Project Title: Evaluation and Removal of Invasive Carp in the Tennessee and Cumberland Basins

Geographic Location: Tennessee and Cumberland rivers.

Project Objectives:

1. Estimate invasive carp relative abundance and population demographics in the
Tennessee and Cumberland River basins to evaluate management actions.

2. Examine variables affecting habitat usage by invasive carp to inform removal efforts.

3. Target and remove invasive carp to suppress populations and reduce propagule
pressure in the Tennessee and Cumberland River basins.

4. Evaluate new and/or experimental methods and gears for targeting invasive carp for
harvest.

5. Determine feasibility of conducting a large-scale exploitation study.

Project Highlights:

KDFWR

Commercial fishers removed over 12.6 million pounds of invasive carp statewide and 9.3
million pounds of invasive carp through the Invasive Carp Harvest Program in 2023.
CPUE (fish/yard) was highest in 3.75” bar mesh gill nets.

KDFWR staff conducted 61 ride-alongs with commercial fishers in the carp harvest
program, to monitor catch and bycatch data. Out of the 61 ride-alongs, 9 ended with no
nets being set.

Commercial fishers enrolled in the subsidy contract fishing program received
$766,707.44 for invasive carp harvested from Barkley and Kentucky reservoirs.

KDFWR continued a MOU with one fisher to test invasive carp experimental gears in
Kentucky waters. During 2023, the fisher harvested approximately 463,440 lbs of
invasive carp from Kentucky and Barkley Reservoirs over 26 days and 831,206 |lbs in
Barkley tailwater over 41 days.

KDFWR received three reports of black carp in the Ohio River during 2023.

Methods:

KDFWR
Objective 1: Estimate invasive carp relative abundance, and population demographics in the
Tennessee and Cumberland River basins to evaluate management actions.

KDFWR partnered with the USFWS to conduct Paupier net sampling in Kentucky reservoir to
inform relative abundance calculations and population demographics. KDFWR provided staff
and tender boats to collect length, weights, and aging structures. Sampling design was
informed by previous efforts with this gear type by the USFWS and agreed upon by basin
partners. Sampling in Kentucky reservoir was done in seven embayments over the course of



four nights during the month of October. Transects were no more than five minutes long and
number of transects per bay was calculated by shoreline distance (one transect/km).

KDFWR'’s Invasive Carp Harvest Program (ICHP) requires commercial fishermen to report daily
landing records. Occasionally the agency also provides observers to record harvests as the nets
are retrieved (ride-alongs). Data collected during ride-alongs with commercial fishers allows
KDFWR to estimate average weights of individual silver carp commercially harvested. This
information was used inform analysis about invasive carp population demographics.

During fall sampling, pectoral fin rays and otoliths were extracted from approximately 100 silver
carp from each reservoir for aging or at least 20 per centimeter group. These invasive carp were
collected during Paupier sampling, electrofishing, and active gill netting efforts conducted by
KDFWR staff. Demographics data may also be collected from invasive carp captured through
other KDFWR sampling efforts and included for analyses.

Objective 2. Examine variables affecting habitat usage by invasive carp to inform removal
efforts.

KDFWR staff maintained a telemetry array in Kentucky and Barkley Reservoirs, at Kentucky and
Barkley lock and dam, and along the Ohio, Tennessee, and Cumberland rivers to monitor tagged
invasive carp movements throughout the TNCR. KDFWR coordinated and collaborated with
partners on tracking and fish tagging as needed. io

Objective 3. Target and remove invasive carp to suppress populations and reduce propagule
pressure in the Tennessee and Cumberland River basins.

KDFWR continues to dedicate staff time towards observing commercial fishing and facilitating
efforts to assess the impacts of targeted removal of invasive carp on non-target native species.
Commercial fishers requesting to fish in the ICHP are required to provide daily landing reports
including amount of fishing effort, the type of gear used, pounds of fish harvested, and bycatch.
Fishers are also required to list the number of fish caught for each species, fish released, and
disposition. The information is used to assess impacts of commercial harvest on bycatch
species.

To verify commercial fishers’ reports, KDFWR occasionally provides observers to record
harvests (ride-alongs). Observers collect all data required on commercial harvest logs and
record GPS fishing locations, water temperature, net soak times, and other metrics. Staff
observe several individual fishers throughout the year. Ride-alongs are conducted as fishers pull
their nets to harvest fish. When commercial fishers use short net soak times or drifting net sets,
KDFWR staff observed during the entire effort. Ride-alongs are conducted on board the
commercial fisher’s boat. Observation records were compared to fishers’ daily reports to assess
commercial reporting accuracy. ICHP data was analyzed to determine the number of fishing



trips, amount, and disposition of bycatch by species, and total pounds of invasive carp
harvested.

KDFWR continues to offer contract fishing in Barkley and Kentucky Reservoirs to ensure
commercial fishing effort targeting invasive carp remains robust, to meet agency management
objectives. Commercial fishers must apply for the contract program and once approved, will
receive a designated price per pound for invasive carp species harvested from Barkley or
Kentucky Reservoirs. The Invasive Carp Harvest Program is one of two programs Kentucky has
implemented to increase commercial removal of invasive carp in the reservoirs. In 2018,
KDFWR purchased and installed an industrial flake ice machine. Since that time KDFWR has
maintained the unit to provide ice to commercial fishers targeting invasive carp.

Objective 4. Evaluate new and/or experimental methods and gears for targeting invasive carp
for harvest.

KDFWR worked with one commercial fisher under a Memorandum of Understanding (MOU), to
harvest invasive carp with gears and methods outside of legal means established in Kentucky’s
regulations.

Objective 5. Determine feasibility of conducting a large-scale exploitation studly.

KDFWR staff collaborated with TWRA on the development and implementation of this project.

Results and Discussion:
KDFWR (all referenced Tables and Figures for KDFWR located in Appendix A)

Objective 1. Estimate invasive carp relative abundance, and population demographics in the
Tennessee and Cumberland River basins to evaluate management actions.

Paupier
U.S. Fish and Wildlife Service sampled Kentucky Reservoir with their electrified Paupier net boat

during the fall of 2023. Lengths and weights were collected for all species until N=30 per species
and then counted. If a transect concluded with a species count over ~500, they were
subsampled and counted by weight. The electrified Paupier sampling observed a silver carp
CPUE (fish/hr) of 36 in Big Bear embayment, which was a significant decrease from previous
years (Table 22). A significant drop in CPUE was observed in Pisgah from previous catch rates
(Appendix B, Figure 2.). This trend data continues to support the hypothesis that the silver carp
population in Kentucky reservoir is declining. According to the data in the 2023 USFWS
Kentucky reservoir report “silver carp catch rates have decreased by approximately half during
each sampling year” (Appendix B). Data from the Paupier sampling, compare to gill netting,



theoretically creates less sampling bias and therefore a better fitting regression line when
looking at Log10 transformed lengths and weights for silver carp; Kentucky Reservoir R?>=0.71
whereas Barkley reservoir R?=0.60 (Figure 7 & 8).

ICHP

Length and weight data was collected on 1040 silver carp harvested by commercial fishers in
2023. Silver carp lengths ranged from 23.8 — 40.4 inches with an average of 31.4 inches, and
weights ranged from 7.4— 33.3 |bs with an average of 13.0 lbs (Table 18). If this metric is used in
correlation with the total pounds of silver carp harvested by commercial fishers through the
ICHP in 2023, that would produce a rough estimate of 711,561 individual silver carp being
removed from Kentucky waters through the ICHP in 2023 (9,275,293 Ilbs; Table 2). During ride-
alongs, commercial fishers were observed using gill nets with a range of bar mesh sizes to
target invasive carp (3.5” — 4.5” bar mesh; Table 19, Figure 14). Catch per unit effort of gill nets
used to harvest silver carp were highest in gill nets with a bar mesh size of 3.75 (0.92 fish/yard),
followed by 4” bar mesh which had a CPUE of 0.6 fish/yard. This has remained consistent with
2022 data and shows an increase from the previous three years (2019 - 2021) when the highest
CPUE was in 3.25” and 3.5” bar mesh nets. There has been a change in the size gill net mesh
commercial fishers are using in Barkley and Kentucky Reservoirs, this is likely due to the 2015
cohort of fish being recruited to the bigger size mesh.

Three black carp were harvested by three commercial fishers in April, November, and
December of 2023 respectively. Lengths ranged from 1096mm — 1349mm, were caught in 5” to
6” mesh gill nets and all were sent off to research groups with USGS to investigate further.

Mark-Recapture

From October 2018 through February 2024, KDFWR received 50 tag returns from commercial
fishing efforts. Forty came from Barkley reservoir and ten from Kentucky reservoir (Figure 9).
Nine other tags have been returned from bowfishers, government agencies, or found along the
riverbanks. Twelve of the returned fish were double tagged. The higher frequency of returned
fish from Barkley reservoir compared to Kentucky reservoir is not surprising given most of the
commercial fishing pressure occurs on Barkley (Reported under Objective 3). Data analysis is in
progress with the assistance of the USGS CERC staff and a report is expected in 2024.
Preliminary model results suggest high survival in both reservoirs in the first four years after
tagging, followed by a large decrease in survival after four years (Figure. 16).

Barkley and Kentucky Reservoir Population Dynamics

A length-frequency histogram was created for silver carp harvested from Barkley and Kentucky
Reservoirs from all harvest methods in 2023. Data suggested the 700mm size class of silver carp
was dominant in both systems (Figures 1 & 2).

Age and Growth

Pectoral fin rays were collected from silver carp in Barkley and Kentucky Reservoirs in the fall of
2023 for aging. Barkley ages ranged from 4 to 10 years old, with age 6 being the most
abundant. Kentucky ages ranged from 3 to 11 years old, with age 7 being the most abundant,




(Figures 3 & 4). Data suggests a strong presence of three cohorts of silver carp behind the 2015
cohort (8-year-old fish). Since no age-0 silver carp have been collected in either reservoir since
2015, logic suggests that these fish continue to immigrate into the reservoirs through the lock
systems.

Mortality
Catch-curve regressions were developed for the 2015 cohort of silver carp by lake. This cohort

of silver carp is the only documented cohort known to occupy the lakes at age 0. Data for age
frequencies were In(x+1) transformed to compensate for heteroscedasticity. A Chapman-
Robson analysis was performed to estimate annual mortality (A) and instantaneous mortality
(2). Annual mortality for silver carp from Kentucky Reservoir was estimated at 36% and
instantaneous mortality was estimated at 0.45 (N=240, F1,2=46.62.40, P=0.002, R2=0.92; Figure
5). Annual mortality for silver carp from Barkley Reservoir was estimated at 45% and
instantaneous mortality was estimated at 0.60 (N= 205, F1,2=11.92, P=0.03, R2=0.74; Figure 6).
Estimates of annual mortality in 2023 decreased from the vales reported in 2022. This is
attributed to the wider time series of data for this cohort informing better model predictions.

Condition

Linear regressions were constructed to describe the log10 length-log10 weight relationship for
silver carp in Barkley and Kentucky Reservoirs. The length-weight equation for Kentucky was
estimated at Log10(weight(g)) = 2.769Log10(length(mm)) — 4.2843(Figure 7). The length-weight
equation for Barkley was estimated at Log10(weight(g)) = 2.2971Log10(length(mm)) — 2.893
(Figure 8). Weights were predicted for Barkley Reservoir: 450mm (1590g), 650mm (3700g) and
800mm (5962g) and Kentucky Reservoir: 450mm (1155g), 650mm (3196g) and 800mm (5680g)
(Table 1). Predicted weights remain higher for Barkley than for Kentucky and both reservoirs
indicate that all length classes are predicted to weigh more than previous years.

Data collected from sampling in the fall (September through December) of 2023 was used to
analyze relative weights (Wr). Relative weight was calculated using the equation Log10(Ws)= -
5.15756 + 3.06842(Log10TL) for silver carp (Lamer 2015). The mean Wr for silver carp in Barkley
Reservoir was 102 (N=439, S.E.=+0.5) and the mean Wr for silver carp in Kentucky Reservoir
was 100 (N=374, S.E.=+0.5). These values are consistent with data collected from previous
years.

Objective 2. Examine variables affecting habitat usage by invasive carp to inform removal
efforts.

In 2023, Belanger found silver carp in the lower Cumberland River tended have a positive
relationship with discharge, meaning during high discharge times silver carp were closer to the
dam. Whereas silver carp in the Lower Tennessee River were not reacting the same way to high
discharge times. In both the Lower Cumberland and Tennessee Rivers silver carp were most
often found near the confluence, of the respective rivers, with the Ohio River.

Belanger also found silver carp in the Lower Cumberland River had a higher year-round relative
activity index, when compared to silver carp in the Lower Tennessee River. The Lower



Tennessee River silver carp only had high RAI values during the summer. Belanger concluded
that silver carp river kilometer has no significant relationship with temperature in either river.
Temperature and discharge alone do not seem to be good predicators for silver carp movement
behaviors even with two similar geographic and hydrologic systems.

Being able to identify a positive correlation of silver carp movement to discharge, should be
considered as an opportunity to develop passive mechanical harvest methods, as typical gill net
or seine nets are difficult to effectively fish during high discharge times. These factors will also
be useful when developing best management practices for deterrent such as the Bio-Acoustic
Fish Fence, at locks.

Objective 3. Target and remove invasive carp to suppress populations and reduce propagule
pressure in the Tennessee and Cumberland River basins.

Invasive Carp Incentivized Fishing Program in Barkley and Kentucky Reservoirs

Interest and participation in the KDFWR contract fishing program for invasive carp has varied
greatly since it began in 2016. However, in 2019, refinements were made to the program and
the number of fishers targeting invasive carp in Barkley and Kentucky Reservoirs increased,
which heightened participation in the program. In 2023, contractors received $766,707.44 for
invasive carp harvested from Barkley and Kentucky Reservoirs. This equates to over 9 million
pounds of invasive carp harvested through the contract program in 2023, the largest harvest to
date (Figure 10). Refinements to the program were made in 2021 which removed the varying
pay out based on size of fish harvested. As of January 2024, the program now pays contractors
$0.10 / Ib for invasive carp harvested from Kentucky waters of the reservoirs regardless of the
size of those fish.

Carp Harvest Program Monitoring

The Invasive Carp Harvest Program (ICHP) created by KDFWR allows commercial fishers to
target invasive carp in waters where commercial fishing with gill nets is otherwise restricted.
The data in this section is compiled from daily and monthly reports submitted by commercial
fishers participating in the ICHP. Implementation of the ICHP has been a key element in the
increased harvest of invasive carp from Kentucky waters, especially Barkley and Kentucky
Reservoirs.

Since 2013, commercial fishers in Kentucky have harvested a total of 59,114,613 Ilbs of invasive
carp, the majority was harvested through the ICHP (43,091,836 Ibs silver carp, 286,890lbs
bighead carp, 314,392lbs grass carp [2020-2023 only]; Table 2). Total harvest would be higher if
grass carp were included for all years, however commercial fishing reports prior to 2020 did not
delineate grass carp from common carp. Most invasive carp harvested in Kentucky are from
Barkley Reservoir (Table 2). Commercial fishers typically prefer fishing Barkley Reservoir over
Kentucky Reservoir as it is shallower, has more habitat to corral fish, less recreational traffic,
and the fishers believe the silver carp are larger. From 2020 to 2023 there was a decrease in
number of individual commercial fishers in Barkley Reservoir, but an increase in harvest, and



from 2022 to 2023 there was an increase of almost 200 trips made on Barkley Reservoir as well
as an increase in over 1.7 million Ibs of carp removed, which indicates that commercial fishers
are getting more efficient at removal. The amount of harvest of invasive carp from Kentucky
Reservoir mirrored the decrease from 2021 to 2022 in 2023 but the number of individual fishers
and trips increases from 2022 to 2023. (Table 2). The number of commercial fishers in Kentucky
and associated trips under the ICHP program has varied annually. A decrease in fishing effort
(numbers of trips) and invasive carp harvest in 2015 and 2017 was due to inconsistent market
demands. Even though there was an increase in harvest from Barkley Reservoir and the Ohio
River, statewide we saw a decrease in invasive carp harvest, this was likely due to losing
commercial fishers to other states offering incentive programs (Table 2 & Figure 10). Factors
affecting the increased efficiency are likely a combination of the 2015 cohort strength and
improved commercial practices. Commercial fishers’ adaptation in net sizes during the past
several years helped facilitate the 2023 harvest as well as improvements to equipment such as
boats, trucks, net rollers, cranes, and electronics. KDFWR’s industrial flake ice machine was out
of order for most of 2023 due to ongoing mechanical issues. The equipment is being evaluated
for decommissioning and alternative mechanisms for industry support are being considered.

Invasive carp harvest data was summarized by month from January 2015 to December 2023
(Figures 11 & 12). Historically, the number of trips made by commercial fishers under the ICHP
decreased during paddlefish season (November-March) and increased again when paddlefish
season ended (Figure 11). This shift was expected as many commercial fishers fish Barkley and
Kentucky Reservoirs, with a special net permit during paddlefish season, which allows gill
netting in the lakes without fishing under the ICHP. However, this is no longer observed since
commercial fishers are now targeting invasive carp year-round and are allowed to receive funds
through the contract program administered by KDFWR for invasive carp harvested while fishing
on their net permit. The highest number of commercial fishing trips recorded in a single month
was 302 in January 2020; in 2021, number of trips was more standard across the months,
whereas 2022 saw a lot of seasonal differences which has been mirrored in 2023 (Figure 11).
Average total pounds of silver carp harvested per trip increased from 2022 and ranged from
2,919 - 6,124 pounds per month in 2023 (Figure 12).

Water conditions routinely affect invasive carp harvest rates, but seasonality is also a factor.
KDFWR and MSU telemetry studies indicate that movement rates of silver carp increase in
water temperatures between 61.5 °F and 86.0 °F (USFWS 2020). Fish become more active with
rising water temperatures in the spring, and they become less susceptible to harvest when
moving to the main channels from embayments. Commercial harvest rates also vary among
fishers. The most successful fishers understand silver carp behavior better, and they use higher
quality gear with larger boats that have higher weight capacities. In 2023, the average number
of pounds harvested per trip was calculated for all ICHP fishers (N=35), and average pounds of
silver carp harvested varied from 429 lbs/trip to 9,018 Ibs/trip. Interestingly, not all fishermen
with high catch rates fished frequently (Figure 13). The number of trips a commercial fisherman
took in 2023 varied from 3 to 196, with an average of 61 trips. This only included the number of
trips where harvest occurred. In 2023, 91% of the requests to fish ended with fish harvested.
Some fishermen call in for whole weeks at a time, but may not go out every day, some



cancelations were due to weather or equipment being down, other times, a fisherman may go
out to gill net, scan around and not find a school of fish big enough to set their net on.

Ride-Alongs
KDFWR conducted 61 ride-alongs with 18 unique commercial fishers utilizing the ICHP January

through December 2023 (Table 20 & Figure 15). During ride-alongs 34,010 yards of gill net
were fished and 276,658 Ibs of invasive carp were harvested. Most of the fishing effort
observed during ride-alongs was on Barkley Reservoir(N=51), which is like fishing effort in
general. Ride-alongs were also conducted in Kentucky Reservoir(N=10). Commercial fishers set
nets primarily along secondary channels, on flats on the main lake, and in embayments. In
previous years, the northern end of Barkley Reservoir received the most fishing pressure.
However, in 2021 through 2023, fishing pressure observed through ride-alongs was more
evenly distributed throughout Barkley and Kentucky Reservoirs (Figure 15). The mean effort per
trip (yards of net fished) decreased in 2022 and 2023 compared to all previous years, which is
reflective of the changing strategies that commercial fishers are employing to catch silver carp
(active setting vs. dead setting nets) (Table 5). Average total weight of silver carp harvested per
trip during ride-alongs in 2023 (4,491 Ibs) was higher than 2022 (Table 6). There have been
multiple instances were KDFWR observed during a ride along that a commercial fisher scanned
with side scan technology and ended up not setting a net because they couldn’t find a big
enough school of invasive carp. This occurred on three occasions during 2021, six times during
2022, and nine times during 2023. KDFWR has begun to monitor zero net set trips and search
time as a fisheries dependent trend to inform invasive carp stock assessments.

Objective 4. Evaluate new and/or experimental methods and gears for targeting invasive carp
for harvest.

KDFWR staff continued to monitor seining practices under the current experimental gears
program to determine efficacy in Kentucky waterways for removal of invasive carp and to
determine the lasting impact on non-target fish species. Robbins Construction LTD harvested
approximately 463,440 lbs of invasive carp from Barkley and Kentucky Reservoirs in 2023 with
an average of 17,825 lbs/day which decreased from his 2022 average of 20,039 lbs/day.
Additionally, Robbins harvested 831,206 |bs (20,273 Ibs/day) of silver carp from the
Cumberland River. >99% of the invasive carp harvested were silver carp and <1% were grass
carp. Sport fish bycatch and other fish species that were not harvested were observed to have
an 100% survival rate at the time of release.

While outside the scope of this report, it is worth noting that Robbins Construction LTD also
harvested 597,482lbs (16,597 lbs/day) of silver carp from the Ohio River in 2023 through the
contracted experimental efforts. Robbins seining in Kentucky waters yielded him a total of
1,691,614 lbs silver carp and an average of 16,423 |bs silver carp per day in 2023. His gill netting
in Kentucky waters yielded him a total of 192,322 Ibs of silver carp and an average of 8,362 Ibs
silver carp per day in 2023. His daily average while gill netting is 51% of what his daily average is



while seining. This reaffirms the need to continue developing innovative approaches of harvest
invasive carp in Kentucky waters.

Objective 5. Determine feasibility of conducting a large-scale exploitation study.

Fish tagging is planned for the spring of 2024.

Recommendation:

KDFWR

Continue to work with partner agencies to develop SOPs for gears, methods, data
collection and storage to improve basin wide stock assessments.

KDFWR will continue to conduct commercial observations to monitor catch and
reporting metrics independent of commercial reporting.

Continue to build and refine the Experimental Gears and Methods program to develop
alternatives to gill netting, with the aim being to further increase statewide invasive
carp removal.

Continue to fund the invasive carp incentive program and alter as needed.
Continue to work on strategies to determine immigration rates from the Ohio river into

the reservoirs. This information will be an important factor for the continued
development of carp population models.
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