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molitrix and bighead carp H. nobilis (collectively 
known as bigheaded carp), but bigheaded carp 
could be transported above this dam by the use 
of live baitfish. Regardless of where respondents 
fished (above the dam/carp absent, below the dam/
carp present, or both), 70% ± 11.12 of anglers 
used live baitfish and 57% ± 3.14 participated in 
‘higher risk’ baitfish practices including release. 
Knowledge of bigheaded carp was limited, as only 
2% ± 1.31 of respondents identified both bigheaded 
carp as invasive in an image collage, 51.82% ± 4.48 
could not identify where invasive carp are present/
absent, and 40% ± 3.34 of anglers had not received 
any information regarding bigheaded carp. These 
findings highlight limitations in angler knowledge, 
compliance, and identification of native and invasive 
species. Future implementable actions could include 
invasive species and baitfish release outreach via 
electronic media sources or additional signage that 
address these knowledge gaps.

Keywords Prevention · Invasive carp · Education · 
Awareness · Aquatic invasive species (AIS)

Introduction

Anthropogenic pathways, such as the aquarium 
and plant trade, can introduce species outside their 
current range (Hulme 2009). Recreational fishing is 
considered a high-risk anthropogenic pathway for the 

Abstract The prevention of aquatic invasive 
species is one of the most cost-effective management 
strategies for reducing negative ecological, economic, 
and social impacts to freshwater ecosystems. The 
release of leftover baitfish via the live bait trade has 
been identified as a high-risk pathway for introducing 
invasive species beyond physical barriers (e.g., 
mountains, dams). To assess differences in behavior 
surrounding live bait use and angler knowledge of 
invasive species, we conducted in-person angler 
surveys at waterbody access sites (i.e. boat ramps 
with available shore fishing and a shore fishing 
location with no boat ramp) along the Missouri 
River, above and below Gavins Point Dam (Yankton, 
South Dakota, USA). We  were primarily interested 
in whether angler behavior and knowledge differed 
among fishing locations over the course of a year 
because of potential variation in risk. Gavins Point 
Dam is impervious to fish passage and prevents the 
spread of invasive silver carp Hypophthalmichthys 
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secondary spread of invasive species via the use and 
transport of live baitfish (McEachran et al. 2022). As 
juvenile invasive fish species appear similar to native 
baitfish species, they can be accidentally harvested 
commercially or recreationally and end up in angler 
bait buckets (Snyder et  al. 2020). Once an angler 
has completed their fishing trip, they may decide 
to illegally release their baitfish into a waterbody 
instead of properly disposing of it, often unaware 
of the species they could be releasing (Kilian et  al. 
2012; Snyder et al. 2020). The release of live baitfish 
and water from bait buckets has been linked with 
introductions of invasive species (i.e., fish, pathogens, 
invertebrates) and subsequent declines in biodiversity 
(Kilian et  al. 2012; Nathan et  al. 2014). Therefore, 
managers might limit aquatic invasive species (AIS) 
introductions through preventative actions that target 
the activities of anglers that use live bait.

Managers can leverage information collected about 
angler behavior and knowledge, if it is available, to 
enact effective education and outreach programs 
aimed at overcoming knowledge gaps and increasing 
personal responsibility for compliance. Personal 
responsibility in fisheries can be defined as an 
angler’s feeling of obligation to sustain and enhance 
the environment and may cause an angler to be more 
likely to engage with management and comply with 
regulations (Larson et al. 2011). Outreach on invasive 
species, such as the “Stop Aquatic Hitchhikers! ™ 
(SAH!)” or the “Clean, Drain, Dry” campaigns, have 
been widely distributed across the United States to 
increase knowledge of AIS and promote feelings 
of personal responsibility towards preventing their 
spread (Seekamp et al. 2016). The presence of these 
campaigns and additional public education and 
outreach efforts has increased knowledge of invasive 
species, but additional approaches that target the 
activities of anglers are needed to successfully reduce 
risk (Seekamp et al. 2016).

In many river systems where they are invasive, 
silver carp (Hypophthalmichthys molitrix) and 
bighead carp (H. nobilis; collectively known as 
bigheaded carp) are abundant but limited in their 
spread by physical barriers such as dams. Dams can 
be partial barriers or impervious to fish passage and 
have the ability to slow the spread of invasive species. 
The live bait pathway could spread bigheaded carp 
beyond current barriers because juvenile bigheaded 
carp can appear similar to many native species that 

are legal baitfish (Nathan et al. 2015). Bigheaded carp 
environmental DNA has also been found in water 
samples collected from bait retailers which could be 
a concern for the presence of invasive species within 
live bait (e.g., Nathan et al. 2015; Snyder et al. 2020; 
Mulligan et  al. 2023). Additional spread of these 
species could impact habitat diversity, fishing and 
boating opportunities, and native fish species (Kolar 
et  al. 2007; Kaemingk et  al. 2007; Lu et  al. 2020). 
Increased angler knowledge of AIS and baitfish 
best practices could help reduce the risk of invasive 
species introductions.

In this study, we assessed the risk of introductions 
via the live bait trade by surveying anglers on 
their baitfish use and invasive species knowledge 
upstream and downstream of a dam impervious to 
bigheaded carp spread without human assistance—
Gavins Point Dam on the Missouri River (USA). 
Specifically, we surveyed 1) angler behavior (i.e., 
use, disposal, location) regarding live baitfish 
use and 2) angler knowledge of bigheaded carp 
identification and distribution. We  were primarily 
interested in whether angler behavior and knowledge 
differed among fishing locations (above the dam/
carp absent, below the dam/carp present, and fished 
at both locations) over the course of a year because 
of potential variation in risk. A combination of 
lacustrine conditions and anglers targeting specific 
species (i.e., walleye Sander vitreus) above the dam 
may contribute to increased baitfish use and pose 
a higher risk of invasive species spread via live 
baitfish release. We expected anglers to be familiar 
with bigheaded carp given their high profile as an 
invasive species (e.g., media coverage) and outreach 
focus by natural resource agencies in the Midwestern 
US (Mando and Stack 2019). Understanding angler 
behavior and knowledge will provide information 
on the role that anglers play in this invasive species 
pathway and identify opportunities for outreach and 
education.

Methods

We conducted an in-person intercept survey to col-
lect information on baitfish use and invasive species 
knowledge at waterbody access sites along the Mis-
souri River below (bigheaded carp present) and above 
(bigheaded carp absent) Gavins Point Dam near 
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Yankton, South Dakota, USA (Fig.  1). We surveyed 
anglers at and around boat ramps (n = 3) and a shore 
fishing location (n = 1; i.e., a public fishing dike). 
Anglers were able to fish from the shore at all loca-
tions, and the only location that anglers were not able 
to launch a boat was the public fishing dike. Surveys 
were only conducted at South Dakota access sites, but 
anglers licensed in either South Dakota or Nebraska 
both used these areas. We selected two locations to 
survey above the dam and two locations below the 
dam (Fig. 1). Surveys were conducted with two peo-
ple on Friday, Saturday, or Sunday for approximately 
9  h per day from September 22nd, 2023 to October 
15th, 2023 (10  days total). Weekends were selected 
for sampling to maximize contact with anglers as they 
represent high use times with more interview oppor-
tunities (Dainys et  al. 2022). September and Octo-
ber also represent high-fishing effort months within 
this system (Wickstrom and Schuckman 2006). 
One surveyor rotated between one of the three boat 
ramp locations for the duration of a sample day and 
approached anglers as they were arriving or leaving. 
The remaining surveyor drove between the remain-
ing three sample locations (i.e., roving survey) and 
opportunistically approached anglers at boat ramps 
or while they were fishing from shore. At locations 
where anglers were not actively fishing or launching 

boats the roving surveyor would switch locations to 
maximize the number of anglers being surveyed. If an 
angler agreed to participate in the survey, they were 
shown our consent form and prompted to record their 
responses on a paper copy of the survey pamphlet. 
Anglers that did not consent to take the survey were 
thanked for their time and no further questioning was 
initiated due to our Institutional Review Board (IRB) 
requirements.

The survey questions included three main 
areas of focus: angler behavior regarding baitfish, 
invasive species knowledge, and demographics 
(survey pamphlet containing questions and possible 
responses in Supplementary Fig.  S1). Anglers 
were asked to report how many days they had 
fished, whether and where (above, below, both) 
they used live baitfish, and how they disposed 
of live baitfish above and/or below Gavins Point 
Dam in 2022. Responses for baitfish disposal were 
combined into smaller categories based on risk for 
analysis: ‘dispose of onshore’ and ‘dispose of in a 
designated area’ [lower risk] and ‘give to another 
angler’, ‘release into the waterbody’, ‘retain’, and 
‘use in another waterbody’ [higher risk]. Dispose 
of onshore and dispose of in a designated area are 
recommended disposal methods to reduce the risk 
of AIS introduction or transfer. Although ‘give 

Fig. 1  In-person angler 
survey locations for above 
the dam (bigheaded carp 
[Hypophthalmichthys sp.] 
absent; Gavin Point Boat 
Ramp, East Midway Boat 
Ramp) and below the dam 
(bigheaded carp present; 
Training Dike [shore fish-
ing only], Riverside Boat 
Ramp) surrounding Gavins 
Point Dam in Yankton, 
South Dakota
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to another angler’ and ‘retain’ are legal baitfish 
practices in South Dakota, risk for AIS spread 
is increased in these scenarios. ‘Use in another 
waterbody’ and ‘release into the waterbody’ are 
considered the riskiest disposal methods and could 
result in AIS spread. Anglers that selected multiple 
disposal options were grouped with their higher 
risk response. For the invasive species knowledge 
section of the survey, anglers were asked to identify 
which species were invasive from an image collage 
(Supplementary Fig.  S2) that included commonly 
used baitfish (creek chub Semotilus atromaculatus, 
common shiner Luxilus cornutus, and fathead 
minnow Pimephales promelas, gizzard shad 
Dorosoma cepedianum), other native species (river 
carpsucker Carpiodes carpio), and both species of 
juvenile invasive bigheaded carp (one image for 
each species). Pictures of the fish on the image 
collage were numbered, and respondents were asked 
to circle which numbers on the survey they thought 
were invasive. Additionally, anglers were asked 
to report, to the best of their knowledge, whether 
bigheaded carp are present above/below the dam 
and where they have received information regarding 
bigheaded carp. Anglers were considered accurate 
for bigheaded carp presence above and below the 
dam if they responded “no” and “yes”, respectively, 
for both questions. For the demographic section, 
anglers were asked to report what age category they 
fall into (i.e., 18 to 24, 25 to 34, 35 to 44, 45 to 54, 
55 to 64, and 65 or older) and the zip code of their 
primary residence.

For analyses, we first grouped anglers based on 
their responses to where they had fished in 2022 
(above Gavins Point Dam [above], below Gavins 
Point Dam [below], both above and below Gavins 
Point Dam [both]) and tested for differences in other 
responses by fishing location using Fisher’s exact 
test followed by pairwise comparisons if statistically 
significant (Bonferroni corrected). If responses 
were not significantly different among locations, we 
averaged the percentages across the three locations 
and calculated standard error (± SE). Incomplete 
responses for specific questions were omitted from 
analysis and sample sizes are noted for each question 
within parentheses. Data analysis for the survey 
was carried out in program R (v. 4.2.2; R Core 
Team 2022), and comparisons were assessed for 
significance at α = 0.05.

Results and discussion

Out of the 198 licensed anglers that were asked to 
participate, we received 103 surveys from individuals 
who participated in recreational fishing above and/or 
below the dam in 2022 (55 [above] and 48 [below]. 
After grouping responses based on fishing location, 
we received surveys from 22 individuals (0 shore 
anglers, 22 boat anglers) that fished only above, 28 
individuals (10 shore, 18 boat) that only fished below, 
and 53 individuals (13 shore, 40 boat) that fished 
above and below Gavins Point Dam in 2022.

Our survey results indicate that most anglers 
(70% ± 11.12; N = 98) use live baitfish and sometimes 
engage in risky or illegal behaviors when disposing 
of leftover live bait. Live baitfish use was higher for 
anglers that fished at both locations (N = 51; 84.3%) 
or only above the dam (N = 22; 77%), than anglers 
that fished only below (N = 25; 48%; different among 
locations, P = 0.006; Fig. 2). Walleye are intensively 
stocked in Missouri River reservoirs (Erickson et al. 
2008) such as above Gavins Point Dam and are com-
monly targeted with live baitfish. High baitfish use 
above the dam may have been influenced due to 
lacustrine species presence. Of the respondents that 
used live baitfish, 57% ± 3.14 (N = 73) engaged in 
‘higher risk’ practices and the proportion of these 
practices did not differ between locations (P = 0.681; 
Supplementary Fig. S3). 6.85% of anglers using live 
bait admitted to releasing live bait and other stud-
ies using in-person surveys have estimated slightly 
higher rates of baitfish release (18%, McEachran et al. 
2022). However, online surveys result in much higher 
release rate estimates (20–60%; Kilian et  al. 2012; 
Anderson et  al. 2014; Snyder et  al. 2020) indicat-
ing that social desirability bias for in-person surveys 
could be resulting in an underestimation of actual live 
bait release (McEachran et  al. 2022). The combina-
tion of high baitfish use and ‘higher risk’ behaviors in 
an area where invasive bigheaded carp are not present 
and dispersal is impeded by a dam demonstrates the 
value of targeting invasion front locations with educa-
tion and outreach to reduce the potential for anthropo-
genic invasive species spread.

Nearly half of anglers had not received information 
regarding bigheaded carp and few anglers were able 
to identify these species, indicating an elevated risk 
of invasive species introductions via live baitfish 
release. The proportion of anglers who had not 
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received information about bigheaded carp was not 
significantly different for anglers that fish above, 
below, or both above and below the dam (P = 0.725), 
with 40% ± 3.34 of anglers (N = 102) reporting to 
have not received information from word of mouth, 
electronic media sources, nor non-electronic media 
sources (Supplementary Fig. S4). Additionally, 19% 
of respondents that had heard about bigheaded carp 
had solely received information via word of mouth, 
which could have implications for the spread of 
potential misinformation (Seekamp et  al. 2016). 
Therefore, public outreach events targeted towards 
all user groups and using a variety of communication 
methods could combat the spread of potential 
misinformation via word of mouth and decrease risky 
behavior (Eiswerth et  al. 2011). Understanding the 
social networks of anglers may also be beneficial to 
combat misinformation. Only 2% ± 1.31 (N = 92) 
of anglers were able to solely (did not identify an 
incorrect species) identify both juvenile bigheaded 
carp as invasive (not different among locations, 

P = 0.484; Supplementary Fig. S5) and only 
19% ± 3.17 were able to solely identify at least one 
species of bigheaded carp as invasive from the image 
collage. Interestingly, 44% ± 4.26 of anglers identified 
gizzard shad as an invasive species in the image 
collage. It is illegal in South Dakota to transport live 
gizzard shad away from waters in which they were 
harvested due to physical similarities with juvenile 
bigheaded carp (§ 41:09:04:04.). Harvesting gizzard 
shad below Gavins Point Dam and in certain waters 
of South Dakota is also illegal due to the presence 
of invasive species; however, live gizzard shad can 
be harvested and used as baitfish in Lake Lewis 
and Clark and the Missouri River above Gavins 
Point Dam (§ 41:09:04:03.). Prohibition of their 
transportation as a live baitfish in South Dakota could 
have contributed to respondents classifying them as 
invasive. Additionally, 48% ± 4.48 (N = 99) of anglers 
correctly identified that carp were present below the 
dam and not above the dam (not significantly different 
among locations, P = 0.571; Fig.  2). Results from 

Fig. 2  a The percentage of anglers (N = 19) correctly identi-
fied both juvenile silver carp and bighead carp as invasive from 
the image collage of common baitfish, other native species, 
and bigheaded carps (not different among locations, P < 0.484; 

Supplementary Table  S9). b The percentage of anglers 
(N = 99) that accurately or inaccurately identified the presence 
of bigheaded carp [Hypophthalmichthys sp.] above and below 
Gavins Point Dam
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our survey do indicate an improvement (+ 9%) in 
angler awareness of bigheaded carp presence below 
Gavins Point Dam from a previous survey (87% of 
anglers in our study; 78% in Bouska and Longhenry 
2009). However, anglers are still commonly unable to 
identify invasive species (Drake and Mandrak 2014); 
therefore, a holistic approach may be needed to 
promote invasive species recognition to prevent AIS 
spread.

Although we expected to see variation in behavior 
and knowledge depending on fishing location 
(e.g., reservoir/above, river/below, or both), our 
results suggest that physical barriers may not create 
social barriers nor contribute to different levels 
of invasive species knowledge and risk. Instead, 
other demographic factors appeared to be more 
influential regarding AIS risk. For instance, age did 
not significantly differ between locations and ranged 
from 5.9% of anglers in the 18 to 24 age group to 21% 
of anglers in the 65 or older age group (P = 0.116; 
Supplementary Fig. S6). The age and state of 
residence of our surveyed angler population was 
similar to previous annual surveys in South Dakota 
(Gigliotti 2004; Bouska and Longhenry 2009). 
Differences in demographic characteristics, such as 
age, can contribute to differences in invasive species 
risk (McEachran et  al. 2022) and prevention may 
require the use of a variety of outreach methodologies 
to reach different age groups. Younger ages may 
respond to educational outreach from electronic 
media sources, whereas older age groups may respond 
more to non-electronic media sources (McEachran 
et  al. 2022). Although not the focus of this study, 
we found an interesting relationship between age 
and the source of information received regarding 
bigheaded carp. Word of mouth was prevalent in all 
age groups; however, anglers below the age of 54 
received information predominantly from electronic 
media sources, whereas anglers above the age of 54 
predominantly had not received any information 
regarding bigheaded carp (Supplementary Fig. S7). 
Future research should investigate this heterogeneity 
across age groups and the corresponding efficacy of 
educational campaigns. Additionally, travel distance 
may also be a factor that contributes to differences 
in behavior and knowledge among anglers. Surveyed 
anglers were from six different states which consisted 
of South Dakota (58% of respondents), Nebraska 
(32%), Iowa (6%), Minnesota (2%), Illinois (1%), 

and Michigan (1%) (N = 98). Approximately 41% of 
anglers surveyed were not South Dakota residents, 
which is similar to a previous study conducted from 
April–October in this area that found 47% of anglers 
fishing were not South Dakota residents (Bouska 
and Longhenry 2009). Of these individuals, 36.8% 
(n = 19; Supplementary Fig. S8) traveled more than 
100  km; therefore, anglers may be unfamiliar with 
local fishing regulations. Additionally, educational 
programs related to AIS are typically state-specific, 
although multiple national campaigns exist (e.g., U.S. 
Fish and Wildlife Service Clean, Drain Dry), which 
may result in anglers being unaware of regulations 
outside of the state in which they reside (Seekamp 
et al. 2016).

The combination of high baitfish use, risky 
behavior, and limited knowledge of bigheaded carp 
in this study highlights the need for AIS prevention 
strategies to incorporate regional education and 
regulations. Regional outreach could include a live 
baitfish guide that covers regulations from multiple 
states, identification of AIS of interest, and best 
baitfish disposal practices to increase AIS awareness 
and regulation compliance (Ludwig and Leitch 
1996). Managers can use education programs to 
address the live bait pathway as boaters and anglers 
that use live baitfish are willing to learn about AIS 
and participate in prevention activities (Eiswerth 
et  al. 2011). For example, implementing online AIS 
training or an invasive species examination at the 
time of purchasing a fishing license could increase 
angler knowledge and compliance. In turn, if boaters 
and anglers perceive that AIS is an environmental 
issue that negatively impacts them, they are more 
willing to act and promote positive social norms to 
reduce the risk of invasive species introduction and 
spread (Levers and Pradhananga 2021). Increased 
AIS information and personal responsibility 
could also reduce the spread of misinformation or 
misconceptions via word-of-mouth communication 
among anglers. Future research should investigate 
the effectiveness of educational campaigns among 
heterogeneous angler groups, the influence of the 
source of baitfish on AIS awareness (self-harvest vs 
purchase), and other factors influencing participation 
in biosecurity measures over a longer time period.
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