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Abstract

Objective: Live baitfish use is common among recreational anglers, and live baitfish release poses ecological
risks to ecosystems. The frequency of these behaviors may vary among diverse angler groups. We sought to
identify temporal trends and angler characteristics associated with these behaviors.

Methods: We used data from periodic large-scale angler surveys in Ontario, Canada, on the frequency of live
baitfish use and release, along with numerous angler characteristics, including age, region, and preferred tar-
get species. We used Elastic Net regressions to identify temporal trends as well as associations between angler
characteristics and the frequency of live baitfish use and release.

Results: The percentage of anglers who often used live baitfish declined from 36% in 2005 to 28% in 2020, and
release rates among live baitfish users declined by 5% from 2010 to 2020. Despite this, 19% of live baitfish
users released live baitfish in 2020, so substantial ecological risks persist. Live baitfish use was most frequent
among anglers from northern Ontario, anglers who ice fished, and anglers who targeted Walleye Sander vitreus
or Yellow Perch Perca flavescens, whereas live baitfish release was most likely among Canadian residents from
outside Ontario and anglers who did not have a preferred target species.

Conclusions: Live baitfish release declined over time, but ecological risks persist from release behavior. Ac-
counting for angler heterogeneity in live baitfish use and release could improve the effectiveness of education
and management strategies aimed at further mitigating ecological risks.

Keywords: angling, bait bucket introductions, demographics, fishing, human dimensions, invasive, minnows, nonnative

Lay summary

Live baitfish use and release varied among diverse angler groups (e.g., ice anglers vs. non-ice anglers) and have declined over
time, suggesting that focusing education initiatives on specific angler groups could further reduce ecological risks.

Hollingworth, 2002). Despite these benefits, recreational
angling can yield negative ecological consequences, such as
Recreational angling is a widespread activity that provides habitat disturbance, harvest-induced changes to population
substantial social and economic benefits, including personal structure, and nonnative species introductions (Arlinghaus &
well-being for anglers and income for rural communities Cooke, 2009; Cooke & Cowx, 2004; Davis & Darling, 2017;
(Arlinghaus et al., 2002, 2015; Cowx, 2002; Pitcher & Lewin et al., 2006; Post et al., 2002). In North America, one
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angling behavior with the potential to have negative ecologi-
cal effects is the release of live baitfish (i.e., any live fish used
as bait; Litvak & Mandrak, 1993; Mulligan et al., 2023).

Live baitfish are generally regarded as effective, with
higher catch rates than artificial lures, especially for certain
target species and fishing seasons (Bailey et al., 2019). In
addition to their effectiveness, live baitfish use is further
influenced by angler customs, ethics, and ecological beliefs
(Drake & Mandrak, 2014a). The North American baitfish
industry was conservatively valued at US$1 billion (i.e.,
$1x10° annually in 1993 (Litvak & Mandrak, 1993),
although a growing number of jurisdictions have restricted
such activities since that time and innovations in artificial
lures have occurred, thus making the current value of the
industry unknown. Despite its apparent economic impor-
tance, baitfish harvest poses numerous ecological risks,
including population depletion, bycatch, and habitat altera-
tion, especially when done intensively for commercial pur-
poses (Drake & Mandrak, 2014a; Litvak & Mandrak, 1993).
Moreover, using live baitfish outside of the water body where
they were harvested risks the introduction of nonnative
fishes, pathogens, and other aquatic organisms, especially
when the baitfish are released alive (Litvak & Mandrak,
1993; McEachran et al., 2023). For example, the introduc-
tion of Gulf Killifish Fundulus grandis via bait bucket release
has contributed to declines of native Plains Killifish F. zebri-
nus in the Pecos River (Texas, USA; Shepta et al., 2024).

Due largely to these risks, live baitfish use is prohibited in
many jurisdictions, including most Canadian provinces and
several American states. Where live baitfish use is permitted,
regulations typically limit the allowable species, prohibit
baitfish release, and sometimes restrict the transport of bait-
fish between water bodies or zones (Drake & Mandrak, 2014a;
Dunford, 2012; Ontario Ministry of Natural Resources
[OMNR], 2020). Nevertheless, invasive and nontarget species
have been frequently detected in bait shops (Drake &
Mandrak, 2014a; Litvak & Mandrak, 1993; Mahon et al.,
2014; Mulligan et al., 2023; Nathan et al., 2015; Snyder et al.,
2020). Although most single-use events present relatively low
ecological risks, the combination of high angler mobility
(Drake & Mandrak, 2010; Hunt & Lester, 2009), species misi-
dentification (Drake & Mandrak, 2014a; Gerber et al., 2024),
and vast numbers of angling events increases the risk of non-
native baitfish introductions (Drake & Mandrak, 2014b;
Ludwig & Leitch, 1996).

Intentional releases of live baitfish are often motivated by
convenience (relative to proper disposal methods), the mis-
belief that releasing unused baitfish benefits ecosystems by
feeding predators, or a reluctance to kill unused baitfish
(Drake & Mandrak, 2014a; Drake et al., 2015; Fera et al.,
2014; McEachran et al.,, 2022). Surveys across North
America suggest that, depending on the region, 19-65% of
anglers who use live baitfish will release them (Drake &
Mandrak, 2014a; Drake et al., 2015; Fera et al., 2014; Kilian
et al.,, 2012; Lindgren, 2006; Litvak & Mandrak, 1993;
McEachran et al., 2022; Ward et al., 2011). Accordingly,
minimizing the intentional release of unused baitfish is an
ongoing management objective with the potential to greatly
reduce ecological risks.

Education and outreach programs are a common strategy to
reduce live baitfish introductions by increasing angler aware-
ness of the negative ecological impacts associated with the
release of leftover baitfish (Johnson et al., 2024; Mulligan
et al.,, 2023, 2025; Nathan et al., 2014). Given that angler
characteristics (e.g., age, gender, and region) are known to
influence angler beliefs and behaviors (Arlinghaus et al.,
2017; Fisher, 1997; Hunt et al., 2023), rates of live baitfish
use and release may differ among anglers with diverse char-
acteristics. Identifying such patterns could therefore enable
more effective targeted education programs. For instance,
education materials could be directed to higher-risk groups
through their preferred information sources, and messaging
could be developed that may appeal to such groups.

In Ontario, Canada, live baitfish release is believed to have
contributed to introductions of invasive fishes such as the
Rudd Scardinius erythrophthalmus and range expansions of
fishes such as the Rainbow Smelt Osmerus mordax (Crossman
et al., 1992; Litvak & Mandrak, 1993). Due to the widespread
use of live baitfish by anglers in the province (i.e., 4.2 million
angler trips/year using live baitfish; OMNR, 2020), bait
bucket introductions remain an ecological concern. Here, we
used data from periodic large-scale angler surveys in Ontario
to examine (1) temporal trends in live baitfish use and release
and (2) angler behaviors and characteristics associated with
these activities. Such knowledge has the potential to inform
risk assessments while also providing managers with an
increased understanding of baitfish use and release, which
could be instrumental in developing targeted educational
approaches to further reduce the frequency of baitfish release.

Methods
Study area

Spanning over 1 million km?, the province of Ontario, Canada,
contains approximately 250,000 lakes and 490,000 km of riv-
ers that support vast recreational angling opportunities
(OMNR, 2022). Ontario recreational fishing licenses include
sportfishing (higher harvest limits), conservation (lower har-
vest limits), and day licenses (i.e., 1-d-only licenses with the
same harvest limits as sportfishing licenses; Hunt et al., 2022).
Certain individuals, such as those under 18 or over 65 years of
age, military veterans, and individuals with disabilities, are
deemed license holders and are not required to purchase a
fishing license. Indigenous peoples exercising their treaty or
Aboriginal rights do not purchase licenses.

In Ontario, live baitfish are among the most common types
of bait and tackle used (ranking behind artificial lures and
sometimes earthworms; Hunt et al., 2022; OMNR, 2009,
2014, 2019, 2020), with annual retail sales of live baitfish in
Ontario estimated at Can$17 million in 2005 (OMNR & Bait
Association of Ontario, 2006). The use, purchase, and self-
harvest of live baitfish are legal for holders of recreational
fishing licenses across Ontario. Upon the discovery of viral
hemorrhagic septicemia, a fish-based pathogen, in Lake
Ontario (2005) and Lake Simcoe (2011), the OMNR imple-
mented zones out of which bait transport by commercial bait
license holders was prohibited. In 2013, a provincial review
of baitfish regulations began, which eventually led to updated
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regulations. Specifically, in 2022, Ontario’s Sustainable Bait
Management Strategy (OMNR, 2020) was implemented,
which introduced four bait management zones in an effort to
reduce the risks associated with the spread of invasive species
and disease. Anglers and commercial bait license holders are
now restricted from transporting baitfish (whether wild
caught or farm raised) across bait management zones, with
limited exceptions (OMNR, 2020). It is also illegal to import
any live baitfish into Ontario (OMNR, 2025). In addition, the
list of species that can be used as live baitfish was reduced
from 48 to 34 species to remove those that could be easily
confused with invasive species or with species at risk.

Survey information

Every 5 years since 1975, the OMNR has conducted an anony-
mous survey to obtain data on angler behaviors, beliefs, and
characteristics (in collaboration with the Department of
Fisheries and Oceans Canada until 2020; Hunt et al., 2022).
The surveyed anglers were a subset of all those who held a
fishing license in the corresponding survey year. We used data
from these surveys to conduct our analyses. For details on the
2005, 2010, 2015, and 2020 survey methodologies, refer to
OMNR (2009, 2014, 2019) and Hunt et al. (2022), respec-
tively. Ontario resident anglers (ages 18-64) were selected for

surveying (combination of mail and online) from an online
licensing database using stratified random sampling based on
region (i.e., first digit of the postal code) and license type (i.e.,
sportfishing, conservation, or day). Canadian residents (i.e.,
Canadian anglers who were not Ontario residents) and nonres-
idents (i.e., anglers from the United States) were also surveyed
and were stratified based on license type only. Nonresident
anglers were not sampled in 2020 due to travel restrictions
from the COVID-19 pandemic. From 2010 onwards, senior
residents aged 65 and older (deemed license holders) were
sampled from individuals who had held a fishing license
within the past 5 years using stratified random sampling based
on region and license type. The numbers of surveys sent and
usable responses received for each angler group are summa-
rized in Table 1. The sampled anglers did not include anglers
who were deemed license holders (apart from senior anglers).

Extracted data

The data on the frequency of live baitfish use were extracted
from a question included in the 2005, 2010, 2015, and 2020
surveys: “How often did you use live baitfish when fishing in
Ontario?” The response options were (1) never, (2) some-
times, or (3) often. The data on the frequency of live baitfish
release were extracted from a separate question present in the

Table 1 Number of surveys sent to Ontario anglers and the number of usable responses received for each mutually exclusive angler group and

survey year. Abbreviation is as follows: NA = not applicable.

Usable responses

Frequency of live
baitfish use

Frequency of live
baitfish release

Survey year Angler group Surveys sent received responses responses?
2005 Ontario residents 7,992 2,396 1,967 NAP
Ontario senior residents 0c NA¢© NA¢© NAP
Canadian residents 1,801 417 375 NAP
Nonresidents 14,200 7,854 4,934 NAP
2010 Ontario residents 13,551 4,726 3,711 1,819
Ontario senior residents 2,911 1,213 846 378
Canadian residents 1,468 463 424 181
Nonresidents 11,962 5,446 5,175 2,422
2015 Ontario residents 25,561 4,322 3,674 2,028
Ontario senior residents 2,784 942 583 297
Canadian residents 2,271 363 314 129
Nonresidents 11,995 3,555 3,262 1,618
2020 Ontario residents 28,548 12,896 4,981 2,866
Ontario senior residents 2,000 1,149 328 191
Canadian residents 1,452 510 218 101
Nonresidents 0d NAd NAd NAd

20nly respondents who indicated that they used live baitfish were able to respond to the question on live baitfish release.

bQuestion on the frequency of live baitfish release was not asked in 2005.
cOntario senior residents were not sampled in 2005.
dNonresidents were not sampled in 2020 due to travel restrictions.
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2010, 2015, and 2020 surveys: “What did you do with your
live baitfish at the end of the day?” This question was only
answered by respondents who used live baitfish. Under the
option “Release into a body of water,” the response options in
2010 and 2015 were (1) never, (2) sometimes, or (3) always.
However, in 2020, the response options to the same question
were (1) never, (2) sometimes, or (3) often. To ensure consist-
ency between survey years, we converted the frequency of live
baitfish release to a binary variable (i.e., never released live
baitfish or did release live baitfish). The number of responses
to each question is summarized in Table 1.

From the survey data for all four survey years, we also
extracted the following: age, gender, region, preferred target
species, days fished, ice-fishing participation, license type,
amount spent on fishing, and angler group (variables are
defined in Table 2). The first digit of Ontario postal codes has
five options, each corresponding to a region in Ontario
(Figure 1A). Starting in 2010, the Forward Sortation Area
(first three letters of the postal code) was available, from
which we derived whether each respondent was from a rural
or urban community (a second character of 0 indicates a rural
area, whereas values of 1-9 indicate an urban area; Figure 1B).
The species groups that were used to qualify the respondent’s
preferred target species are summarized in Table 3. Species
were grouped because many respondents provided broader
answers than each species’ common name (e.g., “bass” or
“trout”).

Certain variables of interest were not present in all survey
years. Anglers were queried on their fishing method (i.e., per-
centage of time fishing from shore vs. from a watercraft) only
in 2005 and 2015. Harvest orientation (i.e., ordinal frequency

of harvested fish consumption ranging from 1 [daily] to 7
[rarely]) was only measured in 2010. A question on pretax
household income (ordinal income [Can$] ranging from 1
[<$20,000] to 8 [>$140,000]) was only included in the 2010
and 2015 surveys. Finally, live baitfish source (i.e., commer-
cial retailer, self-harvest, or both) was only included in the
2020 survey. We treated these variables separately to exam-
ine associations with live baitfish use and release.

Statistical analyses

We used Elastic Net models to identify associations between
angler characteristics and live baitfish use and release. Logistic
regression models become unstable in the presence of multi-
collinearity (Belsley et al., 2005), making them unsuitable for
our analyses given that many angler behaviors and character-
istics are interrelated (e.g., target species, region, and ice-
fishing participation). Conversely, regularized regression
models such as Elastic Net can stabilize model coefficients in
the presence of multicollinearity. Regularization techniques
add penalty terms to model coefficients to prevent overfitting
and improve accuracy. Elastic Net regularization combines the
benefits of two coefficient penalty terms: the least absolute
shrinkage and selection operation (LASSO) penalty (L1;
Tibshirani, 1996) and the ridge penalty (L2; Hoerl & Kennard,
1970). The relative contribution of the L1 and L2 penalties is
controlled by the mixing parameter a, which ranges from 0 to
1 (a=0 represents a pure L2 penalty, and a =1 represents a
pure L1 penalty). The overall penalty strength is determined
by the tuning parameter A (Zou & Hastie, 2005). Notably, the
L1 penalty shrinks unimportant coefficients to zero, thereby
providing a parsimonious model (Tibshirani, 2011), whereas

Table 2 Description and availability (i.e., the survey years from which data were available) of variables used in analyses to identify
associations between angler characteristics and live baitfish use and release behaviors.

Variable Survey year(s) Description

Age 2005, 2010, 2015, 2020 Age at the end of the survey year

Gender 2005, 2010, 2015, 2020 Male or female (“other” was not included due to insufficient sample size)
Region 2005, 2010, 2015, 2020 First digit of respondent’s postal code

Community 2005, 2010, 2015, 2020 Rural or urban

Preferred target species
Days fished

Ice-fishing participation
License type

Amount spent on fishing

Angler group
Fishing method
Harvest orientation
Household income

Live baitfish source

2005, 2010, 2015, 2020
2005, 2010, 2015, 2020
2005, 2010, 2015, 2020
2005, 2010, 2015, 2020
2005, 2010, 2015, 2020

2005, 2010, 2015, 2020
2005, 2015

2010

2010, 2015

2020

Preferred species or species group to target
Number of days fished during the survey year
Whether or not the respondent ice fished
Conservation, day, or sportfishing

Total amount (Canadian dollars) spent on recreational fishing, excluding
major purchases and fishing packages

Ontario resident, senior resident, Canadian resident, or nonresident
Percent fished from shore (as opposed to from a watercraft)
Frequency of fish consumption

Household pretax income (Canadian dollars)

Purchased, harvested, or both
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Figure 1 Map of Ontario, Canada: (A) five Ontario regions indicated by the first digit of the postal code (K = southeast Ontario, L = Greater
Toronto, M = Toronto, N = southwest Ontario, and P = northern Ontario) and (B) rural and urban areas in Ontario indicated by the second digit
of the postal code (second digit of 0 indicates rural; second digit of 1-9 indicates urban). In panel B, light gray denotes rural areas, and dark

gray denotes urban areas.

the L2 penalty stabilizes coefficient estimates in the presence
of correlated predictors (Zou & Hastie, 2005; Zou & Zhang,
2009). As a result, Elastic Net models distribute the weight of
coefficients across collinear predictors, thus improving model
stability (Zou & Hastie, 2005).

To investigate live baitfish use, we used two ordinal Elastic
Net models. The first model included age, survey year, gen-
der, angler group, days fished, ice-fishing participation, pre-
ferred target species, and amount spent on fishing. The second

model only included Ontario residents (including senior resi-
dents) and survey years from 2010 onward so that we could
include region and community (i.e., urban vs. rural) as pre-
dictors, in addition to the other predictors from the first
model (Figure 2). These predictors were selected because
they capture key demographic, behavioral, economic, and
spatial factors that may influence anglers’ access to and pref-
erences for live baitfish use and release. Multi-level categori-
cal predictors were converted to a set of indicator variables
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Table 3 Fish species and sample sizes of groups that were used to qualify the preferred target species of sampled anglers. Sample sizes
represent the number of respondents (from the subsample of respondents that answered the survey questions on live baitfish) who indicated
that the corresponding group was their preferred target species. Abbreviation is as follows: NA = not applicable.

Group name

Included taxa

Sample size

Anything or uncertain NA 178
Black bass Micropterus spp. 6,210
Other species Emerald Bowfin Amia ocellicauda, Freshwater Drum Aplodinotus grunniens, whitefishes 216
Coregonus spp., Common Carp Cyprinus carpio, catfishes (Ictaluridae), Burbot Lota lota,
temperate basses Morone spp., Rainbow Smelt Osmerus mordax
Panfish Rock Bass Ambloplites rupestris, sunfishes Lepomis spp., crappies Pomoxis spp. 425
Pikes Esox spp. 3,045
Salmonines Salmon Oncorhynchus spp., trout Salmo spp., chars Salvelinus spp. 3,026
Walleye Sander vitreus 14,952
Yellow Perch Perca flavescens 1,082
Model number Who? What variables

Ontario

residents
¢ Other
Canadians
* Non-

residents

Ontario
residents

Age

Gender

* Preferred target species

* Days fished

* Icefishing participation

* Licensetype

Amount spent on fishing

Angler group
K Age \
* Gender

* Preferred target species
e Daysfished

* Ice fishing participation

* Licensetype

*  Amount spent on fishing
Angler group

Region

k Community J

Figure 2 Diagram of the Elastic Net model structures used to investigate angler characteristics associated with live baitfish use and release.
Differences in the models are depicted in bold. Refer to Table 2 for descriptions of the variables.

(i.e., a binary variable for each category) so that there were
no baseline categories, which can influence model fit (Wurm
et al., 2021). Numerical variables were standardized to a
mean of 0 and an SD of 1 so that scale did not affect the
degree of penalization (Friedman et al., 2010; Wurm et al.,
2021).

Similarly, to investigate live baitfish release, we constructed
two binomial Elastic Net models with the same structure as
the live baitfish use models. For all four Elastic Net models,
we set o equal to 0.5 to balance L1 and L2 penalty strength
and we used 10-fold cross validation to determine the A value
that minimized the misclassification rate (Zou & Hastie,
2005). To address class imbalance in the binomial Elastic Net
models (i.e., far more nonreleasing anglers than releasing

anglers; see the Results section), nonrelease responses were
weighted proportionally to the ratio of nonreleasing to releas-
ing anglers. This adjustment increased the influence of the
minority class in the model, preventing it from always pre-
dicting the most common response (Friedman et al., 2010).
Traditional uncertainty estimates, test statistics, and P-values
are not reported for Elastic Net models because penalization
alters the coefficients’ sampling distributions such that stand-
ard inferential formulas do not apply. Instead, we focused on
the magnitude of the model coefficients and the model
accuracy.

To examine predictors that were only available in certain
survey years, we used separate ordinal or binary logistic
regression models. For interpretability, all model coefficients
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(log odds) are exponentiated and reported as odds ratios,
which represent the odds of an event occurring in an exposed
group divided by the odds of it occurring in an unexposed
group. Odds ratios less than 1.0 are inversed (e.g., reported in
the text as the odds are 1.11 times lower rather than 0.90
times higher).

All statistical analyses were performed in R version 4.5.1 (R
Core Team, 2025) using the RStudio interface (Posit Team,
2025). The package “ordinalNet” was used to run the Elastic
Net models on the ordinal frequency of live baitfish use data
(Wurm et al., 2021), and the package glmnet was used to run
the Elastic Net models on the binary live baitfish release data
(Friedman et al., 2010; Tay et al., 2023). Ordinal logistic
regression models for variables only occurring in certain sur-
vey years were conducted using the “ordinal” package
(Christensen, 2023). Maps were created using QGIS version
3.44.4 (QGIS Development Team, 2026), and graphical fig-
ures were created using R packages from the tidyverse
(Wickham et al., 2019). Due to the high number of predictor
variables being analyzed, we only plotted relationships with
survey year (because identifying temporal trends was one of
our objectives) or with any other predictors from the Elastic
Net model for which the odds ratio was greater than 1.5 or
less than 0.67 (i.e., at least 1.5 times greater or 1.5 times
lesser odds). Similarly, we only plotted the separate logistic
regression models with statistically significant results.

Results
Live baitfish use

The Elastic Net model that included all survey years and
angler groups (model 1; Figure 2) achieved its minimum mis-
classification rate at A=4.63 x 10-3, correctly predicting live
baitfish use (never, sometimes, or often) 54% of the time com-
pared with 42% accuracy for a null model always predicting
the most common response (nonuse). The second Elastic Net
model (model 2; including the region and community varia-
bles for Ontario residents from 2010 onward) minimized the
misclassification rate at A =7.58 x 10-% and had 56% accuracy
compared with 39% for the corresponding null model. For
predictor variables that occurred in both models, we report
the coefficients from model 2 due to its higher accuracy.

Overall, temporal patterns suggested a shift away from fre-
quent use of live baitfish toward more occasional use over
time, with a similar absolute number (57% on average) of
anglers that used live baitfish among years (Figure 3A).
Specifically, the percentage of respondents (i.e., raw survey
data) who “sometimes” used live baitfish rose from 19% in
2005 to 30% in 2020, whereas the proportion who “often”
used live baitfish declined from 36% in 2005 to 28% in 2020.
Consistent with these trends, Elastic Net models indicated
that the odds of using live baitfish “often” were highest in
2010 but notably lower in 2020, and the odds of reporting
any live baitfish use (i.e., “sometimes” or “often”) were also
lower in 2020 relative to 2005. Other survey year coefficients
had minimal impacts on model accuracy (Table 4).

Ice anglers were far more likely to use live baitfish than
non-ice anglers (Figure 3B). Raw survey results showed that
49% of ice anglers used live baitfish “often” compared with

Live Baitfish Use

never . sometimes . often
(B) 100

751
B 50 L
| i .
B 0 E
2005 2010 2015 2020 Yes No
Survey Year Ice Fishing Participation

(A) 100/

751

50
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2

a

(c) 100 4

751

50 1

01 .ll..lII

Any{hing Blz;ck Other Panlﬁsh Pil;es SalmclminesWaIieye Yeliow
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Preferred Target Species
(D) 14
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2

a
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| . .
04
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Tor(l)nto
Region
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Figure 3 Frequency of live baitfish use for Ontario anglers (i.e.,
percentage of respondents indicating that they used live baitfish
“never,” “sometimes,” or “often”) (A) among four survey years
(2005, 2010, 2015, and 2020), (B) between anglers who participated
in ice fishing and those who did not participate in ice fishing, (C)
among anglers with different preferred target species groups, and (D)
among anglers in five regions of Ontario (southeast, Greater Toronto,
Toronto, southwest, and northern). Please refer to Table 3 for
information on specific species that were included within each
preferred target species group.

30% of non-ice anglers. Additionally, only 15% of ice anglers
“never” used live baitfish compared with 49% of non-ice
anglers. The Elastic Net model indicated that ice anglers had
4.6 times higher odds of responding that they “sometimes” or
“often” used live bait and 2.2 times higher odds of specifically
responding “often” (Table 4).

Anglers targeting Walleye or Yellow Perch were more likely
to use live baitfish than anglers targeting other species. Raw
survey results showed that nearly half of Walleye anglers
(46%) and Yellow Perch anglers (50%) reported using live
baitfish “often,” whereas use was much lower among anglers
that preferred to target black bass Micropterus spp. (17%) and
pikes Esox spp. (17%; Figure 3C; Supplementary Table 1).
Correspondingly, the Elastic Net model indicated that Walleye
anglers had 1.9 times higher odds of responding that they
“sometimes” or “often” used live baitfish and also 1.9 times
higher odds of specifically responding “often,” while those
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Table 4 Odds ratios (ORs) from Elastic Net models identifying angler characteristics associated with live baitfish use in Ontario, Canada.
“>none” indicates the OR of reporting that live baitfish use occurred “sometimes” or “often.” “Often” represents the OR of specifically
reporting that live baitfish were used “often.” Model 1 included all angler groups. Model 2 used only Ontario residents and included
geographic information. The ORs corresponding to 1.5 times greater or lesser odds are shown in bold italics. Abbreviation is as follows: NA =

not applicable.

Model 1 Model 2
Variable >none Often >none Often
Age 1.00 1.00 0.99 1.00
Year: 2005 0.97 1.00 NA NA
Year: 2010 1.20 1.03 1.13 1.23
Year: 2015 1.00 0.93 1.00 1.00
Year: 2020 0.91 0.74 0.82 0.78
Gender: female (vs. male) 1.16 1.35 1.03 1.28
Group: Ontario residents 1.02 0.93 NA NA
Group: Ontario seniors 1.00 1.00 NA NA
Group: nonresidents 1.00 1.20 NA NA
Group: other Canadians 0.76 1.00 NA NA
License: sportfishing 1.35 1.42 1.33 1.20
License: conservation 0.83 0.93 0.86 0.88
License: day 0.69 1.00 0.82 1.00
Days fished 1.01 1.00 1.01 1.00
Ice-fishing participation 4.33 2.26 4.64 2.17
Target: salmonines 0.85 0.91 0.89 0.95
Target: anything/uncertain 0.98 1.00 1.00 1.00
Target: other species 0.91 1.00 1.00 1.24
Target: panfish 0.84 1.00 0.93 1.00
Target: Walleye 2.35 2.50 1.86 1.85
Target: black bass 0.87 0.75 0.94 0.85
Target: pikes 1.00 0.70 1.04 0.92
Target: Yellow Perch 2.22 2.59 2.98 2.55
Total amount spent on fishing (Canadian dollars) 1.00 1.00 1.00 1.00
Region: southeast Ontario NA NA 0.68 0.75
Region: Greater Toronto NA NA 0.97 1.00
Region: Toronto NA NA 1.00 0.94
Region: southwest Ontario NA NA 1.07 1.02
Region: northern Ontario NA NA 2.01 2.41
Community: rural (vs. urban) NA NA 1.00 1.00

targeting Yellow Perch had 3.0 and 2.6 times higher odds,
respectively. Anglers preferring to target other species groups
had weaker associations (Table 4).

Anglers from northern Ontario (region P) used live baitfish
the most frequently, with 25% responding “sometimes” and

56% responding “often” in the raw survey data (Figure 3D;
Supplementary Table 1). Accordingly, northern Ontario
anglers had 2.0 times higher odds of using live baitfish “some-
times” or “often” and 2.4 times higher odds of using live bait-
fish “often” than anglers from other regions. In contrast, 29%
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of anglers from southeast Ontario (region K) responded
“sometimes” and 21% responded “often” (Figure 3D), corre-
sponding to 1.5 times lower odds of using live baitfish “some-
times” or “often” and 1.3 times lower odds of using live
baitfish “often.” Other regions contributed little to the mod-
el’s accuracy, and odds were similar between rural and urban
areas (Table 4).

Gender, license type, and angler group had modest associa-
tions with live baitfish use (Supplementary Table 1). Female
anglers had slightly higher odds of using live baitfish than
males, and anglers holding sportfishing licenses had higher
odds compared with those with conservation or day licenses.
Finally, Canadian residents had the lowest odds of using live
baitfish, whereas nonresidents had higher odds. Age, days
fished, and total amount spent on fishing contributed little to
model accuracy (Table 4).

Results for variables that were not present for all survey
years, such as harvest orientation, household income, and
percent fished from shore, are included as Supplementary
Information. In summary, there were no significant linear
relationships between live baitfish use and either harvest ori-
entation or household income. However, the odds of using
live baitfish were greater for anglers who fished more from a
watercraft (i.e., less from shore; Supplementary Figure 1).

Live baitfish release

The Elastic Net model that included all survey years and
angler groups (model 1) achieved its minimum misclassifica-
tion rate at A=1.23 x 10-2. Due to high class imbalance (i.e.,
79% of respondents indicated that they never released live
baitfish), a null model always predicting the most common
response had seemingly high accuracy (79%), but its sensitiv-
ity (i.e., the model’s ability to identify release cases correctly)
was 0%. Although the overall accuracy from our Elastic Net
model (62%) was lower than a null model, its sensitivity was
58%, indicating that it correctly identified 58% of respondents
who released live baitfish. The second Elastic Net model
(model 2) achieved its minimum misclassification rate at
A=4.71 x 1073, with a sensitivity of 62%. For predictor varia-
bles occurring in both models, we report coefficients from
model 2 due to its higher sensitivity.

Live baitfish release declined over time. Raw survey data
revealed that for anglers who used live baitfish at least “some-
times,” the percentage who released live baitfish declined
from 25% in 2010 to 19% in 2020 (Figure 4A; Supplementary
Table 2). Consistent with this pattern, the Elastic Net models
indicated that the highest odds of live baitfish release were in
2010 and the lowest odds were in 2020 (Table 4).

Angler group was the strongest predictor of live baitfish
release. Raw survey data revealed that 35% of Canadian resi-
dents released live baitfish compared with 23% of Ontario
residents, 19% of Ontario seniors, and 18% of nonresidents
(Figure 4B). The Elastic Net model revealed that the odds of
releasing live baitfish were 1.8 times higher for Canadian res-
idents and 1.4 times lower for nonresidents. Ontario residents
and Ontario seniors contributed little to the model’s accuracy
(Table 5).

Live baitfish release varied by target species and by fishing
mode. Raw survey data revealed that release was most
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Figure 4 Percentage of anglers indicating that they never released
live baitfish or that they did release live baitfish in Ontario (A)
among three survey years (2010, 2015, and 2020); (B) among four
angler groups (nonresidents [i.e., anglers from the United States],
Ontario residents, Ontario seniors [i.e., ages 65-70 who held a
fishing license in the past 5 years], and other Canadians [i.e.,
Canadians who were not Ontario residents]); and (C) among anglers
with different preferred target species groups (see Table 3 for
information on specific species that were included in each group).

common among generalist anglers indicating that they prefer
to target “anything or uncertain” (38%) and was least com-
mon among anglers who preferred to target salmonines or
“other species” (18%; Figure 4C; Supplementary Table 1).
Accordingly, the Elastic Net model indicated that anglers tar-
geting “anything or uncertain” had 1.6 times higher odds of
release, whereas anglers targeting salmonines or anglers tar-
geting other species had 1.3 times lower odds. Other targeted
species groups contributed little to the model’s accuracy
(Table 5). Furthermore, 17% of ice anglers using live baitfish
released them compared to 24% of non-ice anglers, corre-
sponding to 1.4 times lower odds of live baitfish release for
ice anglers (Table 5).

Rates of live baitfish release (raw survey data) varied
regionally, with the lowest release from northern Ontario
(15%) and southeast Ontario (17%) anglers and the highest
release from southwest Ontario (31%) and Toronto (33%)
anglers (Supplementary Table 2). Correspondingly, northern
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Table 5 Odds ratios from Elastic Net models identifying angler
characteristics associated with live baitfish release (binary; released
or did not release) in Ontario, Canada. Model 1 included all angler
groups. Model 2 used only Ontario residents and included
geographic information. The odds ratios corresponding to 1.5 times
greater or lesser odds are shown in bold italics. Abbreviation is as
follows: NA = not applicable.

Variable Model 1 Model 2
Age 0.99 0.99
Year: 2010 1.31 1.22
Year: 2015 1.00 1.00
Year: 2020 0.95 0.82
Gender: female (vs. male) 1.00 1.00
Group: Ontario residents 1.00 NA
Group: Ontario seniors 1.00 NA
Group: nonresidents 0.73 NA
Group: other Canadians 1.77 NA
License: sportfishing 0.98 0.94
License: conservation 1.28 1.30
License: day 1.00 1.18
Days fished 1.00 0.99
Ice-fishing participation 0.74 0.72
Target: salmonines 0.83 0.79
Target: anything/uncertain 1.17 1.64
Target: other species 1.00 0.77
Target: panfish 1.00 1.05
Target: Walleye 0.76 0.94
Target: black bass 1.16 1.02
Target: pikes 1.00 1.00
Target: Yellow Perch 1.16 1.08
Total amount spent on fishing 1.00 1.00
(Canadian dollars)
Region: southeast Ontario NA 0.72
Region: Greater Toronto NA 1.00
Region: Toronto NA 1.31
Region: southwest Ontario NA 1.29
Region: northern Ontario NA 0.68
Community: rural (vs. urban) NA 1.00

and southeast Ontario anglers had notably lower odds of
releasing live baitfish, while southwest Ontario and Toronto
anglers had higher odds. Respondents from Greater Toronto
did not impact model accuracy (Table 5).

Live baitfish release differed modestly by license type but
not by gender. Specifically, 27% of anglers with conservation
licenses released live baitfish compared with 26% of day
license holders and 19% of sportfishing license holders (raw
survey data). Accordingly, the Elastic Net model indicated
that the odds of live baitfish release by conservation and day
license holders were slightly higher than the odds of release
by anglers with sportfishing licenses (Table 5). The percent-
age of respondents releasing live baitfish was similar between
females (24%) and males (21%). Finally, age contributed neg-
ligibly to model accuracy.

Results for variables that were not present for all survey
years, such as harvest orientation, household income, percent
fished from shore, and baitfish source, are included as
Supplementary Information. In summary, no statistically sig-
nificant linear relationships existed between live baitfish
release and either harvest orientation or household income.
However, the odds of releasing live baitfish were greater for
anglers who fished more from shore (Supplementary Figure
2A) and for anglers who harvested their own baitfish
(Supplementary Figure 2B).

Discussion

The live baitfish industry is economically important across
several areas of North America (Drake & Mandrak, 2014a;
Litvak & Mandrak, 1993; OMNR & Bait Association of Ontario,
2006). Our findings indicated that the percentage of Ontario
anglers using live baitfish remained relatively similar from
2005 to 2020. However, the decrease in anglers using live
baitfish “often,” coupled with a corresponding increase in
those reporting that they used live baitfish “sometimes,” sug-
gests a reduction in the frequency of use over time. Separate
Ontario surveys have reported that 81% of Ontario anglers
used live baitfish at least sometimes in 2007 (Drake &
Mandrak, 2014a) and 68% did so in 2009 (Fera et al., 2014).
However, these surveys were conducted with different meth-
ods, achieved different response rates, and may have had dif-
ferent response biases, making comparisons difficult.
Nonetheless, these estimates are higher than those from our
study period, which averaged approximately 57%. It is possi-
ble that live baitfish use declined over a longer time horizon
than was captured by the present study. Such a decrease could
be due to factors such as increasing costs of live baitfish (Kerr,
2012), improvements in artificial lures, and more restrictive
baitfish regulations. Higher rates of live baitfish use have been
reported elsewhere, such as Minnesota, where 72% of respond-
ents to a 2019 survey indicated using live baitfish (McEachran
et al.,, 2022). The trends identified in the present study are
novel in their temporal scale and emphasize that the frequency
of live baitfish use may be declining over time.

Live baitfish release represents a persistent pathway for the
introduction of nonnative species, with implications for fresh-
water biodiversity and ecosystem health (Drake & Mandrak,
2014b; Kilian et al., 2012; Mulligan et al., 2023). Previous
data in Ontario identified a decline in the percentage of
anglers using live baitfish who released the baitfish: from 53%
in 2004 to 36% in 2009 (Fera et al., 2014). Separate data from
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a 2007 survey suggested that approximately 30% of anglers
who used live baitfish released them (Drake & Mandrak,
2014a). Our study revealed further declines from 2010 to
2020, with levels reaching 19% in 2020. Similarly, rates of
live baitfish release in Minnesota were about 20% in 2019
(McEachran et al., 2022). Release rates as high as 65% have
been reported elsewhere (Maryland in 2008; Kilian et al.,
2012). Existing efforts in Ontario from the OMNR, Department
of Fisheries and Oceans Canada, and partner organizations
(e.g., Ontario Federation of Anglers and Hunters) that may
have contributed to the observed decline in release rates over
time include education and outreach at fishing shows, web-
sites, magazine and regulation summary advertisements, sig-
nage at boat launches, and social media posts (increasingly
used within the past decade). However, an increase in aware-
ness of the negative ecological effects of releasing live baitfish
could also increase the prevalence of social desirability bias
and contribute to decreased reporting of release behavior.
Nonetheless, at least some improvements in release rates are
likely to have resulted from education increasing angler
awareness of the ecological risks (Mulligan et al., 2025). In the
future, research could attempt to quantify the degree to which
social desirability bias impacts live baitfish release reporting
by using random response methods, for example (Schill &
Kline, 1995). Outside of messaging that is specific to baitfish,
a broader increasing awareness regarding the risks of invasive
species could also be a notable contributor to decreasing rates
of live baitfish release. Regardless, the results of our study and
other studies show that live baitfish use and release rates are
unlikely to be uniform among anglers (Floerl et al., 2016).
Understanding how angler behaviors regarding live baitfish
vary across diverse angler characteristics is essential for iden-
tifying patterns of use and release that can inform education
and management. Here, we found that the frequency of live
baitfish use differed among angler characteristics, with the
strongest predictors being ice-fishing participation, target
species, and region. Contrary to the findings of McEachran
et al. (2022) in Minnesota, younger anglers did not use live
baitfish more frequently than older anglers. Nonetheless,
anglers who ice fished, preferred to target Walleye or Yellow
Perch, or were from northern Ontario were most likely to use
live baitfish frequently. These factors are likely interrelated;
Walleye are more abundant in northern Ontario (OMNR,
2022), Walleye are the most popular species to target through
the ice (Hunt et al., 2022), and ice fishing is most popular in
northern Ontario (Hunt, 2024). In line with our findings,
Walleye anglers were also most likely to use live baitfish in
Minnesota (McEachran et al., 2022). Additionally, we found
that anglers with sportfishing licenses were more likely to use
live baitfish than anglers with other licenses; furthermore,
anglers who fished more from watercraft were more likely to
use live baitfish than anglers who fished more from shore. A
likely contributor to many of these trends is that more spe-
cialized anglers (i.e., those for whom angling is most central
to their lifestyle) may be most likely to use live baitfish often.
Indeed, highly specialized anglers are usually sportfishing
license holders (Hunt et al., 2021, 2022) and are more likely
to engage in ice fishing (Hunt, 2024) or to fish from a water-
craft. Additionally, licensing rates tend to be much higher in

northern Ontario than in any other region (OMNR, unpub-
lished data), demonstrating the centrality of fishing to the
lifestyle of northern Ontarians. However, such angler charac-
teristics are not necessarily the same ones associated with
releasing live baitfish.

Among angler characteristics associated with live baitfish
release, the strongest predictors were angler group and pre-
ferred target species. Anglers who were Canadian residents
from areas other than Ontario and anglers who did not have
a specific preferred target species were most likely to release
live baitfish. Additionally, anglers from Toronto or southwest
Ontario and those with conservation licenses were more
likely to release live baitfish. Interestingly, many characteris-
tics that were associated with live baitfish release were not
associated with live baitfish use. For instance, Canadian resi-
dents that were not from Ontario were the least likely angler
group to use live baitfish, but they were much more likely to
release live baitfish. Additionally, anglers from northern
Ontario were least likely to release live baitfish but were most
likely to use live baitfish. In contrast to the results of
McEachran et al. (2022), we did not find that angler age was
correlated with live baitfish release. Several traits associated
with live baitfish release, such as not having a preferred tar-
get species, being from Toronto (lowest licensing rates in the
province; OMNR, unpublished data), not participating in ice
fishing (Hunt, 2024), and having a conservation license (i.e.,
lower bag limits; Hunt et al., 2021, 2022), could be indicative
of less angler specialization, suggesting that they may be less
likely to have engaged with commonly used platforms for
angling education and outreach. Given that angler specializa-
tion is associated with support for conservation and manage-
ment (Oh & Ditton, 2008), it is plausible that less specialized
anglers could be less aware of—or less compliant with—reg-
ulations against live baitfish release. Nonresident anglers
would likely be the hardest group to reach for education, but
fortunately they were among the angler groups that were
least likely to release live baitfish. Despite these trends, a
notable amount of release behaviors remained unpredictable,
with the most accurate Elastic Net model misclassifying 38%
of people who released live baitfish. This finding is consistent
with the results of Drake et al. (2015) and likely reflects the
persistence of behavioral norms that vary at the individual
level even within groups (Perrings et al., 2002). When inter-
preting these results in the context of informing education
initiatives, this raises the following question: Should manag-
ers target groups that release live baitfish the most but use
live baitfish the least, or vice versa?

It is first important to consider why traits such as being a
Canadian resident from a province outside of Ontario or traits
associated with less specialized anglers are associated with
higher odds of releasing live baitfish. Some motivations
known to influence live baitfish release, such as a reluctance
to kill baitfish, are unlikely to explain these trends. For
instance, we do not have any reason to believe that Canadian
residents who were not from Ontario would be more averse to
killing baitfish than Ontarians. Accordingly, the motivation
can likely be attributed to convenience or a misbelief that
releasing baitfish benefits recipient ecosystems. More broadly,
release behavior may also be shaped by misperceptions,
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including assumptions that baitfish are “safe” if purchased
from retailers and confidence among self-harvesting anglers
in their ability to identify species or assess risk (Drake et al.,
2015; Perrings et al., 2002). One possible reason that conven-
ience may be a stronger motivator for Canadian residents not
from Ontario and less specialized anglers is if these anglers go
fishing less often or on fewer consecutive days and thus have
fewer opportunities to reuse live baitfish. It is also possible
that Canadian residents from areas outside of Ontario are
exposed to less information about live baitfish disposal meth-
ods given that live baitfish use is prohibited in most other
provinces and territories (Dunford, 2012). A misbelief that
releasing baitfish is beneficial for recipient ecosystems may
also be a factor, especially among less specialized anglers
who have not been exposed to existing education or outreach
initiatives. Regardless, educating these angler groups on the
ecological risks of releasing live baitfish could deter such
behavior (Prinbeck et al., 2011), at least to levels consistent
with those of other angler groups. In line with this logic, we
focus our recommendations regarding education initiatives
on targeting such groups to reduce their propensity to release
live baitfish. An alternative approach could be to calculate
propagule pressure for each angler group and weight educa-
tion efforts based on those data. This could be an effective
approach, but it is important to note that certain angler
groups may be less receptive to education efforts than others.
For instance, established motivations, preferences, and behav-
iors are less easily changed in more specialized anglers
(Bryan, 1977; Ditton et al., 1992).

Many existing education initiatives discouraging live bait-
fish release occur in bait shops, which is an effective strategy
to ensure that educational content is reaching anglers who
purchase live baitfish (Johnson et al., 2024; Mulligan et al.,
2025). We found that approximately 20% of live baitfish
users harvested their own baitfish and approximately 8% did
so exclusively. In contrast, Drake and Mandrak (2014a)
reported that 51% of live baitfish users in 2007 harvested
their own baitfish and 2% did so exclusively. The reasons for
purchase versus harvest are unknown but presumably are
driven primarily by cost and convenience. Consistent with
the findings of McEachran et al. (2022), we found that
anglers harvesting their own baitfish were much more likely
to release them; however, the degree to which the baitfish
were released into the same water bodies where they were
harvested (which, although still illegal in Ontario, would
greatly mitigate the ecological risk) is unclear. A 2006-2007
nationwide survey in Canada suggested that a notable pro-
portion (38%) of anglers who harvested their own baitfish
used them in waters other than where the baitfish were har-
vested (Ward et al., 2011). This emphasizes the importance
of education initiatives also occurring outside of bait shops.

Our results from standardized survey data spanning 15
years suggest that in Ontario, education initiatives could tar-
get anglers who are Canadian citizens from outside Ontario,
perhaps by pairing this messaging with any angling tourism
outreach or by requiring that people sign a pledge when pur-
chasing a license. Other target traits could be anglers with
conservation licenses and anglers from regions with lower
licensing rates, like Toronto. Further research is required to

understand the sorts of messaging that could be most effec-
tive for target groups. More broadly, our study emphasizes
the importance of considering diverse angler characteristics
(Hunt et al., 2013; Matsumura et al., 2019). For jurisdictions
where data may not be available or where such analyses may
not be feasible, managers could consider generalizing our
findings and targeting education initiatives toward angler
characteristics that are associated with less specialization
(e.g., new anglers, “catching anything,” and the use of gen-
eral equipment) in their jurisdiction while also using more
generalized education approaches, such as brochures in live
bait shops and social media posts. Further research is war-
ranted to confirm whether other traits associated with angler
specialization (e.g., how long they have been fishing, equip-
ment, and skills) are also associated with live baitfish use and
release and whether the aforementioned trends are consistent
across other jurisdictions. Altogether, the observed heteroge-
neity in angler behaviors and characteristics underscores the
need to move beyond large-scale averages and examine how
live baitfish use and release vary among diverse angler
groups.
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