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Introduction

Over 180 aquatimorrindigenousspecies (NIS) have been introdudetb Great Lakes Basin
waters to date, and new introductions are expeictede future Thesec al | ed A Asi an
(e.g., silverHypophthalmichthys molitriand bigheadd. nobilis) are large threats to the Great
Lakes given expected trajectories of rarit flow disruption and food web alterations that will
likely accompany their introduction to the Basin. While great effort has been expended to keep
these species from entering the Great Lakes Basin via the lllinois River and its connection to the
Chicago Sanitary and Ship Canal, an additional pathway for introduction has recently been
identified atEagle Marsh near Fort Wayne, Indiankagle Marsh may provide a corridor for
transfer of these species between the Wabash and Maumee River basins dodinefiods,

and the direct connection of the Maumee River with Lake Erie would therefore provide a means
for introduction of Asian carp to the Great Lakes Basin. Immediate action to prevent such an
introduction via transfer of adult Asian carp has beden through the installation of a physical
barrier across Eagle Marsh. However, the potential trajectories and rates of movement by silver
and bighead carps throughout the Wabash River, and especially into the Little River and Eagle
Marsh, have not beatetermined to date.

Understanding the movements of invading species in new systems is important for predicting
potential impacts (Degrachamp et al. 2008), knowing where and when they utilize the
environment for life history events like reproduction (Mdihson and Garvey 2005), and for
devising potential control strategies (Degrandchamp et al. 2008). Asian carp are known to make
rapid, large scale movements that are usually associated with spawning (Abdusamadov 1987),
and migrations may be triggered gveral factors, including temperature (Degrandchamp et al.
2008) and river stage/flow (Abdusamadov 1987; Peters et al. 2006; Degrandsthamp008).

For example, silver carp were found to move
al. 2008). The specific cues triggering Asian carp movements in the Wabash River watershed
are as yet unknownnd such informations critical for devising control measures.

The extent and types of habitats used by Asian carp in the WRbastare also unknown. For
example, we currently have little knowledge of the use of smaller tributary rivers, like the Little
River, by both silver and bigiad carp during any stage of their life cycle. While silver carp
were found to avoid both main channel and backwater habitats in the lllinois River
(Degrandchamp et al. 2008), they currently occur in relatively high densities in the borrow pit
behind thewilliamsburg Apartments in West LafayeitRiver Mile 310) and at the confluence

of the Tippecanoe River with the Wabash Ri{ieiver Mile 324) Determining habitat use by
Asian carp in the Wabash River can help to devise strategies for control anctigmedf
invasion patterns.

Previous studies hav&uccessfullyused telemetry to observe Asian carp movements in rivers
(e.g., Degrandchamp et al. 2008). The tags used were ultrasonic transmitters (Vemco; Halifax,
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Nova Scotia) which emit a unique codeduastic signal that can be detected using manual or
passive receivers. Vemco VR2W stationary receivers can be placed in the river to continuously
monitor movements and help to target the much more time intensive manual tracking activities.
Once the generanovements have been determined using the VR2Ws, a VR100 manual receiver
can be used to pinpoint the locations of individual fish. Thesighl characteristics of these
locations can then be determined using standard methods to better describe tleel betufzts.

We tagged and tracked 100 Asian carp in the Wabash River using Vemet \dliéasonic tags

and Vemco VR2W passive and Vemco VR100 manual tracking hardware. We also conducted
spring surveys to detect Asian carp spawning events at mudiiptein the upper Wabash River

and one of its largest tributaries, tBast Fork of th&Vhite River.

Methods

Tagqging

Fish for acoustic taggingvere collected at multiple locations in the Wabash River (Table 1)
using a 6 m electrofishing boat (Model 834; SmithRoot Inc., Vancouver, Washingtoahd a

6 m Polarcraft modified John boat outfitted with @ectrofishing controbox (Model VIA;
SmithRoot Inc., Vancouver, Washington)In both cases, thelectrofishingequipment was
powered by a generat@nd adjustments were made to achieve a pulsator ruaheither3-4 A

of direct current at 30 pulsed and 2050% of range pulse widtbr 7-8 A of direct current at
120 pulses &. Total length and weight data from previous studies of Asian carpletedpn

fall of 2010 were used for comparison to tagged fish.

Candidate fish were anaesthetized using a custate mobile electroanesthesia unit (MEU,
Plates 13). An AbR3E PulsedDC electrofishing box (ETS Electrofishing, LLC, Madison,
Wisconsir) wasused to generate an electrical field for the MEQQV, 30 Hz, 25% duty cycle,

7-15 9. The MEU induced loss of reflex almost instantaneously and recovery from anesthesia
was relatively quick. Once loss of reflex was induced, éabtwas weighed (kguising aHW-

60KGL digital balance (+0.005 kg; A&D CoLtd., Tokyo, Japanand measured fdptal length

(cm). Each fish was also externally tagged using a FlbwaTanchotag (Model FD-68B; Floy

Tag & Mfg. Inc., Seattle, Washington) inserted neardirsal finbase

Vemco ultrasonic transmitters (Model \(3&, 24 g, 16 mm diameter, 68 mm length) tasked for
a nominal delay of 60 s were surgically implanted in the coelomic cavity of théRiatp 4). A

4-5 cm incisionwas maden thef i sldft&ide just dorsal and anterior to the anal fin in an area
sterilized with BetadineWalgreens Co., Deerfield, lllingisvhere scaleshad beenremoved
using a size 10 scalpel dipped in a 90% ethanol solution between surgeresnitter weights
were <2% ofte fi shesd weights in accordance with
After implantation, the incisions were closed usihgeeabsorbablenonofilamentsutures (PDS

II, Ethicon Inc., Cornelia, Georgip All fish were visually inspected to determinexs if
possible although the gonads were often not visible during the surgehiééish handling was
completed within a 2ninute time period. Fish were allowed to recover first in the MEU tank.
Once swimming ability was recovered, fish were placed olding cage in the river until fully
recovered.
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Plate 1. Mobile electroanesthesia unit (MEU) tank with stainless steel electrodes and stand
installed.
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Plate 2. Completd mobile electroanesthesia unit (MEU) Wi tak, electrodes3 BbP
electiofisher, and associated fish processing and surgery equipment.
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Plate 3. Mobile electroanesthesia unit (MEU) with flow through system of pumped river water
in operation.

Plate 4. Surgical implantation of a Vemco-4l6 acousic transmitter into a bighead carp.
Magnified area depicts the surgical area {sastiring.

Tracking
Passivel Omnidirectional passive receivers (Vemco VR2Weradeployed on the river bottom

in the Little River,the Tippecanoe Riverand between WabadRiver Miles 160400. The
VR2Ws wereattached to customlatformsand anchorgPlates 56). The size of each platform
and anchor system was adjusted based on the water depth where it would be deployed.
combination ofplatforms and anchoraasconneted by a2-30 m underwater cabl®r secure



placement on the bottom of the riyand attached floaw@llowed for grappling of the cable to
retrieve the VR2Wdor data downloads Platforms were welded from rebar and anchors were
cementrebar structures géoyed upstream of platforms that varied in weight from 26.3 kg to a
single cinderblock. Passive receivers were occasionally tested to ensure their detection
efficiency using a Vemcsupplied range testing tag.

Plate 5. Larger deploymeﬁt ‘pltforms femco VR2W passive receivers (attached to the top of
the stand in the picture to the right) deployed in deeper reaches of the Wabash River.
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Plate 6. Smaller deployment system used for Vemco VR2W passive receivers in shallow
reaches of the Wabash ahittle Rivers.

Vemco VR2Ws were deplogd in the riverat smaller increments near tagging locations and at
larger increments near the upper and lower boundaries of the study area as well as just upstream
in the Tippecanoe and Little Rivers (Figure Placement varied somewhat depending on access
points. While this array covexd considerably more area than the primary focus area in the upper
and middle Wabash and LittRivers, this arrangememias judgedsufficient to cover the full
potential range of mrked Asian carp based on maximum movements of silver (267 miles) and



bighead (280 miles) carp observed in the lllinois River (Degrandchamp et a). P@@8were
downloaded and retrieved froRiver Mile 165VR2W on a6-9 week rotatiorandfrom theother
moreupstream VR2Wat 2-3 week intervaldrom 01-May through 31Aug to detect movements
of Asian carp during what is expected to be their most active time of the year. upsttgam
VR2Wswere therchecked on songer4-6 week rotation through the remder of the season

Activei Active tracking vasaccomplished by deploying hydrophones from one of two tracking

boats or a canoedepending on river conditien Both an omnidirectional and directional
hydrophone (Vemco VH110, and Vemco VH165, respelstjivannected to one of two manual
receivers (Vemco VR100yvere used to locate and identify tagged Asian carp. First, the
omnidirectional hydrophone asused tadetecttagged carp in the vicinity of the tracking boat as

it was piloted downwrer at $ mph. Once a fishwas detected, the directional hydrophomas

usedto identifythef i shdés | ocati on wWnce areadingtoh76 dbrorimore wasc h a n
achieved on the manual receiver, thasition of the tagged Asian cavwpas recorded using a

handleld GPS (GPSMap 60, Garmin Ltd., Olathe, Kansas).

Habitat measurementeere taken during manual tracking when taggediaAscarp wee
deteted. Depths (m) wermeasued using a hantleld depth finder (Model SM3; Speedtech
Instruments, Great Falls, Virga). Similar to the methods used by Mueller and Pyron (2010),
substrateype was determined using a 3 m or 6 m copper pipe to probe the bottom. Substrate
type wascategorized as one of six types (Wentwd®@22): boulder, cobble, gravel, sand, fines,

or hardpan.

Spawning Evaluations

We conducted spawning evaluations in both the upper Wabash River (River Mid8@B&hd

the East Fork of the White River duritige summerof 2011. Field crews conducted egg and
larval sampling at selected sites o tivers using paired bongo n€883mm and 508m bucket

mesh size) pulled in replicates of three or maB®ngo nets were towed from the bow of one of
two boats in a downstream direction for five minutes in an effort to detect the presence of Asian
carp eggs and/or larvae.Eggs were identified under magnification using a Nikon SMZ1500
microscope (Nikon Instruments, Inc.) and/or sent out for deoxyribonucleic acid (BxNAysis

(see below). Larvae were preserved in a 10% formalin solution for laternfichitn.
Sampling activities were <condudie6eed and wazee wat ¢
intensified with rising hydrographwhich have been found to be a trigger for spawning in Asian
carp (Abdusamadov 1987; Peters et al. 2006; Degrandchamp 2€t08)). Sites were located
longitudinally along the rivers to determine the spatial extent of spawning activBsspling
continuedon a weekly basis near River Mile 310 where Asian carp eggs were detected through
late summer 2011 to determine spavgnituration

Eggs submitted for molecular verification were preserve@@iC and sent to the USGS Upper

Midwest Environmental Sciences Center, LaCrosse, Wisconsin (J. Amb&GS, pers.

comm.). Genomic DNA was extracted from eggs and larvae using QIA2NA Mini Kit

(Qi agen, | nc, Val enci a, California) accordir
identifications were analyzed in duplicate using both conventional polymerase chain reaction
(PCR) and quantitative PCR (gPCR). Both types of PCR G8edg of genomic DNA and
speciesspecific primers for silver carp and bighead carps (Jerde et al. 2011). Conventional PCR
reactions (25 pL) were comprised of: 12.5 pyL MangoMix (Bioline USA, Inc., Tauton,



Massachusetts), 0.3 uM of each primer and moleoglade water. PCR conditions were as
follows: 94°C for 30 seconds, 50°C for 30 seconds and 72°C for 2 minutes for 45 amplification
cycles and a final extension period of 10 minutes at 72°C on a Mastercycler® thermocycler
(Eppendorf North America, Inc., ¥étbury, New York). Conventional PCR products were
visualized on 1% agarose gel stained with GelRd®hentix Research Products, Candler, North
Carolina). Quantitative PCR reactions (20 pL) were comprised of: 10 pL SensiMix SYBR
master mix (Bioline USA|nc., Tauton, Massachusetts), 0.3 uM of each primer and molecular
grade water with the same conditions as the conventional PCR on a Mastercycler® ep realplex 2
(Eppendorf North America, Inc., Westbury, New York). Melt curve analyses were used to
determire assay specificity. All PCR products were compared with products from control DNA,
which was extracted from finlips of silver carp and bighead carp.

Statistics

Total lengths and weights of fish tagged at each location were compared using a-Kruska
Wallace test. Fish tagged at Peru were not used in this analysis due to limited san{plesize
3). The total length distribution of the tagged silver cags segregatenhto five 7.9 cm size
bins from 5089.9 cmand thesavere compared to the diditition of all carp captured from the
Wabash River (current and previous studies) usingsGbared test of association. Total lengths
and weights of fall 201@sh were compared ttaggedfish using ManAVhitney U tests. Total
lengths and weights of ma#ad female fish were compared using{s@mple, ondailed ttests.
Total lengths of males, femalasggedandfall 2010 fish were regressed against weight. All
tests wereperformedwi t h U using SAS 0.3 (2008 SAS Institute Inc., Caryorth
Cardina).



60 90 .
s s Kilometers

Figure 1. Locations of Vemco VR2W passive receivers. Gray lines represent interstate
highways. River Mile locations of these are listed able 2.



Results

Tagged Fish Information

Surgeries to implant tags were conducted fredyp8 to 2Jun 2011. During this time 99 silver
carp and one bighead cangre collected taggedand then released at multiple locatia@isng

the Wabash River (Table 1Mean weights of silver carp were not statistically different magno

the tagging locations (H =3.60, p = 0.166), althougimeantotal lengtls were different (H =

10.76, p = 0.005). Post hoc analysis using M&fimi t ney U tests (Bonfero
0.017) revealed that silver carp tagged at River Mile 310 were significantly smaller in total
lengh than fish tagged at both River Miles 324 and 351 (W = 322.0, p = 0.002; W =511.2, p =
0.001, respectively), although mean total lengths of silver carp tagged at River Miles 324 and
351 were not different from each other (W = 761.0, p = 0.701). Thgthinequency
distribution of tagged silver carp (n = 99) was not different from all observed silver carp (n =
182; X% = 2.867, p = 0.580; Figure 2). Total lengths of tagged fish (n = 99) and fall 2010 fish (n
= 83) were also not different (W = 2553.071®.742). However, mean silver carp weights from
fall 2010 (n = 38)were significantly lowetthanthose of the tagged silver carp (n = 99; W =
2158.5, p = 0.026).Twenty-nine of the taggedilver carphad eggs visible durintaggingand

nine expressed mhi Mean female silver carp total length was not different from male mean total
length (t =-1.45, p = 0.167), although females were significantly heavier than male2.635 p

= 0.022). The smallest mature female silver carp (i.e., a fish with oegytesentyvas 50.7 cm

total lengthand the smallest male expressing milt was 58.3 tength-weight regressions for
silver carp from fall 2010 (n = 38;°R 0.749, p < 0.001) and the tagged fish (n = 99z R.835,

p < 0.001) were both significant (Figu3). Regressions of male (n = % R0.934, p < 0.001)

and female (n = 29; R= 0.886, p < 0.001) silver carp lengths and weights were also significant
(Figure 4).

Table 1. Mean (x 1SEptal lengths and weights for Asian carp tagged at each location on the
Wabash River.

River Mile
Sample
Species size/Measure 310 324 351 373
SilverCarp n 24 20 52 3
Mean Total Length
H. molitrix (cm) 67.58+0.87 72.19+1.04 70.74+1.43 68.03+0.88
Mean Weight (kg)  3.83+x0.17 4.53+0.23 4.24+0.27 3.46+0.16
Bighead Carp n 1 N/A N/A N/A
H. nobilis Total Length (cm) 76.00

Weight (kg) 5.40
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Figure 2. Silver carp lengtliequency distribution of all fish observed to date (i.e.,
tagged and from fall 2010 (n = 182) and the tagged carp (n = 99). Tiséisleutions
were not stati’s286%md0580).di fferent (j
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Figure 3. Lengtiweight relationships of the silver carp from fall 2010 (n = 138=R
0.749, p < 0.001) and those tagged with Vemco-¥Léransmitters (n = 99, R= 0.835,
p <0.M1).
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Figure 4. Lengtiweight relationships of male (n = 92R 0.934, p < 0.001) and female
(n =29, R=0.886, p < 0.001) silver carp tagged in this study.

Movements

Of the 100 tagged fish, 69 were detected at least oncespiagry. This inelded the

one tagged bighead carp which was detected approximately one montungesy in

the large borrow pit at River Mile 310. Of all 69 fish detected, 24 were only detected

once during this first phase of the project, including the single taggéxbdugcarp
(Figure 5). The majority of fish with 025 detect.
stationary receivers, especially the VR2W deployed at River Mile 351. There were 299

total active tracking detections and 62,849 passive detections.

Average dept was 2.74 m for all manual tracking detections which were spread between
River Mile 351 and371 (Figure 6). Greater numbers of upstream detections occurred
earlier in the season and this shifted to greater numbers of downstream detections later in
the sason (Figure 7). The most upstream detection of a tagged fish (fish 31692)
occurred on the Vemco VR2W passive receiver at River Mile 406, just downstream of
the convergence of the Little and Wabash Rivers. The most downstream detection of a
fish (fish 3649 was through manual tracking betweRiver Miles 288and 371 No

study fish were detected on the most downstreRime( Mile 165 or most upstream

(Little River Mile 2) VR2Ws, although the number of detections at other receivers varied
greatly (Table2).
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Figure 5. Frequency distribution of the number of days with detection information for
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Figure 6. Summary of manual tracking detections for summer 2011 (n = 299).
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Figure 7. Manual tracking detections by month for A) May (n = 10), B) June (n = 64), C)
July (n = 49) and D) August (n = 63Approximate River Miles are listed next to the
squares and each triangle represents a detection.

Table 2. Detection summariés Vemco VR2W passive receivers. River Miles are for
the Wabash River unless stated otherwise. River Miles were approximated based on
Hoggatt 1975.

River Last
Receiver Mile # Detections # Fish Download
Little River 2 0 0 9/30/2011
Huntington 406 1 1 9/30/2011
Wabash 390 5 2 8/8/2011
Peru 373 136 5 9/30/2011
Logansport 351 59554 25 8/4/2011
French Post Park 340 65 13 9/28/2011
Americus 324 307 13 9/28/2011
TippecanodRiver 2 513 7 9/28/2011
165 Bridge 317 889 13 7/19/2011
26 Bridge 309 1375 13 7/30/2011

Merom 165 0 0 7/28/2011




