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1  | INTRODUC TION

Learning is essential for survival, as organisms must glean informa‐
tion from their environment to forage successfully, attract mates and 
avoid predators (Brown & Laland, 2003; Lima & Dill, 1990). The abil‐
ity to learn is therefore linked to fitness outcomes whereby individ‐
uals that successfully acquire and incorporate new information into 
behavioural decisions will likely experience greater fitness (Griesser 
& Suzuki, 2017; Manassa & McCormick, 2013; Sih & Del Giudice, 
2012). This need to acquire and process information is also important 
in environments altered by human activities, including the destruc‐
tion of habitat, hunting and fishing, pollution, or the introduction of 
non‐native species (Sih, 2013). These rapidly changing environments 
present situations in which individuals must learn to alter their be‐
haviour to avoid novel threats and take advantage of novel resources 
(Sih, Trimmer, & Ehlman, 2016; Wong & Candolin, 2015). During this 
process of adjusting their behaviour, individuals must also learn to 

identify novel cues that indicate danger, such as visual or olfactory 
cues given off by novel predators, and avoid responding to these 
cues in an inappropriate way (Bouwman & Hawley, 2010; Chitwood, 
Lashley, Moorman, & DePerno, 2017)). Accurately assessing new 
cues in the environment, and discerning between novel threats to be 
avoided and novel resources to be exploited, is therefore crucial to 
survival in environments altered by human activity.

Direct experience with non‐lethal threats can result in learning, 
ultimately leading to effective threat avoidance in the future (Askey, 
Richards, Post, & Parkinson, 2006; Brown et al., 2011; Ferrari, 
Gonzalo, Messier, & Chivers, 2007). Examples of direct learn‐
ing by animals include the avoidance of flower colours associated 
with predatory threat by bumblebees Bombus terrestris (Dawson & 
Chittka, 2014), avoidance of an electric shock by learning to associ‐
ate the shock and a flashing light by guppies Poecilia reticulate Peters 
(Budaev & Zhuikov, 1998), and linking the presence of a model 
predator with predator odour by Arctic charr, Salvelinus alpinus L., 
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catchability, but these mechanisms have not been explored in depth. To address this, 
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(Vilhunen, Hirvonen, & Laakkonen, 2005). In each of these cases, a 
single cue was associated with a particular threat. In nature, however, 
individuals are constantly bombarded with a host of cues that must 
be deciphered to formulate an appropriate behavioural response 
(Bourdeau, Pangle, Reed, & Peacor, 2013; Stamps & Frankenhuis, 
2016). The ability to generalise cues to avoid novel threats that are 
similar to familiar threats can therefore enhance survival probabil‐
ity (Sih et al., 2010), and individuals that fail to avoid a novel threat 
(Blake, Alberici da Barbiano, Guenther, & Gabor, 2015; Kuehne & 
Olden, 2012) often do so when the novel threat is highly dissimilar 
from previously experienced threats (Trimmer, Ehlman, & Sih, 2017).

In addition to learning through direct experience, individuals can 
learn via social interactions with conspecifics (Griffin, 2004). This 
“social learning” can facilitate a far more rapid spread of information 
among individuals than if direct experience was necessary for learn‐
ing (Aplin et al., 2015; Page & Ryan, 2006). Social learning can occur 
by direct observation of conspecifics at the moment they deal with 
a threat cue, or indirectly through interactions with conspecifics 
with previous experience with a threat cue (Arai, Tominaga, Seikai, & 
Masuda, 2007). In addition, this social learning can be accomplished 
through several mechanisms, for instance through social facilitation 
where a demonstrator's presence facilitates enhanced learning, 
local enhancement where a demonstrator directs an observer to a 
place where learning can occur, as well as observational conditioning 
where an observer is able to monitor a demonstrator's response to a 
stimulus to form a connection between the demonstrator's response 
and the stimulus (Rendell et al., 2011). While the various modes of 
social learning are often associated with higher vertebrates, numer‐
ous studies have shown that social learning occurs in a host of animal 
taxa, including fish (Brown & Laland, 2003). For example, Japanese 
flounder, Paralichthys olivaceus (Temminck & Schlegel), successfully 
learned to avoid a predator by watching other flounder being preyed 
upon (Arai et al., 2007). Being in the presence of experienced indi‐
viduals also facilitated improved avoidance behaviour in naïve gup‐
pies escaping a model trawl net (Brown & Laland, 2002), and naïve 
fishes have been shown to learn more quickly to associate predator 
odours with danger when they were placed together with individu‐
als experienced with that predator (i.e. through observational con‐
ditioning, Crane, Mathiron, & Ferrari, 2015; Manassa & McCormick, 
2012). Social learning has also been implicated in the avoidance of 
capture by humans engaged in recreational fishing. For example, 
lined bristletooth, Ctenochaetus striatus (Quoy & Gaimard), that had 
never been targeted by spearfishers were quicker to flee when re‐
siding in locations where other species were targeted, presumably as 
a result of watching individuals from targeted species being speared 
(Tran, Langel, Thomas, & Blumstein, 2016). The use of social learn‐
ing (regardless of the mechanism) could facilitate the rapid spread 
of effective behavioural strategies to avoid the threat of capture via 
recreational angling. More broadly, capture by humans in the con‐
text of hunting or fishing presents a novel threat in which learning 
may ameliorate predation risk and increase the likelihood of survival.

Recreational fishing is a multi‐billion dollar industry world‐
wide and serves as a major economic driver for many communities 

(Arlinghaus et al., 2016; Hunt, Arlinghaus, Lester, & Kushneriuk, 
2011). Studies suggest that extensive recreational fishing har‐
vest can result in the decline or collapse of populations of many 
targeted species (Post, 2013; Post et al., 2002). For fish popula‐
tions, one way of avoiding extensive harvest is to learn to avoid 
fishing lures. For example, catch rates of northern pike, Esox lu‐
cius L., have been shown to drop in response to previous angling 
pressure, presumably due to learning (Arlinghaus, Alós, Pieterek, 
& Klefoth, 2017; Kuparinen, Klefoth, & Arlinghaus, 2010). Lure 
avoidance learning in this species has been found to be especially 
rapid for artificial lures such as spinnerbaits as opposed to live 
bait (Beukema, 1970). Indeed, declines in catch rates as fish learn 
to avoid baits and lures have been shown in several species, in‐
cluding common carp, Cyprinus carpio L. (Beukema, 1969; Klefoth, 
Pieterek, & Arlinghaus, 2013), rainbow trout, Oncorhynchus mykiss 
(Walbuam) (Askey et al., 2006; van Poorten & Post, 2005), large‐
mouth bass, Micropterus salmoides (Lacépède) (Philipp et al., 2009; 
Wegener, Schramm, Neal, & Gerard, 2018), brown trout Salmo 
trutta L. (Young & Hayes, 2004) and painted comber, Serranus 
scriba (L.) (Alos, Palmer, Trias, Diaz‐Gil, & Arlinghaus, 2015). 
Furthermore, the application of constant angling pressure may re‐
duce the catchability of fish by selecting for individuals that can 
better avoid capture, leading to evolution (Hessenauer, Vokoun, 
Davis, Jacobs, & O’Donnell, 2016). It should be noted also that 
lure avoidance learning does not seem to be permanent, as the 
catchability of fish has been shown to increase after temporary 
drops in angling pressure (Camp, van Poorten, & Walters, 2015). 
Clearly, fish are able to learn to avoid angling capture effectively 
with cumulative angling pressure, but the exact mechanisms of 
that learning are still not defined.

Potential learning mechanisms driving lure avoidance include 
social learning, as well as the transfer of knowledge from one lure 
that the fish has experienced to a novel lure type. Prior angling ex‐
periments have found various results with regard to the possibility 
of social learning. While Beukema (1969) found that catch rates of 
common carp declined even when fish were only hooked and not 
captured, indicating social learning, Wegener et al. (2018) found no 
drop in the catch rates of uncaptured largemouth bass as angling 
progressed, indicating that social learning may not have occurred 
in this species. With regard to generalising prior lure experience to 
new lures, Lennox et al. (2016) found that Atlantic salmon, Salmo 
salar L., were more likely to be recaptured on a novel lure than the 
lure on which they were originally captured, indicating that fish may 
successfully learn to avoid one lure without gaining less vulnerabil‐
ity to another. However, this study did not examine whether lure 
avoidance learning might be generalised depending on the degree of 
similarity between lures the fish has experienced and lures it has not, 
as it examined the response to different gear types (flies vs artificial 
lures vs live baits). An enhanced understanding of the behavioural 
mechanisms driving lure avoidance will inform predictions regarding 
the alteration of fish behaviour with increased exposure to recre‐
ational angling. In addition, research into this topic could be gen‐
eralised to additional situations in which animals are impacted by 
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human activity, to define better the learning mechanisms necessary 
to survive in such environments.

The goal of this study was to test the hypothesis that fish that 
are naïve to angling experience social learning from conspecifics 
that have experienced angling, resulting in a difference in catch 
rates. Specifically, the interest was on observational conditioning, 
one of several types of social learning mechanisms that have been 
demonstrated in animals (Rendell et al., 2011). This specific form of 
social learning involves the use of public information (i.e. information 
that is freely available to all members of a group and is not directed 
by a demonstrator to a specific observer) and would presume that 
fish using this information are attentive to how others in the group 
are reacting to stimuli, including the appearance of a fishing lure 
(Danchin, 2004; Rendell et al., 2011). In addition, the study aimed to 
determine if fish are able to avoid novel lures based on the degree 
of similarity between a novel lure and previously experienced lures. 
While previous work has posited that social learning of lures does 
not occur in largemouth bass (Wegener et al., 2018), this study did 
not explicitly control the angling experience of all individuals, and 
because it used numerous lures, it is difficult to determine the de‐
gree to which social learning‐based avoidance may or may not take 
place on a given lure type. To test these learning mechanisms more 
explicitly, an angling‐naïve population of hatchery‐raised large‐
mouth bass Micropterus salmoides was used. In addition to being easy 
to hold in captivity, largemouth bass were used in this study because 
this species is among the most popular recreational angling targets 
in all of North America (Gaeta, Beardmore, Latzka, Provencher, & 
Carpenter, 2013) and has been extensively studied in the context of 
vulnerability to capture via recreational angling (Hessenauer et al., 
2015; Louison, Adhikari, Stein, & Suski, 2017; Philipp et al., 2009). 
Upon completion, the results from this study will develop under‐
standing of the role learning plays in angling vulnerability and which 
mechanisms are used by largemouth bass to avoid capture.

2  | METHODS

2.1 | Experimental fish and pond holding

On 10 May 2017, 312 largemouth bass (mean total length ± stand‐
ard error of the mean (SEM) = 177.7 ± 0.6 mm) were acquired from 
Keystone Fish Hatchery in Richmond, IL, USA and transported to 
the Illinois Natural History Survey's Aquatic Research Facility in 
Champaign, IL, USA, where experiments were conducted. Upon 
arrival, 160 fish were haphazardly selected as “demonstrator” 
fish, implanted with a passive integrated transponder (PIT) tag for 
identification and stocked into a series of four small (0.04 ha), rec‐
tangular, earthen bottom ponds at a density of 40 fish per pond 
(Figure 1). The remaining 152 fish were stocked into a single large 
(0.12 ha) holding pond for future use as “observer” fish. Each small 
angling pond, as well as the larger holding pond, was stocked with 
fathead minnow, Pimephales promelas (Rafinesque), to serve as 
forage. Across all angling sessions, temperature in the ponds var‐
ied with ambient conditions between 22.8 and 30.1ºC (Mean 

temperature ± SEM = 26.6 ± 0.27ºC). Mean dissolved oxygen ± SEM 
in the ponds over all sessions was 11.56 ± 0.6 mg/L. All aspects 
of this study (including fish holding and subsequent angling) were 
conducted in accordance with the University of Illinois Institutional 
Care and Use Committee, Protocol #17065, in compliance with 
the U.S. National Research Council's Guide for the Care and Use 
of Laboratory Animals, the U.S. Public Health Service's Policy on 
Humane Care and Use of Laboratory Animals and the Guide for the 
Care and Use of Laboratory Animals.

2.2 | Study overview

This study was divided into three phases: an exposure phase, a so‐
cial learning phase and a lure switch phase (summarised in Figure 1). 
The purpose of the exposure phase was to establish two ponds with 
trained demonstrators and two ponds with naïve demonstrators. No 
difference in fish size was present among angling ponds (ANOVA, 
F = 2.38, p = 0.06). During the exposure phase, angling was con‐
ducted for 12 days in the two ponds designated to hold trained dem‐
onstrators to provide those fish experience with angling. Following 
the conclusion of the exposure phase, observers were recovered 
from the holding pond and evenly stocked into the four angling 
ponds for a final density of 78 fish/pond (40 demonstrators and 38 
observers). The purpose of the social learning phase was to assess 

F I G U R E  1   Flow chart detailing the overall experimental design 
for the four angling ponds containing largemouth bass
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whether naïve observers learned to avoid lures via social learning 
from trained demonstrators by comparing observer catch rates with 
trained and untrained demonstrators. The social learning phase 
began two days later, whereby ponds were angled for four days, and 
the number of captures of observers held in ponds containing both 
trained and naïve demonstrators was recorded. This acclimation pe‐
riod between observer stocking and subsequent retesting is similar 
to laboratory studies examining how observers behave in the pres‐
ence of demonstrators familiar with a certain threat or cue (Brown 
& Laland, 2002; Chivers & Ferrari, 2014; Lindeyer & Reader, 2010). 
The purpose of the lure switch phase was to determine if fish could 
generalise learned lure avoidance to a novel lure, and if that learning 
depended on the degree of similarity between the novel lure and a 
prior lure. Two days after the conclusion of the social learning phase, 
the lure switch phase began whereby all four ponds were angled for 
four days with a lure similar to the lure used in the exposure and so‐
cial learning phases, and then for four additional days with a lure that 
was different from either of the lures used previously.

2.3 | Exposure phase

Angling during the exposure phase was conducted in two ponds over 
12 days between 15 May and 29 May to generate trained demon‐
strator fish that had experience with angling. Concurrent with this 
were two identical ponds stocked at identical densities, but that 
did not receive angling to generate naïve demonstrators (Figure 1). 
Each angling day consisted of a 45‐min angling session conducted 
by a single experienced angler (lead author MJL) between 8:30 and 
18:30. During each angling session, the angler was free to move 
around the perimeter of the pond while making an effort to cast 
to all areas of the pond. Angling gear consisted of a medium action 
spinning rod spooled with 1.8‐kg Trilene® clear monofilament fish‐
ing line. Terminal tackle consisted of a size 6 GamakatsuTM octopus 
circle hook baited with a 7.6‐cm watermelon‐green coloured plastic 
worm (YamasenkoTM, Gary Yamamoto Custom Baits) rigged “wacky” 
style (Figure 2). Once a strike was detected by the angler, the hook 
was immediately set and the demonstrator fish was quickly retrieved 
from the pond and its PIT tag number determined with a portable 
reader (Biomark®, Boise, ID, USA), after which the fish was released 
back into the same pond within one minute of landing. Upon the 
completion of the exposure phase on 29 May, the fish held in the 
two angled ponds were established as trained demonstrators, while 
the fish in the two ponds that did not receive angling were estab‐
lished as naïve demonstrators.

2.4 | Social learning phase

Angling during the social learning phase was conducted in all four 
ponds (two containing trained demonstrators plus observers, two 
containing naïve demonstrators plus observers) over four angling 
days between 1 June and 4 June, two days after the conclusion of the 
exposure phase (Figure 1). This phase consisted of four daily angling 
sessions (hereafter, sessions 1–4), each lasting 45 min. All four ponds 

were angled daily such that one pond containing observers/naïve 
demonstrators and one pond containing observers/trained demon‐
strators were angled between 07:45 and 11:15, while the remaining 
two ponds were angled between 13:00 and 17:15. The timing (morn‐
ing/afternoon) and sequence the ponds were angled each day was 
initially determined randomly and alternated daily thereafter so that 
each pond was angled twice in the morning and twice in the evening 
during the 4 days of social learning phase. Angling sessions were con‐
ducted in a manner identical to the exposure phase, except that, for 
this portion of the study, two anglers were responsible for carrying 
out all angling, with one angler fishing the morning sessions and the 
other fishing the afternoon sessions, as determined by random selec‐
tion. It was necessary to use two anglers for this portion of the study 
to ensure that all angling sessions could be completed within the 
timeframe set for the study. Differences between anglers in angling 
effort and capture rates were quantified by recording the number of 
casts attempted during each session, as well as the number of times 
the angler felt a strike but was unable to successfully land the fish.

2.5 | Lure switch phase

Angling during the lure switch phase was conducted in all four 
ponds over eight angling days between 6 June and 13 June, begin‐
ning two days after the completion of the social learning phase 
(Figure 1). Angling sessions were scheduled in a manner identical 
to the social learning phase whereby two ponds were fished in the 
morning and two ponds fished in the afternoon on each angling 
day. During the first four lure switch angling sessions (sessions 
5–8, from 6 June–9 June), a cream‐white plastic worm replaced 
the watermelon‐coloured plastic worm used in the previous two 
phases of the study (Figure 2). This lure was exactly the same in 
model, size and how it was rigged as the first lure, the only dif‐
ference being its colour. During the final four angling sessions 
(sessions 9–12, from 10 June–13 June), a size 0 Mepps ® Agila 
model in‐line spinnerbait was used (Figure 2). This lure was dif‐
ferent in colour, shape and retrieval speed than the previous lures 
(Figure 1), which allowed for an assessment of whether fish could 

F I G U R E  2   Photograph of lures used during angling. From L 
to R: Watermelon‐coloured plastic worm, used in all training and 
social learning phase sessions; cream‐white plastic worm, used in 
sessions 5–8 of the lure switch phase; and Agila spinnerbait, used in 
sessions 9–12 of the lure switch phase [Colour figure can be viewed 
at wileyonlinelibrary.com]

5 cm
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successfully avoid a novel lure type as a result of prior experience 
with dissimilar lures.

2.6 | Statistical analysis

To determine if catchability changed for trained demonstrators dur‐
ing the exposure phase, a Poisson regression was run that included 
session number as a continuous independent variable and the num‐
ber of captures as the dependent variable. The number of captures 
during the social learning and lure switch phases was compared be‐
tween anglers using an unpaired, two‐tailed Student's t test. Angler 
efficiency (i.e. the ratio of successful captures to the number of 
strikes felt) was compared between anglers using Fisher's Exact Test.

To determine if pond type (containing trained or naïve demon‐
strators) impacted catch of observer and demonstrator fish during 
the social learning phase, two analyses of covariance (ANCOVA) 
tests were run. The first included the number of observer captures 
in a given session as the dependent variable, pond type as the fixed 
factor and session number (1–4) as the covariate. The second test 
was identical, only with the catch of demonstrator captures as the 
dependent variable. For each model, the interaction between ses‐
sion number and pond type was tested as well. To determine if ob‐
server fish differed from demonstrator fish (regardless of pond type) 
across angling sessions, a third ANCOVA was run with the number 
of captures as the dependent variable, fish type (demonstrator of 
observer) as the fixed factor, session number as a covariate and their 
interaction as predictor variables. Once again, the interaction be‐
tween fish type and session number was included in the model.

To determine whether fish are able to generalise their experi‐
ence with fishing lures to similar and novel lure types, differences in 
the number of captures throughout all twelve angling sessions (so‐
cial learning phase and lure switch phase combined) were evaluated 
using linear regression. For this model, the total number of fish cap‐
tured across all angling phases combined was set as the dependent 
variable, and angling session (1–12 for all angling sessions combined) 
was included as the independent variable. A Chow test was then 
used to determine if the number of captures significantly changed 
between the social learning phase and the lure switch phases of the 
experiment (i.e. between sessions 4–5 and between sessions 8–9). 
The Chow test examines whether the fit of a regression line through 
all points can be improved by breaking the regression into multiple 
sections at pre‐determined points, each with its own regression 
line and parameters (Chow, 1960). The significance of breaks in the 
overall regression as tested at a priori points between sessions 4 and 
5 (when the switch to the white plastic worm occurred) and again 
between sessions 8 and 9 (switch to spinnerbait), which allowed for 
a determination of whether switching lures significantly impacted 
vulnerability to capture. While this model is based on linear regres‐
sion, which may alter overall model fit relative to Poisson regres‐
sion, the use of a linear model facilitated an examination of whether 
catch rates changed at particular points using the methodology de‐
scribed. In addition, the risk of overfitting is low in this approach as 
angling session is the only predictor variable for catch rate, and the 

functional breaks were assessed at a priori points (rather than exam‐
ining every possible session for a functional break, which would in‐
crease the chance of Type I error). The number of captures for all fish 
types was pooled for this analysis because observers, naïve dem‐
onstrators and trained demonstrators did not differ in their num‐
ber of captures during the lure switch phase (ANOVA; F1,29 = 0.038; 
p = 0.85). This indicates that, regardless of whether fish were angled 
during the social learning phase (naïve demonstrators, observers) or 
during both the social learning and exposure phases (trained demon‐
strators), catchability between the fish types had been homogenised 
prior to the first lure switch.

All analyses were conducted in R version 3.2.1 (R Core Team, 
Vienna, Austria). Alpha values for significance were set at p = 0.05.

3  | RESULTS

Fifty‐nine capture events occurred during the exposure phase of 
angling, with 30 of the available 80 fish captured at least once. The 
highest number of captures within a day during the exposure phase 
was recorded in the first session (12), before significantly declin‐
ing in subsequent sessions, as was expected (Poisson regression, 
z = −2.08, p = 0.03).

A total of 495 capture events were recorded across the four 
angling ponds during the social learning and lure switch phases of 
angling, from a total of 2,780 angler casts. The number of captures 
per fish ranged from 0 captures (90 individuals) to 7 captures (1 in‐
dividual) (Figure 3). Among demonstrators and observers combined, 
a fish was captured 1.57 times on average, with demonstrators av‐
eraging 1.33 ± 0.11 captures and observers averaging 1.82 ± 0.12 
captures. Of the 137 fish that were captured multiple times, 78 were 
caught on the same lure at least twice, while the remaining 59 were 
caught with a different lure for each recapture. On average, anglers 
successfully landed fish on 61% of strikes felt, and the proportion 
of strikes successfully converted into captures did not significantly 
differ between anglers (Fisher's Exact Test, p = 0.87). In addition, 
anglers did not differ in the mean number of casts attempted over all 

F I G U R E  3   The number of largemouth bass that were captured 
a given number of times during the social learning and lure switch 
phases of angling
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angling sessions (Student's t test, t = −0.21, p = 0.83). As such, data 
from both anglers were pooled for analysis.

Across all ponds and angling sessions, observer fish were caught 
significantly more times than demonstrator fish (Table 1). The num‐
ber of captures for all fish declined with session (Table 1, Figure 3), 
and the interaction between session and fish type was also significant 
(Table 1). This interaction was driven by the number of observer cap‐
tures being very high in session 1 before declining, while the number 
of demonstrator captures remained relatively constant across the first 
four sessions (Figure 4). Overall, the total number of captures from the 
pond types was similar (129 captures in ponds containing naïve dem‐
onstrators, 132 captures in ponds containing trained demonstrators).

There was no difference in observer captures between ponds 
containing trained demonstrators and those containing naïve dem‐
onstrators, indicating that observers did not socially learn from 
trained demonstrators to avoid capture (Table 2). The number of ob‐
server captures significantly declined with angling session (Table 2, 
Figure 4). For demonstrator fish, there was no difference between 
pond types (i.e. trained and naïve demonstrator fish were equally 
catchable), and, as stated above, the catch of demonstrator fish did 
not change with angling session (Table 2, Figure 4).

Across angling sessions 1–12, the number of captures per session 
for all fish combined declined significantly as sessions progressed (lin‐
ear regression, F = 30.89, p ˂ 0.001) (Figure 5). Switching from the 
green plastic worm to the white plastic worm following session 4 had 
no effect on number of captures, as capture totals declined consis‐
tently across both lure types (Chow Test, df = 14,14, F = 0.003, p = 1.0). 
However, changing from the white plastic worm to the spinner bait did 
have a significant effect on captures (Chow Test; df = 14,30; F = 10.66; 
p < 0.001). Specifically, the number of captures in the first session in 
which the spinner bait was presented (session 9) increased to levels 
similar to those observed in the first sessions of the social learning 
phase (Figure 5). In addition, the slope of the regression line between 
sessions 9–12 was more than twice as steep relative to the slope be‐
tween sessions 1 and 8 (−5.25 to −2.26), demonstrating that catch 
rates declined quickly following this initial increase during session 9.

4  | DISCUSSION

While benefits from social learning on non‐human predator avoid‐
ance have been previously demonstrated (Brown & Laland, 2003), 

no evidence that naïve largemouth bass were able to learn to avoid 
angling capture through social interactions with experienced con‐
specifics was found. Specifically, there was no difference in the 
catch rates of observers regardless of whether they were in a pond 
with trained demonstrators (i.e. conspecifics that had experience 
with angling) or naïve demonstrators (i.e. conspecifics that had never 
seen a fishing lure). This particular finding relates to indirect learning 
through the observation of how experienced conspecifics respond 
to a lure (observational conditioning), and while it does not address 
the potential for conspecifics to learn to avoid lures through direct 
observation of conspecifics being captured by a lure, previous work 
has indicated that this mode of learning may not be a major factor 
either (Wegener et al., 2018). It was predicted that the presence 
of conspecifics that had experienced angling would facilitate lure 
avoidance in angling‐naïve largemouth bass through indirect social 
learning, given how previous studies have found that the presence 

TA B L E  1   Results of an analysis of covariance (ANCOVA) 
examining the effect of session, fish type (demonstrator or 
observer) and their interaction on the total number of captures of 
largemouth bass in a given angling session

Factor df F p

Session 1 4.64 0.03

Fish Type 1 21.21 <0.001

Session*Fish Type 1 5.71 0.02

Note: Significant results are given in bold.

F I G U R E  4   Number of fish of each type (naïve demonstrators, 
observers stocked with naïve demonstrators, observers stocked 
with trained demonstrators and trained demonstrators) caught 
during the four social learning angling sessions. Individual bars 
depict totals across both ponds where each type was present
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TA B L E  2   Results of two ANCOVA models testing the effects of 
session, pond type (containing naïve or trained demonstrators) and 
their interaction on the number of largemouth bass captured during 
social learning angling sessions

Factor df F p

For Observer Fish Only:

Session 1 6.45 0.02

Pond Type 1 0.68 0.42

Session*Pond Type 1 0.90 0.35

For Demonstrator Fish Only:

Session 1 0.06 0.80

Pond Type 1 1.47 0.24

Session*Pond Type 1 0.12 0.73

Note: In the first model, the number of observer fish was set as the 
dependent variable, and in the second, the number of demonstrator fish 
was set as the dependent variable. Significant effects are given in bold.
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of experienced demonstrators can impact the behaviour of naïve 
individuals. For example, both zebrafish, Danio rerio (Hamilton), 
and guppies placed into aquaria with conspecifics that were expe‐
rienced with a simulated trawl net were able to socially learn from 
experienced individuals to escape capture (Brown & Laland, 2002; 
Lindeyer & Reader, 2010). Social learning from experienced con‐
specifics has also facilitated the identification of predator cues in 
several taxa, including amphibians (Chivers & Ferrari, 2014), birds 
(Griesser & Suzuki, 2017) and fish (Manassa & McCormick, 2012; 
Vilhunen et al., 2005). Despite these previous results, no evidence 
was found that largemouth bass socially learned via observational 
conditioning to avoid fishing lures.

When examining this finding, it is necessary to examine the nec‐
essary ingredients for socially learned avoidance to occur. Griffin 
(2004) described the necessity of a “fear response” on the part of 
experienced individuals that naïve individuals could detect, and in‐
deed specific anti‐predator behaviours (freezing, erratic swimming, 
the release of alarm cues) on the part of experienced individuals 
have been found to be key to learning as naïve individuals follow ex‐
perienced individuals’ lead (Crane & Ferrari, 2016; Crane et al., 2015; 
Manassa & McCormick, 2012, 2013). This process may not apply to 
the threat of angling, however, as experienced fish may avoid lures 
by simply ignoring them, without a pronounced fear response that is 
detectable by naïve observers. If this is the case, angling‐naïve indi‐
viduals would not be presented with the behavioural cues necessary 
to identify the lure as a threat. Even if experienced bass were giv‐
ing off behavioural and/or chemical cues to inexperienced fish, it is 
possible that the cues were not sufficiently strong to overcome the 
mal‐adaptiveness of avoiding food for inexperienced fish (Beukema, 
1970; Garrett, 2002). In addition, it is possible that a lack of social 
learning could be the result of poor learning performance overall 

within this species, as previous work has shown them to be less ef‐
fective learners compared with other species of fish (Coble, Farabee, 
& Anderson, 1985). Even if the capacity for social learning is present 
in largemouth bass, it is also possible that the specific mechanism of 
social learning at play here (operational conditioning) is something 
that this species is not able to utilise. This would not, however, pre‐
clude largemouth bass from learning socially through other mecha‐
nisms, such as by direct observation another individual interacting 
with a stimulus (Rendell et al., 2011). Finally, it is possible that the 
lack of lure avoidance on the part of observers was a result of the ex‐
perimental design, as only 30 of the available trained demonstrator 
fish were captured (basically, that there weren't enough lure‐expe‐
rienced demonstrators in each pond). This problem was not an easy 
one to resolve during the experiment. As mentioned in the results, 
catch rates of the trained demonstrators during the exposure phase 
dropped precipitously by the end of the phase, rendering it difficult 
to establish a population completely composed of fish that had been 
previously caught. Furthermore, this reason for a lack of difference 
seems somewhat unlikely given the results themselves, specifically 
despite there being no significant difference between pond types 
for observer captures, and the tendency was for the catch of ob‐
servers to increase in ponds containing trained demonstrators. This 
suggests a further increase in the number of captured demonstra‐
tors likely would not have driven observer captures to levels below 
those stocked alongside naïve demonstrators. Regardless of the 
reason for the results, it was concluded that naïve largemouth bass 
within a population targeted by anglers are not likely to reduce their 
own catchability by observing how lure‐experienced conspecifics 
interact with lures. This means that, for heavily angled populations, 
largemouth bass are unlikely to spread knowledge on how to avoid 
anglers across geographic space very quickly, thus maintaining 
catchability and angler satisfaction.

Despite, as expected, angling exposure rendering demonstrator 
fish less vulnerable than observer fish, there were still surprising re‐
sults with regard to the catch rates of demonstrator fish. Specifically, 
there was no difference in the number of captures between trained 
and naïve demonstrators. This result, combined with the lack of dif‐
ference in observer captures between pond types, caused the total 
number of captures between pond types to be almost identical (132 
total captures in ponds with trained demonstrators, 129 in ponds 
containing naïve demonstrators). It seems in this case, while expe‐
rience during the exposure phase did reduce catchability in trained 
demonstrators (as indicated by observer fish being significantly 
more catchable than demonstrator fish), lure avoidance learning may 
have been countered by the effects of increased density following 
the additional stocking of the naïve observers, resulting in increased 
vulnerability for trained demonstrators. The suppression of learned 
behaviour as a result of increased density has indeed been shown 
in several animal taxa. For example, domestic rats, Rattus norvegius, 
performed poorly on avoidance tasks after being held in crowded 
conditions (Goeckner, Greenough, & Mead, 1973). Fish living in high 
densities experience higher levels of intraspecific competition (Kent, 
Holzman, & Genin, 2006; Ward, Webster, & Hart, 2006) that may 

F I G U R E  5   Total number of largemouth bass caught in all ponds 
across all angling sessions, including the social learning phase (1–4) 
and the lure switch phase (5–12). Sessions 5–8 were fished with a 
cream‐white plastic worm, while sessions 9–12 were fished with a 
Mepps Agila spinnerbait. The solid line (—) is derived from a linear 
regression that included all twelve sessions, and the dashed line 
(‐ ‐) represents separate regression lines through sessions 1–8 and 
9–12, which improves overall fit as determined by a Chow test
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force individual fish to make quicker decisions to outcompete con‐
specifics for food (Stoner & Ottmar, 2004), a process that could lead 
to a greater likelihood of angling capture. With regard to angling, mul‐
tiple studies have shown that increased density leads to increased 
vulnerability, for instance in brown trout Salmo trutta L. (Harkonen, 
Hyvarinen, Paappanen, & Vainikka, 2014) and pikeperch Sander lu‐
cioperca (L.) (Raat, 1991). Furthermore, it has been shown that angled 
northern pike released into groups were quicker to resume normal 
foraging activities than those released with no conspecifics present, 
a finding that presumably would leave these pike more vulnerable 
to subsequent recapture stemming from their social surroundings 
(Stålhammar, Linderfalk, Brönmark, Arlinghaus, & Nilsson, 2012). If 
adding naïve observers created densities high enough to foster in‐
tense intraspecific competition, then the effect of learned lure avoid‐
ance during the exposure phase on angling vulnerability may have 
been muted in trained demonstrator fish, resulting in similar numbers 
of captures with naïve demonstrators. Despite the effect of density‐
induced intraspecific competition, recognition and avoidance of lures 
previously encountered still resulted in fewer captures for trained 
demonstrators compared with the naïve observers they were stocked 
alongside. This indicates that prior learning as well as the effects of 
density simultaneously impact the catchability of angled fish.

Results from this study indicate that largemouth bass can utilise 
prior experience with a fishing lure to avoid a similar lure, but if the 
lure is highly different, largemouth bass are unable to apply their ex‐
perience as effectively. This was demonstrated by the catch rates 
continuing to decline after anglers switched from a green plastic 
worm to the white plastic worm (i.e. same lure type but different co‐
lour), but increased significantly on the first day following a switch to 
the spinnerbait. Furthermore, there was a difference in the pattern 
of catchability with the lure types; while the decrease in catch rate 
with the plastic worms was approximately linear, the catch rate with 
the spinnerbait plummeted more quickly after spiking in session 9. 
This could be due to the accumulated effects of angling, with fish 
becoming quicker to learn after previous experience with other lures, 
or it could be related to the lures themselves, as previous work found 
fish learn to avoid larger, more active lures more quickly (Cole, 2014). 
With regard to the pattern of catch after the lure switches, since all 
lure switches were conducted in the same sequence in all ponds, it 
is possible that time itself may have played a role in driving catch 
rates independent of previous angling experience, but this does not 
explain the jump in catch rate in session 9 following a continuous 
decline for the previous 8 sessions. Previous studies have shown 
that the similarity of a novel stimulus to noxious/dangerous things 
experienced previously can be a major factor in the decision mak‐
ing of animals. For example, jumping spiders Phidippus princeps were 
found to incorporate visual cues from the potential prey item as well 
as the environmental surroundings to avoid distasteful prey (Skow & 
Jakob, 2006). This effect works in the converse as well where new 
items that are similar to palatable prey are preferred, for instance in 
predatory blue jays Cyanocitta cristata, individuals were more likely 
to peck at digital images of bugs on a computer screen that were 
similar to those hunted previously (Bond & Kamil, 2002). If a new 

item is not familiar, predators may avoid it, as was seen in both blue 
jays and in predatory killifish, Rivulus hartii (Boulenger), which were 
unable to recognise guppies initially as prey if the guppies featured 
an unfamiliar tail coloration (Fraser, Hughes, Tosh, & Rodd, 2013). In 
the context of angling, Atlantic salmon captured on one gear type are 
more likely to be subsequently recaptured on a different type, rather 
than the original gear (Lennox et al., 2016). This particular result indi‐
cates an avoidance of the lure type that caused a fish to experience 
capture, a finding also found in the present study. What remains un‐
answered from this study is which specific cues fish used to avoid 
the spinnerbait compared with the plastic worms. While catch rates 
did not change between worm colours, it remains possible that the 
red and gold coloration of the spinnerbait may have in, and of, itself 
elicited more strikes, as has been shown for mackerel, Scomber ja‐
ponicas Houttuyn (Hsieh, Huang, Wu, & Chen, 2001); however, for 
largemouth bass the role of colour in the attractiveness of a lure 
has been found to be muted (Moraga, Wilson, & Cooke, 2015). In 
addition to colour, the spinnerbait and plastic worms differed in 
several other aspects (texture, vibration given off during retrieve, 
speed of retrieval), which all could have influenced the vulnerability 
of fish (Lennox et al., 2017). Furthermore, the different lure types 
may have not only influenced catch rate for the population, but may 
have selectively increased the vulnerability of particular individuals 
as well (Harkonen, Hyvarinen, Niemela, & Vainikka, 2016; Wilson, 
Brownscombe, Sullivan, Jain‐Schlaepfer, & Cooke, 2015). Regardless 
of what cues are being used, successful avoidance of a potentially 
noxious or dangerous food source relies in part on previous experi‐
ence with an item, and its similarity to a new potential food source, a 
pattern which extends to angling lure avoidance as largemouth bass 
populations experienced with a lure show reduced catchability when 
fished with a similar lure, but not one that is different.

While collectively these results can be examined in the context 
of how animals learn to avoid potential threats, a more specific 
application can be made in the context of fisheries management. 
Angler satisfaction within a freshwater fishery is multi‐dimensional 
and can be influenced by a number of factors, including the abun‐
dance of large fish, their inherent catchability and other social fac‐
tors (Arlinghaus, 2006; Arlinghaus, Bork, & Fladung, 2008). The 
presence of these aspects in a fishery drives economic benefits as 
more anglers focus their attention on fisheries that they perceive 
to be valuable or desirable (Beardmore, Hunt, Haider, Dorow, & 
Arlinghaus, 2015; Hunt et al., 2011). Lure avoidance learning in 
fish gradually renders fish less catchable over time (Askey et al., 
2006; Kuparinen et al., 2010) and is most pronounced in popula‐
tions that receive high levels of angler effort, leading to a decline 
in fishery quality even as both the average size of fish and their 
population levels are maintained (Pierce & Tomcko, 2003; Young 
& Hayes, 2004). In this study, lure avoidance being learned socially 
by observing experienced conspecifics was not demonstrated but 
individuals with prior experience with a lure of similar forms were 
found to be less likely to be caught. Catchability in this case was 
impacted by the similarity of a novel lure to previously experienced 
lures (Bond & Kamil, 2002; Fraser et al., 2013), as largemouth bass 
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were able to largely avoid capture on a white plastic worm after 
being previously angled with a green plastic worm, but initially 
failed to avoid a novel spinnerbait. While Lennox et al. (2016) found 
that switching from one lure to an unfamiliar lure (artificial flies to 
either sub‐surface lures or live worms) can increase the probability 
of capturing a fish, this study demonstrates that the effectiveness 
of lure switching depends on the relative similarity of the new lure 
to previously experienced lures. For anglers, this means that the use 
of novel lures may lead to increased catch rates; however, it should 
be noted that finding adequately novel lures to use may be difficult 
in heavily fished systems where fish have experienced a host of dif‐
ferent lures and presentations (Alós et al., 2015; Kuparinen et al., 
2010). In aquatic systems that are not saturated with anglers, this 
approach may prove more effective. In addition, managers looking 
to preserve catch rates may recommend that certain lures not be 
used at particular times of year, in a manner similar to conservation‐
based approaches to protect heavily exploited species (Herrón, 
Castellanos‐Galindo, Stäbler, Díaz & Wolff, 2019; Pérez‐Jiménez 
& Mendez‐Loeza, 2015). This type of management may not only 
preserve catch rates, but may also prevent evolutionary change in 
fished populations, as it has been demonstrated that different types 
of lures may selectively and differentially capture fish with partic‐
ular physiological and u characteristics (Wilson et al., 2015). With 
regard to how managers inform the public about the health of fish 
populations, changes in catchability due to avoidance learning may 
be further augmented by behavioural and trophic responses of fish 
populations to angling pressure (Matthias, Allen, Ahrens, Beard Jr. 
& Kerns, 2014; Pine, Martell, Walters & Kitchell, 2009). The end 
result in many cases is that catch rate is not necessarily indicative 
of the size of a fish population and can either overestimate (Post 
et al., 2002) or underestimate (Kuparinen, Alho, Olin, & Lehtonen 
2012) fish populations. In the latter case, differences among indi‐
vidual fish in intrinsic vulnerability to angling (Philipp et al., 2009) as 
well as prior learning (Kuparinen et al., 2010; Young & Hayes, 2004) 
may cause angler catch rates to be low while populations remain 
resilient overall. Managers looking to enhance angler satisfaction 
should therefore advise anglers that lower catchability is not nec‐
essarily an indicator of a declining fish population and acknowledge 
that lure avoidance learning may actually serve as a buffer protect‐
ing fish populations from over harvest.

ACKNOWLEDG MENTS

The authors thank George Balto for his help with angling, as well 
as Justin Rondón and Emi Tucker who assisted with data collection 
during angling trials. This research was supported by Federal Aid in 
Sport Fish Restoration Project via the United States Fish and Wildlife 
Service, project F‐69‐R to J.A.S.

CONFLIC T OF INTERE S T

The authors acknowledge no conflicts of interest in the production 
of this manuscript.

R E FE R E N C E S

Alos, J., Palmer, M., Trias, P., Diaz‐Gil, C., & Arlinghaus, R. (2015). 
Recreational angling intensity correlates with alteration of vulnera‐
bility to fishing in a carnivorous coastal fish species. Canadian Journal 
of Fisheries and Aquatic Sciences, 72(2), 217–225.

Alós, J., Puiggrós, A., Díaz‐Gil, C., Palmer, M., Rosselló, R., & Arlinghaus, R. 
(2015). Empirical evidence for species‐specific export of fish naïveté 
from a no‐take marine protected area in a coastal recreational hook 
and line fishery. PLoS ONE, 10(8), e0135348.

Aplin, L. M., Farine, D. R., Morand‐Ferron, J., Cockburn, A., Thornton, 
A., & Sheldon, B. C. (2015). Experimentally induced innovations lead 
to persistent culture via conformity in wild birds. Nature, 518(7540), 
538–541.

Arai, T., Tominaga, O., Seikai, T., & Masuda, R. (2007). Observational 
learning improves predator avoidance in hatchery‐reared Japanese 
flounder Paralichthys olivaceus juveniles. Journal of Sea Research, 
58(1), 59–64.

Arlinghaus, R. (2006). On the apparently striking disconnect between 
motivation and satisfaction in recreational fishing: The case of catch 
orientation of German anglers. North American Journal of Fisheries 
Management, 26(3), 592–605.

Arlinghaus, R., Alós, J., Pieterek, T., & Klefoth, T. (2017). Determinants 
of angling catch of northern pike (Esox lucius) as revealed by a con‐
trolled whole‐lake catch‐and‐release angling experiment—The role of 
abiotic and biotic factors, spatial encounters and lure type. Fisheries 
Research, 186, 648–657.

Arlinghaus, R., Bork, M., & Fladung, E. (2008). Understanding the het‐
erogeneity of recreational anglers across an urban–rural gradient in 
a metropolitan area (Berlin, Germany), with implications for fisheries 
management. Fisheries Research, 92(1), 53–62.

Arlinghaus, R., Laskowski, K. L., Alós, J., Klefoth, T., Monk, C. T., 
Nakayama, S., & Schröder, A. (2016). Passive gear‐induced timidity 
syndrome in wild fish populations and its potential ecological and 
managerial implications. Fish and Fisheries, 18(2), 360–373.

Askey, P. J., Richards, S. A., Post, J. R., & Parkinson, E. A. (2006). Linking 
angling catch rates and fish learning under catch‐and‐release reg‐
ulations. North American Journal of Fisheries Management, 26(4), 
1020–1029.

Beardmore, B., Hunt, L. M., Haider, W., Dorow, M., & Arlinghaus, R. 
(2015). Effectively managing angler satisfaction in recreational 
fisheries requires understanding the fish species and the anglers. 
Canadian Journal of Fisheries and Aquatic Sciences, 72(4), 500–513.

Beukema, J. J. (1969). Angling Experiments With Carp (Cyprinus Carpio 
L.). Netherlands Journal of Zoology, 20(1), 81–92.

Beukema, J. J.( 1970). Acquired hook‐avoidance in the pike Esox lucius 
L. fished with artificial and natural baits. Journal of Fish Biology, 2( 2), 
155–160.

Blake, C. A., Alberici da Barbiano, L., Guenther, J. E., & Gabor, C. R. 
(2015). Recognition and response to native and novel predators in 
the largespring mosquitofish. Gambusia Geiseri. Ethology, 121(3), 
227–235.

Bond, A. B., & Kamil, A. C. (2002). Visual predators select for crypticity 
and polymorphism in virtual prey. Nature, 415(6872), 609–613.

Bourdeau, P. E., Pangle, K. L., Reed, E. M., & Peacor, S. D. (2013). Finely 
tuned response of native prey to an invasive predator in a freshwater 
system. Ecology, 94(7), 1449–1455.

Bouwman, K. M., & Hawley, D. M. (2010). Sickness behaviour acting as 
an evolutionary trap? Male house finches preferentially feed near 
diseased conspecifics. Biology Letters, 6(4), 462–465.

Brown, C., & Laland, K. N. (2002). Social learning of a novel avoidance 
task in the guppy: Conformity and social release. Animal Behaviour, 
64(1), 41–47.

Brown, C., & Laland, K. N. (2003). Social learning in fishes: A review. Fish 
and Fisheries, 4(3), 280–288.



     |  609LOUISON et aL.

Brown, G. E., Ferrari, M. C. O., Malka, P. H., Russo, S., Tressider, M., & 
Chivers, D. P. (2011). Generalization of predators and nonpredators 
by juvenile rainbow trout: Learning what is and is not a threat. Animal 
Behaviour, 81(6), 1249–1256.

Budaev, S. V., & Zhuikov, A. Y. (1998). Avoidance learning and &quot;per‐
sonality&quot; in the guppy (Poecilia reticulata). Journal of 
Comparative Psychology, 112(1), 92–94.

Camp, E. V., van Poorten, B. T., & Walters, C. J. (2015). Evaluating short 
openings as a management tool to maximize catch‐related utility 
in catch‐and‐release fisheries. North American Journal of Fisheries 
Management, 35(6), 1106–1120.

Chitwood, M. C., Lashley, M. A., Moorman, C. E., & DePerno, C. S. (2017). 
Setting an evolutionary trap: Could the hider strategy be maladap‐
tive for white‐tailed deer? Journal of Ethology, 35(3), 251–257.

Chivers, D. P., & Ferrari, M. C. O. (2014). Social learning of predators by 
tadpoles: Does food restriction alter the efficacy of tutors as infor‐
mation sources? Animal Behaviour, 89, 93–97.

Chow, G. C. (1960). Tests of equality between sets of coefficients in two 
linear regressions. Econometrica, 28(3), 591.

Coble, D. W., Farabee, G. B., & Anderson, R. O. (1985). Comparative 
learning‐ability of selected fishes. Canadian Journal of Fisheries and 
Aquatic Sciences, 42(4), 791–796.

Cole, N. W. (2014). Evaluating relationships between angler effort, 
catch rates, and management options in Florida recreational fisher‐
ies (Unpublished Master's Thesis). Gainesville, Florida: University of 
Florida.

Crane, A. L., & Ferrari, M. C. O. (2016). Uncertainty in risky environ‐
ments: A high‐risk phenotype interferes with social learning about 
risk and safety. Animal Behaviour, 119, 49–57.

Crane, A. L., Mathiron, A. G. E., & Ferrari, M. C. O. (2015). Social learning 
in a high‐risk environment: Incomplete disregard for the ‘minnow that 
cried pike’ results in culturally transmitted neophobia. Proceedings of 
the Royal Society B: Biological Sciences, 282(1812), 20150934.

Danchin, E. (2004). Public information: From nosy neighbors to cultural 
evolution. Science, 305(5683), 487–491.

Dawson, E. H., & Chittka, L. (2014). Bumblebees (Bombus terrestris) 
use social information as an indicator of safety in dangerous en‐
vironments. Proceedings of the Royal Society B: Biological Sciences, 
281(1785), 20133174–20133174.

Ferrari, M. C. O., Gonzalo, A., Messier, F., & Chivers, D. P. (2007). 
Generalization of learned predator recognition: An experimental test 
and framework for future studies. Proceedings B‐ Biological Sciences, 
274(1620), 1853–1859.

Fraser, B. A., Hughes, K. A., Tosh, D. N., & Rodd, F. H. (2013). The role 
of learning by a predator, Rivulus hartii, in the rare‐morph sur‐
vival advantage in guppies. Journal of Evolutionary Biology, 26(12), 
2597–2605.

Gaeta, J. W., Beardmore, B., Latzka, A. W., Provencher, B., & Carpenter, S. 
R. (2013). Catch‐and‐release rates of sport fishes in northern wiscon‐
sin from an angler diary survey. North American Journal of Fisheries 
Management, 33(3), 606–614.

Garrett, G. P. (2002). Behavioral modification of angling vulnerability 
in largemouth bass through selective breeding. American Fisheries 
Society Symposium, 31, 387–392.

Goeckner, D. J., Greenough, W. T., & Mead, W. R. (1973). Deficits in 
learning tasks following chronic overcrowding in rats. Journal of 
Personality and Social Psychology, 28(2), 256–261.

Griesser, M., & Suzuki, T. N. (2017). Naive juveniles are more likely to 
become breeders after witnessing predator mobbing. The American 
Naturalist, 189(1), 58–66.

Griffin, A. S. (2004). Social learning about predators: A review and pro‐
spectus. Animal Learning & Behavior, 32(1), 131–140.

Harkonen, L., Hyvarinen, P., Niemela, P. T., & Vainikka, A. (2016). 
Behavioural variation in Eurasian perch populations with respect to 
relative catchability. Acta Ethologica, 19(1), 21–31.

Harkonen, L., Hyvarinen, P., Paappanen, J., & Vainikka, A. (2014). 
Explorative behavior increases vulnerability to angling in hatchery‐
reared brown trout (Salmo trutta). Canadian Journal of Fisheries and 
Aquatic Sciences, 71(12), 1900–1909.

Herrón, P., Castellanos‐Galindo, G. A., Stäbler, M., Díaz, J. M., & Wolff, 
M. (2019). Toward ecosystem‐based assessment and management 
of small‐scale and multi‐gear fisheries: Insights from the tropical 
eastern Pacific. Frontiers in Marine Science, 6, article 127. https ://doi.
org/10.3389/fmars.2019.00127 

Hessenauer, J.‐M., Vokoun, J., Davis, J., Jacobs, R., & O’Donnell, E. (2016). 
Loss of naivety to angling at different rates in fished and unfished 
populations of largemouth bass. Transactions of the American Fisheries 
Society, 145(5), 1068–1076.

Hessenauer, J.‐M., Vokoun, J. C., Suski, C. D., Davis, J., Jacobs, R., & 
O’Donnell, E. (2015). Differences in the metabolic rates of exploited 
and unexploited fish populations: A signature of recreational fisher‐
ies induced evolution? PLoS ONE, 10(6), e0128336–e0128336.

Hsieh, K.‐Y., Huang, B.‐Q., Wu, R.‐L., & Chen, C.‐T. (2001). Color effects 
of lures on the hooking rates of mackerel longline fishing. Fisheries 
Science, 67(3), 408–414.

Hunt, L. M., Arlinghaus, R., Lester, N., & Kushneriuk, R. (2011). The ef‐
fects of regional angling effort, angler behavior, and harvesting effi‐
ciency on landscape patterns of overfishing. Ecological Applications, 
21(7), 2555–2575.

Kent, R., Holzman, R., & Genin, A. (2006). Preliminary evidence on group‐
size dependent feeding success in the damselfish Dascyllus margina‐
tus. Marine Ecology Progress Series, 323, 299–303.

Klefoth, T., Pieterek, T., & Arlinghaus, R. (2013). Impacts of domestica‐
tion on angling vulnerability of common carp, Cyprinus carpio: The 
role of learning, foraging behaviour and food preferences. Fisheries 
Management and Ecology, 20(2–3), 174–186.

Kuehne, L. M., & Olden, J. D. (2012). Prey naivety in the behavioural re‐
sponses of juvenile Chinook salmon (Oncorhynchus tshawytscha) to 
an invasive predator. Freshwater Biology, 57(6), 1126–1137.

Kuparinen, A., Alho, J. S., Olin, M., & Lehtonen, H. (2012). Estimation 
of northern pike population sizes via mark‐recapture monitoring. 
Fisheries Management and Ecology, 19(4), 323–332.

Kuparinen, A., Klefoth, T., & Arlinghaus, R. (2010). Abiotic and fishing‐re‐
lated correlates of angling catch rates in pike (Esox lucius). Fisheries 
Research, 105(2), 111–117.

Lennox, R. J., Alós, J., Arlinghaus, R., Horodysky, A., Klefoth, T., Monk, C. 
T., & Cooke, S. J. (2017). What makes fish vulnerable to capture by 
hooks? A conceptual framework and a review of key determinants. 
Fish and Fisheries, 18(5), 986–1010.

Lennox, R. J., Diserud, O. H., Cooke, S. J., Thorstad, E. B., Whoriskey, 
F. G., Solem, Ø., … Uglem, I. (2016). Influence of gear switching on 
recapture of Atlantic salmon ( Salmo salar ) in catch‐and‐release fish‐
eries. Ecology of Freshwater Fish, 25(3), 422–428.

Lima, S. L., & Dill, L. M. (1990). Behavioral decisions made under the risk 
of predation: A review and prospectus. Canadian Journal of Zoology, 
68(4), 619–640.

Lindeyer, C. M., & Reader, S. M. (2010). Social learning of escape routes 
in zebrafish and the stability of behavioural traditions. Animal 
Behaviour, 79(4), 827–834.

Louison, M. J., Adhikari, S., Stein, J. A., & Suski, C. D. (2017). Hormonal 
responsiveness to stress is negatively associated with vulnerability 
to angling capture in fish. The Journal of Experimental Biology, 220(14), 
2529–2535.

Manassa, R. P., & McCormick, M. I. (2012). Social learning and acquired rec‐
ognition of a predator by a marine fish. Animal Cognition, 15(4), 559–565.

Manassa, R. P., & McCormick, M. I. (2013). Social learning improves survi‐
vorship at a life‐history transition. Oecologia, 171(4), 845–852.

Matthias, B. G., Allen, M. S., Ahrens, R. N. M., Beard, T. D. Jr, & Kerns, J. A. 
(2014). Hide and seek: Interplay of fish and anglers influences spatial 
fisheries management. Fisheries, 39(6), 261–269.

https://doi.org/10.3389/fmars.2019.00127
https://doi.org/10.3389/fmars.2019.00127


610  |     LOUISON et aL.

Moraga, A. D., Wilson, A. D. M., & Cooke, S. J. (2015). Does lure colour 
influence catch per unit effort, fish capture size and hooking injury in 
angled largemouth bass? Fisheries Research, 172, 1–6.

Page, R. A., & Ryan, M. J. (2006). Social transmission of novel foraging be‐
havior in bats: Frog calls and their referents. Current Biology, 16(12), 
1201–1205.

Pérez‐Jiménez, J. C., & Mendez‐Loeza, I. (2015). The small‐scale shark 
fisheries in the southern Gulf of Mexico: Understanding their het‐
erogeneity to improve their management. Fisheries Research, 172, 
96–104.

Philipp, D. P., Cooke, S. J., Claussen, J. E., Koppelman, J. B., Suski, C. D., 
& Burkett, D. P. (2009). Selection for vulnerability to angling in large‐
mouth bass. Transactions of the American Fisheries Society, 138(1), 
189–199.

Pierce, R. B., & Tomcko, C. M. (2003). Variation in gill‐net and angling 
catchability with changing density of northern pike in a small 
Minnesota lake. Transactions of the American Fisheries Society, 132(4), 
771–779.

Pine, W. E., Martell, S. J. D., Walters, C. J., & Kitchell, J. F. (2009). 
Counterintuitive responses of fish populations to management ac‐
tions. Fisheries, 34(4), 165–180.

Post, J. R. (2013). Resilient recreational fisheries or prone to collapse? A 
decade of research on the science and management of recreational 
fisheries. Fisheries Management and Ecology, 20(2–3), 99–110.

Post, J. R., Sullivan, M., Cox, S., Lester, N. P., Walters, C. J., Parkinson, E. 
A., … Shuter, B. J. (2002). Canada’s recreational fisheries: The invisi‐
ble collapse? Fisheries, 27(1), 6–17.

Raat, A. J. P. (1991). Production, growth, condition and angling vulnera‐
bility of zander, Stizostedion lucioperca (L.), in relation to the avail‐
ability of prey fish in ponds. Aquaculture Research, 22(1), 93–104.

Rendell, L., Fogarty, L., Hoppitt, W. J. E., Morgan, T. J. H., Webster, M. M., 
& Laland, K. N. (2011). Cognitive culture: Theoretical and empirical 
insights into social learning strategies. Trends in Cognitive Sciences, 
15(2), 68–76.

Sih, A. (2013). Understanding variation in behavioural responses to 
human‐induced rapid environmental change: A conceptual overview. 
Animal Behaviour, 85(5), 1077–1088.

Sih, A., Bolnick, D. I., Luttbeg, B., Orrock, J. L., Peacor, S. D., Pintor, L. M., 
… Vonesh, J. R. (2010). Predator‐prey naïveté, antipredator behavior, 
and the ecology of predator invasions. Oikos, 119(4), 610–621.

Sih, A., & Del Giudice, M. (2012). Linking behavioural syndromes and cog‐
nition: A behavioural ecology perspective. Philosophical Transactions 
of the Royal Society of London. Series B, Biological Sciences, 367(1603), 
2762–2772.

Sih, A., Trimmer, P. C., & Ehlman, S. M. (2016). A conceptual framework 
for understanding behavioral responses to HIREC. Current Opinion in 
Behavioral Sciences, 12, 109–114.

Skow, C. D., & Jakob, E. M. (2006). Jumping spiders attend to context 
during learned avoidance of aposematic prey. Behavioral Ecology, 
17(1), 34–40.

Stålhammar, M., Linderfalk, R., Brönmark, C., Arlinghaus, R., & Nilsson, P. 
A. (2012). The impact of catch‐and‐release on the foraging behaviour 
of pike (Esox lucius) when released alone or into groups. Fisheries 
Research, 125–126, 51–56.

Stamps, J. A., & Frankenhuis, W. E. (2016). Bayesian models of develop‐
ment. Trends in Ecology & Evolution, 31(4), 260–268.

Stoner, A. W., & Ottmar, M. L. (2004). Fish density and size alter Pacific 
halibut feeding: Implications for stock assessment. Journal of Fish 
Biology, 64(6), 1712–1724.

Tran, D. S. C., Langel, K. A., Thomas, M. J., & Blumstein, D. T. (2016). 
Spearfishing‐induced behavioral changes of an unharvested species 
inside and outside a marine protected area. Current Zoology, 62(1), 
39–44.

Trimmer, P. C., Ehlman, S. M., & Sih, A. (2017). Predicting behavioural 
responses to novel organisms: State‐dependent detection theory. 
Proceedings of the Royal Society B: Biological Sciences, 284(1847), 
20162108.

van Poorten, B. T., & Post, J. R. (2005). Seasonal fishery dynamics of a 
previously unexploited rainbow trout population with contrasts to 
established fisheries. North American Journal of Fisheries Management, 
25(1), 329–345.

Vilhunen, S., Hirvonen, H., & Laakkonen, M.‐V.‐M. (2005). Less is more: 
Social learning of predator recognition requires a low demonstra‐
tor to observer ratio in Arctic charr (Salvelinus alpinus). Behavioral 
Ecology and Sociobiology, 57(3), 275–282.

Ward, A. J. W., Webster, M. M., & Hart, P. J. B. (2006). Intraspecific food 
competition in fishes. Fish and Fisheries, 7(4), 231–261. https ://doi.
org/10.1111/j.1467‐2979.2006.00224.x

Wegener, M. G., Schramm, H. L., Neal, J. W., & Gerard, P. D. (2018). Effect 
of fishing effort on catch rate and catchability of largemouth bass in 
small impoundments. Fisheries Management and Ecology, 25(1), 66–76.

Wilson, A. D. M., Brownscombe, J. W., Sullivan, B., Jain‐Schlaepfer, S., & 
Cooke, S. J. (2015). Does angling technique selectively target fishes 
based on their behavioural type? PLoS ONE, 10(8), 1–14.

Wong, B. B. M., & Candolin, U. (2015). Behavioral responses to changing 
environments. Behavioral Ecology, 26(3), 665–673.

Young, R. G., & Hayes, J. W. (2004). Angling pressure and trout catch‐
ability: Behavioral observations of brown trout in two New Zealand 
backcountry rivers. North American Journal of Fisheries Management, 
24(4), 1203–1213.

How to cite this article: Louison MJ, Suski CD, Stein JA. 
Largemouth bass use prior experience, but not information 
from experienced conspecifics, to avoid capture by anglers. 
Fish Manag Ecol. 2019;26:600–610. https ://doi.org/10.1111/
fme.12372 

https://doi.org/10.1111/j.1467-2979.2006.00224.x
https://doi.org/10.1111/j.1467-2979.2006.00224.x
https://doi.org/10.1111/fme.12372
https://doi.org/10.1111/fme.12372

