4. Size distributions of juvenile silver carp captured by different gear types from the
Illinois River during 2014.
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Discussion

The observation of large numbers of juvenile silver carp in the LaGrange Pool, but none
upstream of the Peoria Pool during 2014 is consistent with findings from previous years of this
study (Butler et al. 2014), as well as from other monitoring efforts occurring in the Illinois
Waterway (MRWG 2014), which have found no evidence to date of juvenile Asian carp
upstream of the Starved Rock Lock and Dam. Even if spawning occurs in the upper Illinois
Waterway, it appears that recruitment to juvenile life stages has been limited to the lower Illinois
River in recent years. Lohmeyer and Garvey (2009) found a similar pattern in the Mississippi
River, with substantially higher densities of juvenile Asian carp occurring in downstream than in
upstream pools. Because Asian carp eggs and larvae drift in the current for some time before
they are able to actively migrate to nursery areas, it might be expected that juveniles would not
be observed for some distance downstream of the uppermost spawning locations within any
particular river. Additionally, backwaters, shallow creeks, and flooded off-channel areas are
generally considered to be optimal nursery habitats for Asian carp (Abdusamadov 1987, Pegg et
al. 2002, Kolar et al. 2007), but such areas are considerably less common in the upper Illinois
Waterway than in downstream pools. Any larvae that do settle in or upstream of the Starved
Rock Pool may therefore find suboptimal conditions for early growth and survival, limiting the
number of recruits that would be detectable in these pools. The ability of upstream pools to
serve as recruitment sources has important management implications. If Asian carp were able to
successfully recruit upstream of the Starved Rock Dam, the potential for these species to sustain
population growth and potentially expand their range in the upper Illinois Waterway would be
much greater than if recruitment is limited to the lower Illinois River. However, if no
recruitment occurs in the upper Illinois Waterway, then limiting movement of Asian carp
through locks and dams, combined with continued harvest of adults in the upper pools, could
substantially reduce or eliminate Asian carp from areas closer to the electric dispersal barriers,
greatly decreasing the risk of invasion to the Great Lakes. Continued monitoring will be
essential for determining the true spatial extent of Asian carp recruitment during years when
successful reproduction occurs.

Different sampling gears varied widely in the numbers of juvenile Asian carp they
captured, but catches may also reflect shifts in habitat use as Asian carp increase in size. Mini-
fyke nets captured by far the highest numbers of juvenile silver carp during 2014, and collected a
wide size range of individuals. Irons et al. (2011) also reported that mini-fyke nets produced the
largest numbers of young-of-year Asian carp in the Illinois River. This gear type is particularly
useful in near-shore areas, and is likely a useful tool for targeting the smaller size groups of
juvenile Asian carp. Beach seines were also fairly effective at capturing juvenile silver carp, and
may be useful for rapid monitoring purposes when overnight gear sets are not practical.
However, these gear types primarily target shallow-water (< 1 m) habitats, and may not be as
useful for targeting larger sizes of Asian carp as they shift to deeper-water habitats. Purse seines
were effective, although highly variable, at capturing somewhat larger sizes of juvenile Asian
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carp in deeper-water (2 — 4 m) areas. No juvenile Asian carp were captured in gill nets during
2014, and we do not recommend this gear type for juvenile monitoring, at least for Asian carp
less than 100 mm. Very few juvenile Asian carp larger than 100 mm were observed during
2014, though, and almost all of this larger size group was obtained by electrofishing. Further
evaluation will be required to determine the effectiveness of these sampling gears for larger size
groups of juvenile Asian carp. Additionally, all juvenile Asian carp observed during gear
evaluation sampling in 2014 were identified as silver carp based on gill raker morphology,
coloration, and the presence of a ventral keel. It is uncertain if bighead carp reproduction or
recruitment to juvenile stages also occurred during 2014, and continued monitoring will be
necessary to monitor for juveniles of this species as well as for silver carp. As only one year of
sampling with gears targeting juveniles has been possible thus far, additional years of sampling
when juvenile Asian carp are present will be required to answer these questions.

Asian carp appear to be present in all Illinois River tributaries sampled during 2014, and
considerable numbers can be found large distances upstream from the Illinois River mainstem.
The lack of bighead carp from tributary sampling efforts is likely attributable to gear bias, as
only electrofishing was used to sample tributaries, but electrofishing, although highly effective
for silver carp, has been found to capture very few bighead carp (Butler et al. 2014). The status
of bighead carp populations in Illinois River tributaries is therefore uncertain, and additional
sampling with other gear types may be necessary to adequately assess this species in these
systems. The absence of juvenile Asian carp in tributaries during 2014 suggests that Asian carp
either did not recruit within these waterbodies, or that recruits emigrated downstream to the
mainstem Illinois River. High GSI values observed in tributaries during June, and declining
thereafter, are consistent with the observation of large numbers of larval Asian carp in the Illinois
River during June and July. Lower GSI’s were also observed in the Illinois River during a year
when higher numbers of Asian carp larvae were produced than in a year when nearly no larval
production occurred (DeGrandchamp et al. 2007). However, it is uncertain at this time if Asian
carp spawned in tributary rivers during 2014 or if any spawning that might have occured in these
systems contributed to the populations present within these rivers or to downstream populations
in the Illinois River. The large numbers of Asian carp present in these waterbodies, however,
should not be ignored, and further assessment of how these fish contribute to the wider
population of Asian carp throughout the Illinois River watershed should be pursued.
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Unconventional Gear Development
Background

Traditional sampling gears vary widely in their ability to capture Asian carp.
Additionally, the ability of some of these gears to capture Asian carp in deep-draft channels or in
areas of low density is questionable. Evaluation of novel sampling gears and capture methods is
therefore warranted to enhance the efficiency of monitoring programs and increase capture rates
of Asian carp for control efforts. During 2014, assessment of unconventional sampling gears
continued with the use of surface-to-bottom tied-down gill nets and Great Lakes style trap
(pound) nets. Tied-down gill nets are used by commercial fishermen in some areas to increase
catch rates relative to standard gill nets (Heard 1959, Scholten and Bettoli 2007), but no studies
have assessed the effectiveness of this gear for Asian carp. Additionally, the use of fish driving
methods may help to increase capture rates of Asian carp in gill nets. Driving fish into nets is an
ancient method of fishing used across the world (Amarasinghe and Pitcher 1986, Minte-Vera and
Petrere 2000, Okeyo 2014), and is commonly employed by commercial gill net and trammel net
fishers in North America (White 1959, Vogt 1980). Verifying the utility of this method for
capturing Asian carp will be informative for determining if it should be incorporated into routine
monitoring programs. Pounds nets are a form of large entrapment gear commonly used in many
coastal and Great Lakes fisheries (Chittenden 1991). Pound nets can be set for extended periods
of time, sample a wide range of fish sizes, and have the ability to capture large numbers of fish,
making them a potentially useful tool for Asian carp monitoring purposes. Capture efficiency
and size selectivity of these new methods is being compared with selected traditional gears to
determine the utility of these techniques for monitoring and controlling Asian carp populations.

Methods

Unconventional gears were evaluated at multiple sites in 2014 in order to evaluate their
effectiveness across a range of Asian carp densities. Experiments testing the effectiveness of
driving Asian carp into surface-to-bottom gill nets (91.4 m long x 8.5 m tied down to 6.1 m
depth; 6.4, 7.6, 8.9, and 10.2 cm mesh panels) were conducted at four sites (LaGrange, Peoria,
Starved Rock, and Marseilles Pools). Treatments included a control set, a set where fish were
driven into the net with traditional pounding methods, and a set where fish were driven via a
pulsed-DC electrofishing boat, each lasting 15 minutes. Five replicates of each treatment were
performed at each site. All captured fish were identified to species, and measured for total length
and weight. Analysis of driving experiments included data from both 2013 and 2014, comparing
catch rates among treatments and among mesh sizes.

Great Lakes trap (pound) nets (100 m lead, 6.1 x 3.0 x 3.0 m pot, 7.6-9.1 m wings, 3.8-

6.4 cm mesh) were deployed at the Material Service Pit (Marseilles Pool) and at Lily Lake
(LaGrange Pool) for one week each during summer and fall in 2014. Pound nets were checked
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daily during each set, at which times all captured fish were removed from the pots for
identification and measurement. Hoop nets (1.2 m x 4.8 m, 3.8 - 6.4 cm mesh) and fyke nets (15
m x 1.3 m lead, 0.9 x 1.8 m frame, 3.8 cm mesh) were also set for multiple net-nights at each site
concurrent with pound nets. Comparison among pound, hoop, and fyke nets included data from
2012 — 2014, evaluating catch rates, species richness, and size distributions of Asian carp among
gear types. Estimation of the amount of effort required to deploy and maintain each gear type
was also used to calculate cost effectiveness of each gear in terms of amount of labor required to
catch a given number of Asian carp. Two pound nets were also set for two weeks in the Material
Service Pit in collaboration with USGS to test food attractants for Asian carp. The attractants
were tested by deploying food on one net and using the other as a control. Results of these tests
are being analyzed and will be presented by USGS.

Results

Experiments testing the effectiveness of driving Asian carp into surface-to-bottom gill
nets captured a total of 80 fish in 2014, including 37 Asian carp (31 silver carp, 6 bighead carp).
Analysis of combined 2013 and 2014 data indicates that drives using pulsed-DC electrofishing
captured more total fish (all taxa) than drives using traditional pounding or control sets (Figure
7). Catch rates of silver carp were highest in electrofishing treatments, which were nearly four
times higher than control sets, but similar to traditional pounding treatments. Bighead carp catch
rates were highest in traditional pounding treatments, although these were not significantly
different than control or electrofishing treatments. A majority of all fish and of silver carp were
captured in smaller mesh panels, particularly the 6.4 cm mesh size (Figure 7). However, bighead
carp appear to be more vulnerable to larger mesh sizes, and drives using pounding in particular
captured higher numbers of bighead carp in the 10.2 cm mesh panel.

A total of 1,207 fishes were captured in pound nets at Lily Lake and Material Service Pit
during 2014. Of this catch, 135 were bighead carp and 881 were silver carp. Collectively, Asian
carp comprised 84% of all fishes caught during 2014 in pound nets. Analysis of combined 2012
- 2014 data indicated that catch rates of fishes, including Asian carp taxa, were consistently
higher in pound nets in comparison to traditional entrapment gears (Figure 8). Average nightly
catch of all fish species was, on average, 134 times higher in pound nets than in hoop nets and 5-
6 times higher than in fyke nets. Overnight catch rates of bighead carp were 113 times higher in
pound nets than in hoop nets, and 41 times higher than in fyke nets. Average silver carp catch
rates were 3200 times higher in pound nets than in hoop nets, and 360 times higher in pound nets
than in fyke nets. Overall species richness was similar between pound nets (mean = 7.4 species
per net-night) and fyke nets (5.1 species per net night), whereas hoop nets only averaged one
species per net-night. Pound nets tended to capture larger bighead carp (mean + SD = 829 + 103
mm) than hoop nets (619 £ 99 mm) or fyke nets (681 + 140 mm). However, sizes of silver carp
did not differ significantly among pound nets (582 = 62 mm), hoop nets (572 = 75 mm), and

fyke nets (557 = 78 mm).
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Figure 7. Mean catch per unit effort (CPUE; number / set) of all fish taxa, silver carp, and
bighead carp captured in different mesh sizes (6.4 — 10.2 cm) of surface-to-bottom gill
nets set for 15-minutes with a control treatment (no driving), a treatment where fish were
driven into the net using traditional pounding methods, and a treatment where fish were
driven into the net via pulsed-DC electrofishing.
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<0.05).

23



The time required to deploy and reset a pound net every day over a week of sampling was
estimated at 12 — 17.2 person-hours of labor. The time required to set each fyke net or hoop net
each day for a week was estimated to vary between 0.83 and 1.5 person-hours. To capture the
equivalent number of fish of all species as one pound net, 6 fyke nets or 134 hoop nets would be
required. The overall effort required to achieve this catch would be lowest for fyke nets and
highest for hoop nets (Table 5). To capture an equivalent number of Asian carp as one pound net
would require 41 fyke nets or 113 hoop nets for bighead carp, and 360 fyke nets or 3,200 hoop
nets for silver carp. The labor necessary to achieve these catches would be lowest with pound
nets for both species (Table 5).

Table 5. Effort (person-hours) required to deploy and maintain pound, fyke, and hoop nets for
one week of sampling in order to obtain equivalent catches of all fish species, bighead carp, and
silver carp. Labor hours were not calculated for silver carp with hoop nets due to the extremely
high number of net sets required.

Gear All species Bighead carp Silver carp
# traps Labor hrs # traps  Labor hrs # traps Labor hrs
Pound 1 12.0-17.2 1 12.0-17.2 1 12.0-17.2
Fyke 6 5.0-9.0 41 342 -61.5 360 300.0 - 540
Hoop 134 111.7 -201.0 113 94.2-169.5 3200 -
Discussion

Driving fish into surface-to-bottom gill nets and use of pound nets in backwater habitats
both appear to be effective methods for capturing Asian carp and other fishes under conditions
appropriate for each gear type. Driving methods, either with traditional pounding or with
electrofishing gear, resulted in substantial increases in catch rates over control sets. Use of
surface-to-bottom gill nets in conjunction with electrofishing in particular may be a useful
system for capturing Asian carp in some situations, especially where electrofishing alone is
ineffective due to water depth. This combination system may also be useful for targeting both
bighead carp and silver carp simultaneously, as electrofishing alone is highly effective for silver
carp, but rarely captures bighead carp (Butler et al. 2014). Traditional pounding methods may
still have application, though, as catch rates of both bighead carp and silver carp in pounding
treatments were not statistically different than in electrofishing treatments. However, silver carp
and bighead carp appear to differ in their vulnerability to various mesh sizes. This effect may be
attributable to different size distributions of these two species in the Illinois River, as different
mesh sizes have previously been found to target varying size groups of each species (Butler et al.
2014). Mesh size of surface-to-bottom gill nets used for monitoring or control purposes should
therefore be carefully selected, multiple nets of various mesh size should be used at a given site,
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or experimental gill nets with panels that target a range of anticipated Asian carp sizes should be
employed.

The use of pound nets in backwater habitats appears to be an effective means of capturing
large numbers of Asian carp relative to conventional approaches. Pound nets captured more
overall fish and higher numbers of both bighead carp and silver carp than concurrently set hoop
nets and fyke nets. Overnight catches of individual pound net sets did vary considerably, likely
with natural variation in Asian carp density, site-specific habitat conditions that might affect
capture efficiency, and localized depletions associated with removal of captured Asian carp.
However, it is apparent that pound nets are capable of capturing very large numbers of Asian
carp under optimal conditions. During one overnight deployment during summer 2014, 588
Asian carp (546 silver carp, 42 bighead carp), weighing 1,058 kg, were captured. This single
net-night captured more Asian carp than all hoop nets and fyke nets combined during the 2014
sampling season. The extreme difference between pound net and hoop net catch rates is likely
due to the relative inefficiency of hoop nets that was observed in backwater areas as part of this
study. Indeed, many hoop net sets failed to capture any fish. This contrasts with earlier findings
from the Gear Evaluation study, where hoop nets were found be the most effective gear type for
bighead carp and hybrid Asian carp, and the second most effective gear for capturing silver carp
(Butler et al. 2014). This disparity may be due to difference in the effectiveness of hoop nets in
areas with or without current, and additional analysis of previous years’ gear evaluation data
from both backwater and main channel sites may help to clarify the relative effectiveness of
hoop nets in each habitat type. Both hoop nets and fyke nets may also be underrepresenting the
size distribution of bighead carp, as pound nets tended to capture larger bighead carp than either
other gear type. The mechanism responsible for this difference isn’t clear, though, and this
pattern appears to only be present for bighead carp, as sizes of silver carp did not vary among
gear types. Additionally, no intermediate size classes of Asian carp (100 to 400 mm) were
present in the Illinois River during 2014, so the ability of pound nets to capture smaller size
ranges of Asian carp is still uncertain.

Pound nets appear to be a highly cost-effective tool for capturing Asian carp in backwater
habitats. Management decisions must often balance a desired outcome against the costs
associated with achieving it. The benefits of increasing catch rates of target fishes must therefore
be weighed against the effort needed to set, maintain, and process sampling gears. In addition to
capturing substantially higher numbers of Asian carp than hoop nets or fyke nets, the number of
labor hours necessary to achieve equivalent catches of Asian carp with each gear type is
considerably lower for pound nets. This gear type therefore appears to be an effective tool that
may prove useful for Asian carp monitoring and removal purposes. However, other limitations
to the use of pound nets must also be considered. The initial deployment of this gear takes
considerable effort, and training and experience are required to successfully set these nets. Due
to their size, storage, transportation, and limitations on where pound nets are able to be set are
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also concerns. Backwater areas appear to be appropriate for deployment, but use in lotic habitats
would likely result in substantial complications. Gear saturation and by-catch mortality may also
be concerns if pound nets are checked less than daily, so frequent maintenance of this gear type

is strongly recommended.
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Recommendations

Larval fish sampling should continue in future years in order to monitor for Asian carp
reproduction, particularly upstream of the Peoria Pool. The high reproductive output and
recruitment to juvenile stages that was observed in 2014 contrasts with the pattern of little to no
reproductive output observed in previous years. The data collected in 2014 will therefore be
important to eventually understanding factors that contribute to Asian carp reproduction and
recruitment, but is not sufficient by itself to make strong inferences regarding these relationships.
Additional sampling during other years of high reproductive output will be required to
adequately understand factors that contribute to Asian carp reproduction and recruitment, and to
sufficiently characterize the potential for these species to reproduce in upstream reaches.
Analysis of egg and larval fish drift is also needed to determine the origin of Asian carp eggs and
larvae that have been sampled from the LaGrange and Peoria Pools. Continued larval fish
sampling in tributary rivers (Sangamon, Salt Fork of the Sangamon, Spoon, and Mackinaw
Rivers) is warranted to examine the potential for these systems to serve as sources for Asian carp
populations in the Illinois Waterway, and to evaluate the potential for similar rivers in the Great
Lakes region to serve as spawning tributaries.

Evaluation of sampling gears targeting juvenile Asian carp was possible during 2014 due
to high reproductive output and subsequent recruitment to juvenile stages. Continued analysis of
size distributions and locations where juveniles were captured (main channel vs backwater sites)
may reveal additional insight into the early life history of these species. Additional sampling for
juvenile Asian carp larger than 90 mm is necessary to determine the habitats these fish associate
with and the most effective gears for targeting these sizes. Additionally, as all the juvenile Asian
carp observed during 2014 were silver carp, numerous questions remain concerning bighead carp
reproduction and recruitment, habitat use by juvenile bighead carp, and the most effective gears
for targeting juvenile bighead carp. As only one year of sampling with gears targeting juvenile
Asian carp has been possible thus far, additional years of sampling will be required to answer
these questions, evaluate the consistency of observed patterns, and provide sufficient data for
robust detection probability analyses for juvenile sampling gears. Tributary sampling should
continue to evaluate demographic characteristics of Asian carp populations within tributary
rivers. Targeted sampling for juveniles within these systems should also occur to determine if
recruitment occurs within tributaries.

Driving fish into surface-to-bottom gill nets and use of pound nets in backwater habitats
both appear to be effective techniques for capturing Asian carp, and may be recommended for
monitoring and control purposes in appropriate areas. Driving fish into surface-to-bottom gill
nets may be particularly useful in deeper-water habitats where electrofishing alone is ineffective,
and may allow for a better representation of bighead carp than electrofishing is capable of
producing. Smaller mesh sizes (6.4 — 7.6 cm) are recommended for targeting the majority of fish
species, including silver carp, whereas larger mesh sizes (7.6 — 10.2 cm) are likely to be more

27



effective for bighead carp. Pound nets appear to be highly effective for capturing large numbers
of adult Asian carp in backwater habitats with less effort than would be required using traditional
entrapment gears. Daily attendance of pound nets is recommended to ensure that pound nets are
fishing effectively and to minimize mortality of native species. Future evaluation of pound nets
should examine their effectiveness for capturing intermediate size classes of Asian carp (100 to
400 mm), which should be present during 2015. Additionally, tests of pound nets used in
conjunction with feeding attractants should be performed to continue work that began in 2014.
Additional new gears or gear combinations should likewise be evaluated as they become
available.
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